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On-road & field measurement of exhaust flow of small engines
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Real driving emissions measurements, after being successfully implemented on light and heavy on-
road vehicles, are being considered for L-category vehicles such as moped and motorcycles, and
for small non-road engines. Successful real-world measurement necessiates mastering both
exhaust gas concentrations and flow determination. Neither of the two dominant approaches,
direct flow measurement by Pitot tube and calculation from intake air flow measurements, is
readily applicable for simplistic single-cylinder engines. Direct exhaust flow measurement by Pitot
tube is subject to severe oscillations and reversals of the exhaust flow. Air flow and fuel flow
meters are typically too bulky for installation on small equipment, and speed-density method lacks
sufficient accuracy due to the relatively low volumetric efficiency of small engines.

In this work, different approaches for exhaust flow measurements on small engines will be
reviewed, and improvised measurement setups developed by the authors will be presented. One
such setup is an Improvised full-flow dilution tunnel, using a commercial vacuum cleaner turbine
as a blower and a set of garage-grade gas analyzers, suitable for small garden machinery. Another
setup is a Pitot tube with fast-response (kHz range) pressure sensors, measuring both forward and
reverse exhaust flows, applicable to motorcycle engines. Yet another approach is the speed-
density method, where the engine volumetric efficiency of a moped engine mapped on a chassis
dynamometer using a direct fuel flow measurement. Examples of measurement setups and results
of comparison measurements will be presented.

This work was funded by the European Commission project no. 101056777, LENS, L-vehicles
Emissions and Noise mitigation Solutions.
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Performance Evaluation Methods for Air Cleaners
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In ANSI/AHAM AC-1-2020, Clean Air Delivery Rate (CADR) is a measure of the appliance’s ability to
reduce aerosol particles. The CADR: measurement must be carried out in a standard AHAM
chamber, following a tedious and time-consuming procedure. An alternative method is using the
product of the flow rate and the filtration efficiency of the air cleaner. This product is named
equivalent CADR or CADRg. The present study compares and analyzes the pros and cons of these
two methods. A small chamber was built to substitute the standard AHAM chamber. A constant
output aerosol generator was used to generate DEHS particles. The initial concentration was
controlled at about 100 or 5,000 #/cm? when using monodisperse and polydisperse aerosol,
respectively. The natural decay rate (kn) and the total decay rate (ke) were then measured using a
condensation particle counter to determine the CADR.. The aerosol number concentration and size
distribution upstream and downstream of the air cleaner were measured using a scanning mobility
particle sizer to obtain the filtration efficiency as a function of particle size. The flow rate of air
cleaner was measured using a gas meter with a unique design to offset and balance the air
resistance of the gas meter. For a given filter, the filtration efficiency increases with decreasing
velocity because of a longer retention time within the filter media. This is particularly true for
submicron aerosols because the primary filtration mechanism is diffusion. Notice that the CADRg
and CADRc should be identical if the test aerosol is monodisperse. The CADRg is always lower (41%
in this work) than the CARDc if based on the MPPS. If the whole size distribution of the challenge is
included, the CADRg is 13% higher than CADR.. This mismatch becomes more significant if the
spread of the test aerosol increases, i.e., higher geometric standard deviation. Through simulation,
the longer the operation of the air cleaner, the particle distribution moves toward MPPS.
Additionally, CADR: would be overestimated if the testing aerosol is far from MPPS. The results
show that both performance testing methods correlate well. The filtration curve should be
measured to identify the MPPS. Hence, we can have a more conservative CADRg based on MPPS.
Overall, the CADRg is more robust, conservative, universal, and faster than the CADR, based on
the traditional chamber test method.
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Comparison of charging mechanism, the efficiency of particle matter capture and
generation of byproducts from different ionization based indoor pollution control
technologies

A. A. Kumar!
'Environment science and engineering

Indoor air quality is a significant concern in the modern environment as people especially those in
urban areas spend 80-90% of their time in living, working paces a well different means of
transportation and also due to the construction of tightly sealed buildings in developing and
populated countries. Among different indoor pollutants, particulate matter (PM) is a significant
concern to human health due to its smaller size and easy attachment to different chemical
species. Although there are different PM control technologies in the market as well as in lab-scale
they have several drawbacks like increased energy consumption due to pressure drop,
sustainability issues regarding filter disposal, biofouling issues for filtration and lack of information
regarding removal mechanism and performance in the real indoor environment a well as
generation of byproducts for emerging PM control technologies like nonthermal plasma and
biofiltration In this regard, ionisation-based devices like electrostatic precipitators (ESP) as well
ionizers find their applicability in cleaning indoor environments with benefits like highly efficient
PM capture, minimal energy consumption due to reduced pressure drop owing to their design,
ease of maintenance as well of the flexibility of keeping as either stand-alone or duct unit as well
along with its efficiency in removing multiple indoor pollutants like bioaerosols and hazardous
volatile organic compounds (TVOC). Therefore, the current study is on comparison of charging
mechanism, efficiency in PM capture, performance in removing multiple indoor pollutants and
generation of byproducts like ozone, nitrogen oxide and ultrafine PM of different ionisation-based
devices. Best performing ionisation-based products like wire plate ESP, brush type ionisers,
ionising air guns, ion pens and static ionizing bars which work on different polarity, having
different designs of ion emitters that emit different concentrations of ions while operating in
different voltages were selected and compared in a closed chamber. This could help customers in
selecting the most suitable technology based on their requirements. Additionally, the study also
explored the most influencing factors which affect the performance of an ionisation-based
technology which could assist in the design as well as the development of the most efficient
ionizer for indoors. All tested ionisers and ESP captured standard aerosols as well as PM emitted
from major real environments like candles, mosquito coils, incense sticks, mixed aerosols as well
bioaerosols like mycobacterium smegmatis as well Escherichia Coli as well ambient infiltrated PM
have different size distribution ranging from 10nm to 5Sum with efficiency range from 95 to 100%.
Among all tested devices, the static bar showed the highest performance in PM capture and
therefore was redesigned as per our requirement for a smaller diameter as well as an increased
number of ion emitters in all directions. Even though the primary function of indoor control
technology is to capture PM secondary consequences like energy cost, byproduct emission and
removal of multiple pollutant removal affect the long run of usage. Unfortunately, many of the
tested ionisers generated ozone above regulatory standards but it could be reduced by the use of
a suitable adsorbent as the entire system is a closed enclosure. The energy cost/ efficiency of the
desighed static bar was found to be comparable with commercial HEPA air purifiers. The emission
of ozone from the bar was far less than regulatory limits and there is no emission of other
byproducts like nitrogen oxides and ultrafine PM. Additionally, the non-thermal plasma mechanism
in ionisation-based devices was found to be capable of deactivating bioaerosols by 90% and
degrading hazardous volatile organic compounds like formaldehyde to less toxic products by 70%.
We are integrating ionisation with the photocatalysis process with nanomaterials for improved
deactivation efficiency for bioaerosol capture and degradation efficiency for TVOC above 90%
which will help in coming as a commercial indoor air purifier.
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Online Quantification of Oxidative Potential from and Residential Wood Combustion
(RWC) and Car Exhaust Aerosol

B. Utinger!, A. Barth?, S. J. Campbell?, . aeroHELATH-consortium?, M. Kalberer*

!Department of Environmental Sciences, University of Basel, Basel, 4056, Switzerland, ?
Department of Atmospheric and Oceanic Sciences, University of California at Los Angeles, Los
Angeles, CA 90095-1565, United States of America, *German-Israeli Helmholtz International
Laboratory aeroHEALTH (www.aerohealth.eu)

Air pollution particles are the single highest environmental health risk and have adverse effects on
human health with over 7 million premature deaths per year. Despite these negative effects, many
physical and chemical properties of particulate matter (PM) and their effect on human health still
remain unclear. The oxidative potential (OP) has widely been suggested as proxy to measure
toxicity in PM. Different assays have been developed to quantify OP over the recent years. Most of
them measure the OP offline from aerosol that is collected on a filter and analyzed with a time
delay from days to month.

We could show for a biogenic secondary organic aerosol using a-pinene as precursor, that the OP-
active compounds decay with a half-life from seconds to hours, leading to the assumption that the
OP in filter samples, is potentially highly underestimated. Therefore, we built an online instrument
that can quantify OP with a high time resolution using a physiological relevant assay. With this
online instrument and the corresponding offline assay, we characterized several aerosol types,
where we could show that there is not only an OP decay during the offline analysis, but that this
decay is also highly variable for different aerosol systems.

With the online instrument we also measured primary (fresh) and secondary (aged) emissions
from RWC and car exhaust to investigate the differences in aging times and compositional toxicity
of the different aerosol systems. We could show a highly time resolved signal as well as that for
RWC high photochemical ages lead to a lower mass-normalized OP, compared to car exhaust
emissions where a higher aging leads to a slightly higher OP. Aged RWC gives, compared to aged
car exhaust, an order of magnitude higher OP showing that aged RWC is potentially more toxic.
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Microbial Indoor Air Contaminants and Its’ Health Risk Assessment in different
microenvironments of Lucknow: capital of most polluted State of India

A. Taushiba'?, R. Khan'??

!Department of Chemistry,lsabella Thoburn College,Lucknow, India, 2Department of Environmental
Sciences, Integral University

Exposure to microbial organisms in indoor air has been related to effects on respiratory and overall
health. The prevalence of mold in indoor spaces such as hospitals, households, etc. expresses
worries about long-term negative health consequences and deterioration of existing lung
conditions. The current study aimed to quantify the seasonal variation of microbial contaminants
(bacteria and fungi) within households located in Industrial, Residential and Commercial areas and
assessment of health risks. Temperature and relative humidity were measured to determine how
they affected microbial survival. Bacteria and fungi in each microenvironment were assessed by
different plates containing media using the gravitational settling method. Following the
identification of microorganisms using conventional microbiological techniques, biochemical tests,
and molecular approaches were used. The findings indicated that the substances in indoor air are
a complex blend of physical, and microbiological contaminants in each area. The result reveals
that the highest bacteria concentrations in the residential area ranged between 5045.73- 5019.52
CFU/m3 in the spring season and fungi concentrations were found in the spring season in the
commercial area 327.64 compared to the winter season 170.37 CFU/m>. Based on indoor fungal
characterization, Aspergillus niger, Aspergillus flavus Cladosporium, Alternaria,
Fusarium, and Penicillium, were the most predominant genera found in an indoor environment.
The proper rules should be followed for managed environments in residential settings.
Furthermore, international regulatory agencies deny the presence of microbiological pollutants in
indoor environments, which have been repeatedly linked to the transmission of lethal diseases in
humans.
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Nano-dry-salt deposition on electret nonwoven confers anticoronaviral effect while
retaining aerosol filtration performance

A. Pirit, D. Park?, J. Choi', J. Hwang'*, J. Byeon®*

!Department of Mechanical Engineering, Yonsei University, Seodaemun-gu, Seoul 03722, Republic
of Korea, “Department of Sustainable Environment Research, Korea Institute of Machinery &
Materials, Daejeon 34103, Korea, *Department of Mechanical Engineering, Yeungnam University,
Gyeongsan 38541, Republic of Korea

Safe-by-designh concepts for anticoronaviral functions are important in the production of air filters,
face masks, and touch substrates because these interventions may be effective in allowing
continued socioeconomic activity and alleviation of the global recession. Recent attempts to
provide anticoronaviral functions have involved alternative compositions and architectures aimed
at producing nanoscale compounds for highly effective anticoronaviral activities. However,
translating the nanocompounds to the field requires considerable investment and time as well as
actual trials; thus, they may not be a viable option for timely deployment during the COVID-19
pandemic. With these considerations in mind, we have used sodium chloride, which is generally
recognized as safe (GRAS), to functionalize nonwoven sheets as frequently touched surfaces.
Specifically, we produced nano-dry-salt (NDS) particles through Collison-type atomization and
subsequent diffusion drying, and these NDS particles were finally deposited on electret meltblown
nonwovens in a single-pass air flow. The resulting GRAS NDS deposited electret nonwovens were
examined for effectiveness in anticoronaviral function and aerosol filtration with pressure drop.
The treated nonwovens exhibited significant inactivation of airborne human coronaviruses
(surrogates of SARS-CoV-2) while retaining the original filtration performance, even under saliva
droplet and dust exposures. Several realizable platforms can thus be presented to quickly
incorporate NDS deposition in conventional nonwoven production.
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[1] Dae Hoon Park, Jisoo Choi, Amin Piri, Jungho Hwang, Jeong Hoon Byeon, Environmental Science:
Nano, 2021, 8, 2780-2791.
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The interest in removing contagious viruses from indoor air using ventilation and filtration systems
is increasing rapidly because people spend most of the day indoors. The development of an
effective platform to regenerate the antiviral function of air filters during use and safe abrogation
of used filters containing infectious viruses is a challenging task, because an on-demand safe-by-
design manufacture system is essential for in-place antiviral coatings, but it has been rarely
investigated. With these considerations, an electrically operable dispenser was prepared for
decorating continuous ultrafine Fe-Zn, Fe-Ag, or Fe-Cu particles onto SiO, nanobeads to form
nanobulges (i.e., nanoroughness for engaging coronavirus spikes) in the aerosol state for 3 min
direct deposition on the air filter surfaces. The resulting nanobulges were exposed to human
coronaviruses (HCoV; surrogates of SARS-CoV-2) to assess antiviral function. The results were
compared with similar-sized individual Zn, Ag, and Cu particles. The nanobulges exhibited
comparable antiviral activity to Zn, Ag, and Cu particles while retaining biosafety in both in
vitro and in vivo models because of the significantly smaller metallic fractions. This suggests that
the bimetallic bulge structures generate reactive oxygen species and Fenton-mediated hydroxyl
radicals for inactivating HCoV.

[1] Jisoo Choi, Kishwor Poudel, Kang Sik Nam, Amin Piri, Adriana Rivera-Piza, Sae
Kwang Ku, Jungho Hwang, Jong Oh Kim, Jeong Hoon Byeon, Journal of Hazardous Materials, 2023,
445, 130458.
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Online Measurements of Oxidative Potential and Particle-bound Reactive Oxygen
Species of Aircraft Turbine and Ship Engine Particulate Emissions

A. Barth?, B. Utinger?, R. Zimmermann?3*, M. Kalberer*
'University of Basel, 2University of Rostock, *Helmholtz Zentrum Miinchen

Ambient particulate matter (PM) is one of the leading causes of premature deaths and is only
surpassed by other risk factors like high blood pressure or tobacco use. As a widely suggested
particle metric that might explain particle toxicity, the oxidative potential (OP) refers to the in-situ
catalytic production of reactive oxygen species (ROS) in the lungs upon exposure caused by PM
constituents like quinones, polyaromatic hydrocarbons (PAHs), redox-active transition metals (i.e.
iron, copper), radicals, and peroxides. ROS can also be present in or on PM before inhalation.

We have developed two online instruments to quantify OP and particle-bound ROS. The Online
Oxidative Potential Ascorbic Acid Instrument (OOPAAI) uses ascorbic acid (AA) oxidation which is
highly sensitive towards PM components like redox-active metals and a range of organics.
Whereas the Online Particle-bound Reactive Oxygen Species Instrument (OPROSI) utilizes the
2,7-dichlorofluoroscin (DCFH) assay to detect ROS like H,0, and organic peroxides. These
instruments can provide rapid (time resolution of 5-10 minutes) and accurate measurements.
Traditional filter-based offline methods often have significantly longer time delays between
sampling and analysis leading to potential sample degradation. This is of importance since some
OP and ROS active compounds are highly reactive and short-lived. As part of the ULtrafine
particles from TRansportation - Health Assessment of Sources (ULTRHAS) project a measurement
campaign was conducted at the University of Rostock, Germany, to investigate PM emissions
originating from the combustion chamber of an aircraft turbine operated with Jet A-1 fuel as well
as from a marine four-stroke single cylinder research engine running on marine gas oil (MGO) and
heavy fuel oil (HFO). In addition to measuring the emissions directly, the emissions were also
directed through the Photochemical Emission Aging flow tube Reactor (PEAR) to simulate
atmospheric aging by ozone and OH to achieve photochemical ages ranging from 0.5 to 8 days.

Both instruments observed dynamic changes in OP and ROS. For example, measuring aged ship
emissions, the highest ROS concentrations were measured during the lowest load using MGO (Fig.
1). Both instruments also detected differences between fresh and aged emissions, where the
ageing increased the OP and ROS. The OOPAAI and OPROSI demonstrated their capability to
capture fast changes in PM toxicity characteristics that depend on fuel as well as combustion and
ageing conditions.
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Figure 1. Online ROS concentration and OP per pg of
aged PM: comparison of four measurements between
MGO and HFO
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Air to Liquid Interface (ALI) cell exposure under transient driving of gasoline vehicles.

P. Baltzopoulou®, E. Papaioannou?, D. Deloglou?, G. Tsakonas?, R. Stamatiou®, A. Lazou>*, Z.
Samaras®*
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Introduction and Background

Air pollution, including exhaust emissions, especially in urban areas, has been suggested as one
possible cause of the increased risk of respiratory and cardiovascular diseases, including asthma,
lung cancer, and stroke. In particular, the ultrafine particles (UFPs) present in emissions are
particularly harmful due to their small size, which allows them to penetrate deep into the lungs
and even pass into the bloodstream, brain and placenta [US EPA, Health Effects of Air Pollution,
2021] [Leikauf, G.D., et al., Exp. & Mol. Medicine, 2020]. Health effects may be influenced by the
vehicle's emission standard and the driving cycle used during the exposure [EU Env. Agency, Air
quality in Europe, 2020].

Methodology

Two Air Liquid Interface (ALl) in-vitro cell exposure chambers of different designs are used in cell
exposure experiments to emissions of other gasoline vehicles at transient driving conditions. The
main difference between the exposure chambers is the direction of the exhaust flow concerning
the cell surface. In the first one - the Multiculture in-vitro Cell exposure Chamber (MEC)
[Asimakopoulou, A., et al., J. of Physics, 2013] - the flow is parallel to the biological samples, and
particulates are deposited due to diffusion. In the second one, the flow is perpendicular, and
particulates are deposited due to diffusion with minor enhancement caused by the stagnation
point flow. A549 human epithelial cells were exposed to diluted exhaust emissions of two state-of-
the-art passenger vehicles: a Gasoline Direct Injection (GDI) vehicle equipped with a Gasoline
Particle Filter (GPF) and a gasoline Port Fuel Injection (PFI) hybrid vehicle. Two driving cycles were
performed, each based on real driving conditions: a mild one (MRDE driving cycle) and a more
dynamic one (Combined driving cycle). Each vehicle was tested at both cycles during cold
start. The doses of particles during the cell exposure are determined according to the deposition
efficiency of each system and are equivalent to human inhalation during realistic daily exposure
[Paur, H.-R., et. al., JAS, 2013].

Results and Conclusions

Cell exposure with parallel flow (MEC) corresponds to lower particulate doses (equivalent to daily
realistic ambient exposure), while cell exposure with perpendicular flow results in x8 particulate
doses (equivalent to exposure in a more polluted environment). Dynamic driving of GDI vehicle
caused 23% higher cell mortality than mild driving when cells are exposed to low particulate
doses. Higher dosing (8x) - achieved within the perpendicular flow exposure chamber - resulted in
41 and 63% cell mortality at dynamic and mild driving, respectively. Differences in the dynamics
of driving the hybrid PFI gasoline vehicle did not cause significant differences in cell viability.
Although the dosing in the two exposure devices corresponds to inhalation at different pollution
levels, mild driving caused 80% cell viability in both systems, while dynamic driving reduces cell
viability to 60-70%.
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Human health risk assessment is the evaluation of the probability of adverse health effects
impacting specific groups of the population over a specified time period. It is classified into hazard
identification, toxicity evaluation, exposure assessment, and risk characterization. In order to
identify the contribution of various emission sources to health risks, the present study aims to
investigate annual and seasonal variations in PM, 5 mass and concentrations of the associated
trace elements over Delhi with complex pollution sources. The aim was to quantitatively assess
the impact of heavy metals on human health. In this study, the chemical composition data were
obtained to estimate the health risks (non-carcinogenic and carcinogenic) posed to children and
adults via inhalation, ingestion, and dermal contact pathways, in an urban environment. The
reference toxicity parameters (reference concentrations and doses for noncarcinogenic, inhalation
unit risks, and oral slope factors for carcinogenic) have been retrieved from the EPA Integrated
Risk Assessment System (IRIS) database. The source apportionment was also done to obtain the
risk contribution of different sources for different seasons. The carcinogenic and non-carcinogenic
risk values linked with all metals were within safe limits in this study except Chromium, Cadmium,
and Vanadium (in some cases). The highest carcinogenic and non-carcinogenic risk is observed
during the post-monsoon season. The study would help in identifying the contributions of
individual sources and chemicals to health risks under different seasons, which can be understood
to support the development of effective control strategies. Further detailed analysis of risks
associated with sources during different seasons will be discussed during the presentation.
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Indoor particle pollution from residential wood stoves

l. A. Johansen®, K. Press-Kristensen®*, T. N. Mikkelsen'*

Technical University of Denmark, DTU Sustain , ?Council of healthy indoor climate

Background: Small residential wood stoves are a well-known source to outdoor air pollution with
fine particulate matter (PM, ), ultrafine particles (PMy;), and other key pollutants. However, an
increasing number of recent studies also document wood stoves as a significant source of indoor
air pollution. This pollution is probably caused by particles escaping through an open stove door
(when firewood is added), leakage from the stove and/or the stovepipe (occurring when hot and
expanding), draught down the chimney into the living room (e.g. when opening a window or a door
in the house - or when turning on the cooker hood), and/or dust burning on hot stove surfaces.
Low indoor air pollution is crucial since people in Europe spend a significant part of their life inside
their home. Still, new wood stoves have no limits for indoor air pollution. However, new
technologies combining electrostatic precipitators with smoke extractors promise to reduce both
outdoor and indoor air pollution from wood stoves. Several studies confirm reduction in outdoor air
pollution but not much documentation exist for indoor air pollution. Purpose: To perform
systematic measurements of indoor particle pollution (PM, s and PM;,) from wood stoves and to
investigate if electrostatic precipitators with smoke extractors reduce indoor particle pollution from
wood stoves. Methods: Indoor particle pollution in 23 houses with wood stoves was measured
with newly calibrated P-Traks and DustTraks from TSI. Two of these houses had electrostatic
precipitators with smoke extractors. In one house, measuring before/after installing an
electrostatic precipitator with a smoke extractor was possible. Background measurements were
done for 10 minutes in the living room before using the wood stove. Pollution measurements were
done for about three hours during the normal use of the wood stove (by the house owner). Indoor
measurements were taken in a realistic distance from the wood stoves i.e. at locations where the
residents would typically stay when the stove was in use, e.g. on nearby coffee table or dining
table etc. Results: This study confirms significant indoor air pollution with fine and ultrafine
particles from some wood stoves and that the pollution can be caused by many different factors.
New eco-labelled wood stoves were not found to pollute less than old wood stoves. Electrostatic
precipitators with smoke extractors were not found to reduce indoor particle pollution. Residents
cannot smell the indoor pollution (smoke) from their stoves and are not aware of the health
hazardous air pollution they inhale. Recommendations Authorities should inform about the risk
of toxic indoor air pollution from wood stoves. The EU Ecodesign requirements and other eco-
labels for wood stoves should include limits for indoor air pollution. People should change to
electric fireplaces to avoid health-hazardous air pollution.
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Physical and chemical characterization of indoor particle sources
E. Caraccil, A. lannone??, F. Carriera®?!, P. Avino?, L. Stabile!, G. Buonanno'?

!Department of Civil and Mechanical Engineering, University of Cassino and Southern Lazio,
Cassino, FR, Italy, Department of Agricultural, Environmental and Food Sciences, University of
Molise, Campobasso, Italy, *International Laboratory for Air Quality and Health, Queensland
University of Technology, Brisbane, Australia

The hazardousness of indoor particle sources is widely known. Indeed, the human exposure in
indoor environments characterized by indoor sources with high emission rates can lead to the
occurrence of cancer. The carcinogenic effect is due to the transportation of chemical compounds
(e.g., heavy metals or polycyclic aromatic hydrocarbons) in different aerosol metrics [1]. To date,
the lack of studies that contextually characterize the physical and chemical composition of indoor
particle aerosol sources and, especially, in the sub-metric range, suggests investigating this field.

In this work, a physical and chemical characterization for different indoor sources (e.g., candles)
was conducted. Number concentrations and particle number size distributions were measured with
condensation particle counter (CPC) and scanning mobility particle sizer (SMPS), respectively, to
evaluate the emission number rates. Chemical fraction size-segregated were obtained collecting
polycarbonate substrates though a low-pressure cascade impactor (ELPI+™) in the range of 6 nm -
10 um. The subsequent analysis adopted were inductively coupled plasma mass spectrometry (ICP-
MS) and gas chromatography coupled mass spectrometry (GC-MS). The results show the presence
of heavy metals and polycyclic aromatic hydrocarbons especially in the sub-metric range and in
different size ranges, including ultrafine particles.

[1] Caracci, E., Stabile, L., & Buonanno, G. (2021). A simplified approach to evaluate the lung
cancer risk related to airborne particles emitted by indoor sources. Building and Environment, 204,
108143.
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XEV Fuel Economy Policy for Republic of Korea
M. Noh*?, J. Kim?!, H. Park?, D. Kim*?2, D. Lim?, J. Lee!, J. Ahn'*
'Korea Energy Agency, 2Chungbuk National University

Global primary energy supply has increased in line with global economic growth, reaching 14.3
billion TOE in 2018. QOil accounts for 39% of this supply, with transportation using 32.4% of it.
South Korea is the world's eighth-largest energy consumer, with the transport sector accounting
for 17.7% of its consumption in 2020, 80% of which is spent on roads. To improve energy
efficiency in the road sector, the Republic of Korea is promoting three major policies managed by
the Ministry of Trade, Industry, and Energy, with the Korea Energy Agency in charge of the system.

The first policy is the Corporate Average Fuel Economy (CAFE) for vehicles, requiring automakers
to comply with government-set standards for average fuel economy and average greenhouse gas
emissions of vehicles sold in South Korea. It applies to light-duty vehicles and has been in effect
since 2006. By 2023, passenger cars and vans (with 10 people or less) will need to achieve 24.4
km/L, while vans (with 11-15 people) and small trucks will need to achieve 15.4 km/L.

The second policy is the fuel economy label, which is an indirect regulation that helps consumers
choose vehicles with good fuel economy. It has been required for light-duty vehicles since 1988
and displays urban, highway, and combined fuel economy. Cars using internal combustion engines
(ICEVs) and hybrid electric vehicles (HEVs) are given 1 to 5 efficiency grades depending on their
fuel economy.

The third policy is the high-efficiency eco-friendly vehicle support system, exempting consumers
from paying taxes when purchasing high-efficiency vehicles, including HEVs, PHEVs, BEVs, and
FCEVs, with up to 6.6 million won ($6,000) reduction.

The system for improving vehicle energy efficiency is managed through vehicle fuel economy
data. Fuel economy of vehicles is measured through testing by an authorized testing agency or
manufacturer’s testing facility approved by the government. Tests involve running the Federal
Test Procedure (FTP) and the Highway Fuel Economy Test (HWFET) cycles on the chassis
dynamometer. ICEVs use the Carbon Balance method, analyzing vehicle emissions and calculating
fuel consumption inversely. HEVs and PHEVs use the Carbon Balance method, considering battery
Net Energy Change. BEVs' fuel economy is calculated by measuring the charge/discharge energy
of the battery.

South Korea is preparing to implement a heavy-duty vehicle fuel economy system to manage
energy efficiency blind spots in the transportation sector. Heavy-duty vehicles use a lot of energy
due to their long mileage and low fuel economy. Evaluating heavy-duty vehicle fuel economy
includes simulation and chassis dynamometer testing, with the latter providing accurate fuel
economy information to consumers.
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2D-hexagonal boron nitride and lung exposure: Exploring cellular interaction and
potential health effects in bronchial and alveolar airway epithelial cell models

G. Gupta?, V. M. Kissling?, P. Wick™*, T. Buerki-Thurnherr*

!Swiss Federal Laboratories for Materials Science and Technology (Empa), Laboratory for Particles-
Biology Interactions, St. Gallen, 9014, Switzerland

Inhalation is one of the most pertinent routes of exposure to nanoscale materials in occupational
settings. Hexagonal boron nitride (hBN) is an emerging 2D material attracting significant attention
due to its superior electrical, chemical and therapeutic properties. For a successful commercial
application of 2D-hBN, it is of key importance to understand its safety in occupational settings.
However, biological interactions of 2D-hBN and its behavior at the cellular level has not been
studied well. Here, an investigation of how 2D-hBN (obtained from the Graphene Flagship
consortium) interacts with bronchial (Calu-3) and alveolar (A549) epithelial cells under air—liquid
interface-based exposure was conducted. Our results revealed that 2D-hBN was readily taken up
by the cells, but did not trigger cytotoxic effects (e.g., damage of epithelial barrier integrity or cell
membrane) at tested dose ranges (1, 5 and 10 pg/cm?) for 24 h. To understand cellular
interactions, sub-cellular distribution and co-localization of 2D-hBN at organelles, the particles
were labeled with green fluorescent (FITC)- bovine serum albumin (BSA) and tracked intracellularly
over time using confocal microscopy and flow cytometry. In addition, the cellular interaction of 2D-
hBN was further validated by applying label-free detection methods such as transmission electron
microscopy (TEM) and confocal-RAMAN microscopy. The result showed intracellular deposition of
hBN in the endosomes and lysosomes after 24 h. We also observed an enhanced accumulation of
lipid droplets, which later triggered lipophagy. Overall, our data indicate a potential effect of 2D-
hBN exposure on cellular lipid metabolism in airway epithelial cells.

Keywords: 2D material, Pulmonary exposure, Lung in vitro model, Label-free detection,
Lipophagy

Funding information: This work is supported by the European Union (EU) 8th Framework
Program for Research and Technological Development, Graphene Flagship project (H2020-FET-
GrapheneCore3 - #881603).
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Potential ecotoxicity of biomass combustion-derived fine and ultrafine particles
K. Kobolova?!, T. Sitek?, ). Pospisil', V. Adamec?

!Brno University of Technology

Introduction & Background: Air pollution is the greatest environmental health risk in the 21st
century [1]. One of the significant sources of air pollution worldwide is biomass burning. Despite
the undeniable benefits of biofuels as a green energy source, the pollutants released during the
combustion process must not be forgotten. Besides gaseous pollutants (CO, C,H,and NO,), a great
number of particulate matter (PM) is produced [2]. PM pollution has been shown to have not only
adverse effects on human health but as well as the environment. For the reasons given above, the
authors of this study focused on the possible ecotoxicity of PM produced during the domestic
combustion process. Ecotoxicity was assessed using zooplanctonic Daphnia magna acute toxicity
immobility assay. According to the authors' knowledge, this is the first case study of the use of
immobility assay for contribution of aerosol pollution to the environmental impact.

Methodology: The combustion tests were carried out on a manual log feed stove from the Czech
manufacturer ABX, model Gronland, specially adapted for experimental purposes. The fuel used is
barkless beech wood beams (80x80x250 mm) with a moisture content of around 6.1 %, and ash
content was 0.3 % of raw biomass. It was fed in cycles with an interval of 40 - 45 minutes and the
weight of the fuel added per cycle was 2 kg. The PM sampling was carried out according to CSN EN
13284-1; quartz filter (porosity 0.3 um). Another type of sample was a liquid condensate of
particles after cooling the flue gas below its dew point. The Daphnia magna assay was performed
according to OECD 202. The composition of the samples was determined by ICP spectrometer
ARCOS (Spectro) and GS/MC method under standard conditions on a GCMS-QP2010 Ultra
(Shimadzu).

Results & Conclusion: PM condensate was tested with and without particles. In both cases the
mortality after 24 hours was 100 %. This means that it is the dissolved components that strongly
contribute to the toxic effect. The 24hEC50 value was 37 % and the 48hEC50 value was
determined to be 16 %. The toxicity of PM on the filters was investigated using aqueous leachate
and a contact test. The mortality in the case of aqueous leachate was 0 %. The results of the
contact test (PM captured on filter and PM transferred to the dilution solution) were the same,
where the mortality percentage after 48 hours of exposure was 60% in all cases, and the samples
were therefore assessed as toxic. Comparing the results of these tests, it can be stated, that the
presence of PM plays a key role in the toxic effects on the organism. The composition of PM was
similar to the condensate particles. The main difference was in soluble and insoluble ions. The
concentration of water-soluble ions is lower than in condensate. The presence of Cu, Fe, Sr and Pb
indicates a possible harmful effect of these particles. A high amount of organic compounds, mainly
PAHs were identified in the samples. The sixteen-priority compound from US EPA has been found
among the PAHs. The emitted PM from biomass combustion can lead to a toxic effect. Heavy
elements and PAHs might be key toxic components of PM. Oxidative stress is suggested as the
mechanism of toxicity. To understand the impact on human health and the environment, there is a
need to investigate further.

Acknowledgement: This paper has been supported by projects TJ04000415 (TACR) and FSI-
S-23-8223 (BUT).

[1] Health Organization, W., 2016. Ambient air pollution: a global assessment of exposure and
burden of disease. Clean AirJ. 2016. 26.

[2] Polacik, J. et. al. Emission of Fine Particles from Residential Combustion of Wood: Comparison of
Automatic Boiler, Manual Log Feed Stove and Thermo-Gravimetric Analysis. J. Clean.
Prod. 2021, 279, doi:10.1016/j.jclepro.2020.123664.
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Development and Inter-Comparison of Aerosol Particle Loss Measurement
Methodologies for Aircraft Gas Turbine Combustion Engine nvPM

F. O. Lidstone-Lane?, P. I. Williams*?*, A. Lea-Langton'*

'University of Manchester, ?National Centre for Atmospheric Science

In recent years, there has been a growing concern of the effects of aviation gas turbine
combustion engine emissions, with an estimated 16,000 premature deaths per year '*!. In addition,
combustion generated nvPM aviation emissions are thought to be the main source of
anthropogenic particulates in the upper atmosphere 2. Due to these concerns, the ICAO has
recently introduced a global nvPM emissions reporting standard 3!,

Aircraft gas turbine combustion emissions comprise of a complex mix of gases, semi-volatile, and
non-volatile solid particles (nvPM). For modern engines, the solid particles are usually below 100
nm in diameter, and consist of solid carbonaceous factual aggregates ..

Due to the harsh environment at the aircraft engine exit, long sampling tubing are used to
transport the exhaust sample to the measurement systems. As has previously been investigated,
there are numerous mechanisms that cause the loss of nvPM to the walls of the sampling tubing
(Hinds, 1998). The quantification and reduction of the nvPM loss through the sampling tubes is
particularly important to determine the real nvPM emissions at the aircraft engine exit .. Previous
studies use several methodologies to determine the nvPM loss through representative sampling
tubes ! and existing aircraft engine emissions regulation measurement sampling tubes ¢!,

This study looks to compare current methodologies to measure nvPM loss through sampling tubes
against newly proposed methodologies. Six methods were compared: SMPS full scans, SMPS size
selecting pre-CPC measurements, CPC measurements with SMPS size selecting pre sampling tube -
with these three methods using both dual CPC system and one CPC system upstream and
downstream. The study was conducted using silver nanoparticles (7.5 - 20 nm) as a proxy to
freshly emitted aviation gas turbine combustion engine nvPM, as such; a brief comparison of the
silver nanoparticles against nvPM will also be included.

[1] Quandros, F, D, A. Snellen, M. & Dedoussi, I, C. (2020). Environ Res Lett. 15, 10.

[2] Jonsdottir, H, R. Delaval, M. Leni, Z. et al. (2019). Commun Biol. 2.

[3] ICAO. (2017). Annex 16 - Environmental Protection Volume Il - Aircraft Engine Emissions. ICAO.
[4] Boise, A, M. Stettler, M, E, J. Swanson, J, J. et al (2015). J. Aerosol. Sci. 49, 825-855.

[5] Durand, E, F. Crayford, A, P. Johnson, M (2020). J. Aerosol. Sci. 54, 1019-1033

[6] Kittelson, D, B. Swanson, J. Aldridge, M. et al (2021). J. Aerosol. Sci. 49, 63-74
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Upcoming standardization for charge conditioners used in particle characterization and
for the generation of calibration and test aerosols - ISO 19996

|. Spielvogel®, H. Sakurai?, T. Members of ISO/TC 24/SC 4/WG 123

TSI GmbH, ?National Institute of Advanced Industrial Science and Technology - Metrology Institute
of Japan, *Various affiliations

Charge conditioning of aerosol particles by attachment of generated airborne ions is the key
process to establish a known size-dependent charge distribution in an aerosol. For some time now
charge conditioners other than the traditional radioactive sources or corona chargers exist and
may show different performances. To address this a new standard [1] is currently finalized that
provides guidance on performance characterization, test and calibration of charge conditioners
when used for particle size classification or for generation of sub micrometer test aerosols. For a
given particle size, the particles’ electrical mobility is proportional to the net number of elementary
charges on the particle. Therefore, the knowledge of the particle charge distribution is an essential
requirement for particle size classification with differential electrical mobility analyzing systems
(DMAS) [2,3].

This standard provides an overview of the main ionization sources, such as radioisotopes, soft-X-
ray sources and corona discharge devices and details their different charging performances along
with several influencing factors, such as for example particle size and surface area and carrier gas
characteristics. The standard provides several quantitative metrics for the performance of charge
conditioners along with relatively fast performance procedures with test aerosols and more
elaborate test methods, e. g. with ambient aerosols. It may be used to specify the performance of
charge conditioners and for adequate quality control of DMAS. The standard also contains
recommendations for the documentation of test results.

Furthermore, operational parameters are defined that should be specified in accompanying
documentation. This includes for example the maximum particle number concentration, the flow
rate range, the allowed type of carrier gas, and the recommended particle size range.

[1] ISO 19996 “Charge conditioning of aerosol particles for particle characterization and the
generation of calibration and test aerosols”, in preparation

[2] ISO 15900 “Determination of particle size distribution — Differential electrical mobility analysis for
aerosol particles”

[3]11SO 27891 “Aerosol particle number concentration — Calibration of condensation particle counters”
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Carbon Black vs Black Carbon - Application-oriented Analysis of Nanomaterials
F. Friebel®, . Wieder?, K. Reavell®
'FemtoG AG, *Cambustion Ltd

The production of carbon black (18 mio ton/a) greatly exceeds the global anthropogenic emissions
of black carbon (7 mio ton/a). Despite their similarities, both materials are usually characterized by
different communities, with different aims and with different techniques. We adopt measurement
techniques developed for exhaust particle emissions for the application-oriented analysis of
engineered nanomaterials (ENMs), such as carbon black.

The newly developed Mass & Mobility Aerosol Spectrometer (M2AS) is capable of simultaneously
measuring the particle mass and the mobility diameter throughout the whole particle distribution
within 5 to 15 minutes. In combination with a high-intensity powder-deagglomeration setup, the
relevant structural level of an ENM (e.g., carbon black aggregates) can be analysed directly. The
knowledge of particle number distribution with respect to size and mass allows for deriving key
performance indicators relevant for the respective material.

We present such data for carbon blacks produced for the usage in tires, rubber goods, inks and
paints and compare results with TEM-images and other application-oriented metrics such as the oil-
absorption number (OAN). For comparison, we present data on diesel engine soot.

By plotting the effective density as a function of the carbon black aggregate mass at the size-
distribution median values (Figure 1 right), information on the “openness” of the structure, the
aggregation level and other information can be gained. Moreover, single values such as the
number of aggregates per gram or a theoretical single aggregate layer can be calculated.

For three black pigments (Regular Colour Furnace Blacks - RCF, green symbols), TEM images are
shown (Figure 1 left) and are compared with the oil-absorption number (OAN), a metric for the
aggregate pore volume. As can be seen, these RCF’s have identical primary particle diameters of
27nm. From RCF-A to RCF-B the aggregation level and pore volume increase. These differences
can be equally well, but much faster detected by an increase in the median aggregate mass and
diameter and a decrease in the effective aggregate density.
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Assessing the potential to improve polarimetric aerosol property retrievals for black
carbon aerosol

Q. Xu', B. Bertozzi', A. Moallemi?, R. L. Modini, B. T. Brem?!, P. Giaccari?, M. Gysel-Beer?

!Laboratory of Atmospheric Chemistry, Paul Scherrer Institute, Villigen PSI, Switzerland, 2Micos
Engineering GmbH, Dubendorf, Switzerland

Angular distribution and polarization dependence of light scattered by aerosols allow the retrieval
of their microphysical properties using inversion algorithms. However, systematic bias in retrieved
properties is known for light-absorbing aerosol (e.g., black carbon, BC) owing to simplified aerosol
representation. Therefore, evaluating if using an aerosol model tailored towards combustion
aerosol improves BC retrieval quality is worthwhile.

This study explores this using the uNeph, a new prototype of laser imaging polar
nephelometer. The uNeph is designed to perform in situ measurements of the phase and polarized
phase functions of aerosols at 532nm. We probed homogeneous spherical (PSL, nigrosin) and non-
spherical (fullerene soot, Aquadag) aerosols with different optical properties. An algorithm based
on least square minimization and assuming spherical particles, i.e., using Mie theory, was applied
to infer the size distribution parameters and the complex refractive index. A good agreement
between Mie curves and the uNeph measurement is achieved for PSL spheres and light-absorbing
spherical nigrosin particles. The retrieved complex refractive index was independent of probed
particle diameter and in agreement with literature data (Fig. 1b). Good agreement was also
achieved for aerosol number and volume concentration. By contrast, it is not possible to fit Mie
curves that match both phase function and polarized phase function measured by the uNeph for
non-spherical Aquadag and fullerene soot samples. Consequently, the retrieved geometric mean
diameter is highly biased compared to independent data (Fig. 1a).

Future work will focus on i) measurement of more realistic soot generated under well-
constrained conditions, ii) a better forward model that can match uNeph observations hence
providing more accurate retrievals. Insights from lab experiments shall later be applied to ambient
aerosol to assess the potential for improved retrieval of light absorption from polarimetric data.

(a) (b
uNeph versus independent data: Particle Diameter (nm) uNeph: Complex Refractive Index [-]
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Standardisation of Black Carbon aerosol metrics for air quality and climate modelling
(EPM StanBC Project)

K. Vasilatou?!, A. Bescond?, E. Asmi®, G. Mo¢nik*!!, J. Saturno®, K. Eleftheriadis®, K. Ciupek’, T.
Miller®, E. Weingartner®, G. Smallwood*°

'Federal Institute of Metrology METAS, 2Laboratoire national de métrologie et d'essais, >Finnish
Meteorological Institute, 4Institut JoZzef Stefan, *Physikalisch-Technische Bundesanstalt, ®National
Center for Scientific Research , "National Physical Laboratory, 8Leibniz Institute for Tropospheric
Research, °University of Applied Sciences Northwestern Switzerland, '°NRC Canada, 'Haze
Instruments

Black carbon (BC) contributes to climate forcing and is an air pollutant impacting health.
Equivalent Black Carbon (eBC) mass concentrations are typically measured in real time with light
absorption photometers. Being very sensitive to changes in emissions, eBC mass concentration
might be regulated in the future as a metric for soot-like combustion by-products. However,
neither eBC mass nor the related aerosol light absorption measurements have been standardised,
traceability is incomplete and uncertainties are not adequately understood.

The new EU project StanBC (2023-2026) will aim at developing new standards for aerosol light
absorption coefficient and mass absorption cross-section, whose combination leads to eBC mass
concentration. The specific technical objectives are the following:

1. To standardise in-situ reference methods for aerosol light absorption coefficient (extinction minus
scattering and photo-thermal interferometry) and develop a robust uncertainty budget estimation
as a function of the wavelength and ambient aerosol properties (e.g. single scattering albedo,
SSA).

2. To standardise methods for the measurement of the aerosol mass absorption cross-sections (MAC)
(i.e. at various wavelengths) based on traceable measurements of light absorption and EC mass.

3. To develop procedures for calibrating filter-based light absorption photometers against the
reference methods using a series of well-defined synthetic aerosols generated in the laboratory.
The SSA of the synthetic aerosols will span the whole range from

4. To develop a new CEN standard which describes: a) Traceable reference methods for determining
aerosol light absorption coefficients and b) Procedures and materials for calibrating filter-based
photometers against the reference method(s).

Funding

The StanBC project is funded by EPM (European Partnership on Metrology). EPM is co-financed by
the Participating States and from the European Union’s Horizon research and innovation
programme.
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Traceable size measurement of polystyrene particles for calibration of particle counters
using SEM in transmission mode

T. Klein!, A. Nowak?, D. Hiser!, D. Bergmann?, E. Buhr?
'Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Introduction: Nanoparticle emissions from cars are of considerable importance for European
emission regulations such as EU6 and PTI, as they dominate the particle number concentration in
most urban atmospheres. These nanoparticles are counted by different types of particle number
instruments. Therefore, reference particle counters need to be calibrated by national authorities.
These measurements must be traceable to Sl units, including the traceable determination of
geometric diameter for monodisperse nanoparticle samples [1]. This is achieved by imaging the
particles using a scanning electron microscope in transmission mode (STEM-in-SEM), followed by
an image analysis routine that is based on the results of Monte Carlo simulations of the STEM-in-
SEM signals.

Traceability chain: For the realization of the S| unit meter, a helium-neon laser is used as a part
of a diffractometer to determine the average pitch of two-dimensional grating standards [2]. These
gratings are then used to determine the pixel sizes of the scanning electron microscope (SEM),
which are adapted to the specific particle sizes, ultimately leading to traceable size measurements
of nanoparticles.

Image analysis: For size determination, the image pixels belonging to a particle must be
separated from the background pixels. To achieve highly accurate measurements, the signal
profiles are linearly interpolated and an individual threshold dependent on the particle size is used
[3]. For relatively large polystyrene particles, the threshold at the particle boundary lies in the
outer, non-linear part of the signal profile. Therefore, a two-step approach has been chosen, see
Fig. 1. First, a preliminary size value is determined in the linear region of the signal profil at 60%.
Subsequently, the final size is obtained by adding a tabulated value determined by simulations.
Monte Carlo simulations: To simulate the imaging process we developed Geant4SEM by adding
our own physics classes for single electron scattering processes to the powerful open source
Monte Carlo framework Geant4. The elastic scattering cross sections were calculated using ELSEPA
[4]. For the inelastic scattering cross sections we have implemented a phenomenological model
approximating the dielectric function of polystyrene.

Results & Conclusions: We measured polystyrene particles with nominal sizes ranging from 30
nm (PSL30) up to 500 nm (PSL500). Fig. 2 shows our results in blue, including the expanded
uncertainties (k=2, type B) in comparison to the reference values and expanded reference
uncertainties (in black) of two international intercomparisons [5, 6, PSL500: manufacturer's data
sheet]. The results show very good agreement over the entire size range.

[1] 1SO15900:2020; [2] E. Buhr et al., Meas. Sci. Technol., 2007, 18, 667; [3] T. Klein et al., Meas. Sci. Technol., 2011, 22, 094002; [4] F. Salvat et
al., Comput. Phys. Commun., 2021, 261, 107704; [5] F. Meli et al., Meas. Sci. Technol., 2012, 23, 125005; [6] H.-L. Lin et al., Metrologia, 2019, 56,

04004

Figure 1: The preliminary particle size at 60% signal level is adjusted by 2A to obtain the final size. Figure 2: See Section "Results & Conclusions".
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Size resolved elemental analysis of bimetallic nanoparticles using SMPS-ICPMS
A. Agarwal'?, L. Torrent!, C. D. Koolen?3, A. Zittel®3, C. Ludwig’*

'paul Scherrer Institute (PSI), *Ecole Polytechnique Fédérale De Lausanne (EPFL), >Empa Materials
Science & Technology

Nanoparticles (NPs) size and composition have shown to play a role in different physical and
chemical processes, therefore their characteristics must be well defined. [1] The simultaneous
analysis of physical and chemical properties of nanoparticles is critical for several applications
including air quality control, combustion processes, and production of engineered nanoparticles.
Scanning mobility particle sizer (SMPS) in combination with inductively coupled plasma mass
spectrometer (ICP-MS) has been demonstrated to give size resolved elemental composition and
concentration of metallic aerosol. [2] In this contribution, the capabilities of the hyphenated SMPS-
ICP-MS system has been extended to characterize nanoparticle suspensions, and the performance
for analyzing bimetallic nanoparticles was evaluated.

Commercially available gold nanoparticles and in-house synthesized copper nanoparticles were
used to test the system. Firstly, the aerosols were generated using an ultrasonic nebulizer from
the particle suspensions. Then using a rotating disk diluter (RDD), the flow of the aerosol was
introduced into the SMPS-ICP-MS system. The RDD system not only dilutes the incoming aerosol,
but also acts as a gas exchange device. The SMPS provides information on size distribution and
number concentration of the aerosol, while ICPMS allows for determination of elemental
composition with excellent detection limits and a wide dynamic measuring range. By coupling
these two techniques, we are able to simultaneously obtain size and chemical information on
nanoparticles. In order to verify the results, the CuNPs were also analyzed with single-particle
inductively coupled plasma mass-spectrometry (sp-ICP-MS) and low-resolution transmission
electron microcopy (LR-TEM). The results were in agreement within the three analytical
techniques.

Further copper-silver nanoparticles were synthesized and analyzed using the SMPS-ICP-MS setup.
Information about the particle size distribution and the relative elemental composition could be
determined. Scanning TEM energy-dispersive X-ray spectroscopy analysis was also carried out and
the results were in agreement with the hyphenated setup.

In conclusion, this study shows that SMPS-ICP-MS can be used to characterize bimetallic NPs in
highly concentrated suspensions, with the promise of being used as a complementary analytical
tool for the analysis of nanomaterials.

[1] Cedric David Koolen, Laura Torrent, Ayush Agarwal, Olga Meili-Borovinskaya, Natalia Gasilova,
Mo Li, Wen Luo, Andreas Zuttel, ACS Nano, 2022, 16, 8, 11968-11978

[2] Adrian Hess, Mohamed Tarik, Christian Ludwig, Journal of Aerosol Science, 2015, 88, 109-118
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Crystallization of Ag-Au alloyed Nanoparticles by Molecular Dynamics
M. Schenker?, Y. Wang?, S. E. Pratsinis™*

Particle Technology Laboratory, Institute of Energy & Process Engineering, Department of
Mechanical and Process Engineering, ETH Zirich, ZUurich, CH-8092, Switzerland

Bimetallic nanoparticles possess unique properties resulting from the synergistic effects of their
constituent metals.*! The arrangement of crystal domains and surface characteristics of these
nanoparticles result in tunable optical and catalytic activity as well as improved oxidation
resistance.'?! Silver-gold (Ag-Au) alloyed nanoparticles are particularly advantageous in catalytic
synthesis and biomedical applications due to their plasmonic properties.®] Adding Au to Ag
nanoparticles during their preparation can significantly reduce their surface oxidation and limit
leaching of toxic Ag™ ions, while preserving their most desirable surface reactivity and plasmonic
properties.*!

This study employed molecular dynamics with the many-body embedded-atom method (EAM)
potential which has been widely used in description of pure Au or Ag sintering and crystallization.!!
For example, during cooling, surface Au atoms gradually diffuse into the core of an Ag-Au particle
at a decreasing ratio of 3-4 %, until the phase transformation occurs around 800 K (Fig. 1),
showing the influence of bulk Au ratio on crystallization and a clear decrease of surface Au (yellow)
atoms. The effects of cooling rate and annealing temperature on surface Au ratio are investigated.
The crystal sizes are calculated through X-ray diffraction pattern analysis for particles having Au
fractiong1 5t?etween 20 to 50 % and particle size of 2-8 nm and compared with experimental
results.'* >

Surface Au Ratio Change of Ag-Au NPs (5nm) During Cooling
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Figure 1. Surface Au ratio during cooling from 1600 K to 600 K by 5 K/ns for 5 nm Au-Ag alloyed
NP, with the bulk ratios of Au at 50 % (blue) and 30 % (orange).
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Crystallization Onset of Aerosol Au Nanoparticles
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Gold nanoparticles have a wide range of applications, including catalysis, sensing, medicine,
nanolithography and ion detection [1]. Although the wet-phase (Turkevich) process is commonly
used for commercial Au nanoparticle production, gas-phase (flame, plasma, laser, etc.) processes
are advantageous for their scalability, unique particle morphology and high purity [2]. The crystal
structure of Au nanoparticles influences their performance in plasmonic and photonic applications,
making important the understanding of their crystallization and control of the resulting crystal
structures.

The melting point for different particle sizes is used to validate our method [1]. The supercooled
solidifying temperature (T;) is determined, revealing a metastable region between the liquid and
solid phase. The onset of crystallization is revealed by tracking the largest cluster size and its
retained atoms fraction (RAF) during crystallization. Initially, the RAF fluctuates around 0 %, a
characteristic of subcritical cluster dynamics, followed by a rapid increase up to 90 % (Fig. 1, red
line). The largest cluster size also fluctuates before that increase of RAF, eventually encompassing
almost the entire nanoparticle. The onset of crystallization is identified when the RAF starts to
increase, with the corresponding critical crystal containing, for example, 4 + 1 atoms at 500 K and
20 + 5 atoms at 800 K (Fig, 1, green dash line). The 3D-snapshots of crystal composition inside the
Au particle at RAF = 10, 20, 50 and 80 % reveals that crystallization takes place by “catastrophic”
nucleation and coagulation far below T (Fig. 1a, 500 K), while through nucleation and gradual
accretion to a single crystal near T, (Fig 1b, 800 K). The crystallization onset is also marked by a
sharp drop in potential energy and the amorphous particle fraction during which the subcritical
nuclei transform into super-critical crystals. Additionally, crystals are found to grow via both
accretion and cluster merging, with crystal domain reorganization after the crystalline
transformation is completed, as revealed by the calculated X-ray diffraction (XRD) patterns. The
final average crystal size is calculated and compared using both XRD patterns analysis and direct
tracing of crystals, showing the influence of crystallization temperature, with the largest crystal
size obtained at temperatures near T..
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Figure 1. Number of atoms in the largest cluster (black line, left axis) and its retained atoms
fraction (RAF, red line, right axis) of a 10 nm Au particle at (a) 500 and (b) 800 K with 3D-
snapshots of its cross section (colored by crystalline disorder fraction of each atom).
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