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ABSTRACT

We observe the formation of the particles due to gas-to-particle conversion in complete darkness and UV irradiation
absence. The study was carried out in the Large Aerosol Chamber (LAC) of Research and Production Association (RPA)
“Typhoon” having 3200 m* volume. Because of the large size of the LAC, it is possible to exclude the boundary conditions
influence by chamber walls and the equipment inside the LAC on the processes under study. The LAC has two (external
and internal) High Efficiency Particulate Air (HEPA) 13 class filters installed at the entrance and inside it. First, we fill out
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the LAC of the atmospheric air and close it. After that, we purify the air inside the LAC by the internal filter. The number
concentration of particle sizes above 15 nm decreases down to 50 particles per cm®. However, after a while, we observe
increasing the particle number concentration by more than two orders of magnitude. We suppose that new formed particles
due to gas-to-particle conversion were detected. We again purify the air inside the LAC by the internal filter. The particle
number concentration decreased down to 10-20 particles per cm® and remained at this low value for more than 300 hours.
Our experiments indicate the necessity to use the two-stage procedure for cleaning working areas, with a time gap enabling
gaseous precursors to form new particles, removable by HEPA 13 filter. Regularities of the growth of the newly formed
particles from 15 nm size to cloud condensation nuclei characteristic size under controlled conditions were investigated.

The observed regularities could contribute to understanding the atmospheric aerosol formation process responsible for

cloudiness and precipitations.

Keywords: Aerosol Evolution; New Particle Formation; Big Aerosol Chamber

1. Introduction

The atmospheric aerosol is essential in a modern cli-
mate state[!): the formation of cloudiness looks impossible
without its participation. After(® 3], it was considered* that
hydroscopically active atmospheric particles were formed
from secondary aerosols by nucleating so-called conversion
gases in the atmospheric air. The secondary aerosols formed
due to the gas-particle conversion result from Brownian coag-
ulation grow to a size of 100-300 nm and could be suppliers
of condensation nuclei for the nucleation of cloud droplets.
According to[®! the new particle formation events one can
observe practically in all atmospheric conditions. Moreover,
depending on meteorological and geographical conditions,
their growth rate varies by several orders of magnitude; the
aerosol spectra collected on 24 European stations were pre-
sented in the studies of Asmi et al.[6].

Currently, the problem of the newly-formed particles
due to gas-to-particle conversion aerosol spectra evolution
can be solved in two interconnected (parallel) directions.
The first one is to conduct studies of the dependence of
secondary aerosol formation in natural conditions, which
differ for anthropogenic and natural sources of conversion
gases. In Finland, in 1962, a station for study the ecosystem-
atmospheric relationships for boreal coniferous forest (sta-
tion for measuring ecosystem-atmospheric relation SMEAR
II) was established ") to clarify the role of the natural sources
of conversion gases. That forest covers 8% of the Earth’s
surface and stores about 10% of the total carbon in the terres-
trial ecosystem. The previous studies of Dal Maso et al.[®!

recorded an average explosive occurrence of new particles in

24% of cases at this station between 1996 and 2003. Similar
processes were observed at other Northern field stations .
Therefore, one can conclude that boreal coniferous forest,
which releases isoprene and terpenes, participates in forming
the aerosol component in the European region. The authors
of the paper Drofa A.S. et al.!'% supposed the predominant
role of solar radiation in the new particle formation mech-
anism from conversion gases and also the possible role of
ions.

However, a detailed study of the secondary aerosol for-
mation mechanism in natural conditions is not possible due
to the variability of these conditions. Therefore, the other
natural method to study such processes is their reproduction
in laboratory (chamber) conditions.

In a chamber, one can measure and investigate aerosol
formation under controlled and repeatedly reproducible con-
ditions using various accurate laboratory instruments. How-
ever, this raises the question of taking into account the cham-
ber walls’ influence. Because of the small volume of a cham-
ber, the process of particles deposition on their walls can
be a significant obstacle. The attempts to make low-cost
chamber volume up to 240 m® from steel frames covered
with fluoroplastic film encountered the strong interaction of
the material with organic gases. Influence of ozone and OH
radical on new particle formation from terpenes emissions
of pine trees grown for these purposes were observed[!'=1"]
in a similar chamber with a volume of 6 m?, specially made
for operation under natural conditions. Due to the small vol-
ume of the chamber, the duration of the measurements was
only two hours. The amorphous nature of organic aerosol

particles was revealed?! in this chamber.
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Cosmic Leaving Outdoor Droplets (CLOUD) camera is
constructed in CERN (Switzerland) with Proton Synchrotron
with a volume of 26.1 m? and has walls from electro-polished
stainless steel. The air in the chamber is produced by the
evaporation of liquid nitrogen and oxygen?!?21. In this
chamber, a temperature from 183 K to 300 K can be con-
trolled with an accuracy of 0.01 K and may be elevated up
to 373 K for cleaning the walls from possible contaminants.
In addition, a calibrated amount of conversion gases SOo,
NH3, and other organic and inorganic gas components may
be added to the chamber. It is possible to regulate ionic com-
pounds in the chamber from zero concentrations by creating
a constant electric field up to a natural background from
galactic cosmic rays and additional ionization of the air from
the Proton Synchrotron n+-meson beam and solar radiation
as well. Unfortunately, the studied process duration in this
chamber is limited to five hours due to the wall influence,
and this chamber does not provide the injection of outdoor
air.

Studying secondary aerosol formation processes in var-
ious outdoor conditions shows the diversity of the conversion
gases composition. The published paper of Péschl et al.[?*]
showed that in the Amazon region with no anthropogenic
pollution, the primary source of the condensing material was
organic compounds emitted by plants. Nevertheless, the ratio
of biogenic and anthropogenic sources of these precursors in
the atmosphere is still poorly understood?* 231, Therefore, it
is essential to study the formation and evolution of secondary
aerosols in outdoor air in much larger volumes, where the
wall influence can be minimized. For this purpose one can
use the 3200 m® Large Aerosol Chamber (LAC) available at
the Research and Production Association “Typhoon”, filled
with external air. The LAC is situated in Obninsk (540 north
latitude, 350 east longitude), Kaluga region, central Russia.
The most part of the Kaluga region is a plain. Forests oc-
cupy 45.2% of the Kaluga region territory. The trees in these
forests are fir, pine, birch, asp, lime, and oak. At present, the
chamber is equipped with two (external and internal) High
Efficiency Particulate Air (HEPA) 13 class filters]. This
makes possible to reach almost zero aerosol concentration
in the LAC for a very long period (more than two weeks). It
means that neither the chamber walls nor equipment installed

inside the chamber produce aerosol particles.

So, the large chamber volume allows eliminating wall

influence on particle sedimentation: in the LAC, it is pos-
sible to study processes of atmospheric aerosol formation
and further evolution in close to natural conditions—the nu-
cleation formation processes of secondary aerosols from the
introduced gas impurities can be experimentally studied with
a trace of their evolutionary development and the evolution
of atmospheric aerosol in the absence of the source of a
secondary aerosol. The almost zero aerosol production by
chamber walls and equipment inside as well as the ability to
perform laboratory experiments during weeks is a novelty
of our approach.

The purpose of the paper is the experimental confirma-
tion of the generation of new aerosol particles from atmo-

spheric components inside the Large Aerosol Chamber.
2. Experiments

2.1. The Large Aerosol Chamber (LAC) Device
Description

The largest cloud investigation chamber constructed in
1954 in Texas, the USA "] has a spherical shape with an in-
ternal diameter of 60 feet (volume 3200 m?) with a steel wall
thickness of one inch. The first studies of aerosol concen-
tration dependence on atmospheric acro-ion concentration
one conducted in this chamber?®]. In Russia, a similar cylin-
der chamber with the same volume was built in Obninsk
in 1964 as an integral part of the complex facilities of RPA
“Typhoon”, designed for cloud and meteorological proposes

investigation.

The LAC design and its thermodynamic characteris-
tics are described in the paper of Romanov et al.[?*). The
chamber represents a hermetic steel cylinder 15 meters in
diameter and 18 meters height, the inner surface of which
is painted with ship paint. Outside, the chamber is covered
with a shell of heat-insulating material 10 cm thick and a
decorative fence hiding its unaesthetic forms. The entire con-
struction of the chamber is in the building and is surrounded
by adjacent working premises isolated from each other. The
chamber wall thickness is 6 mm allows it to withstand excess
pressure up to 0.07 MPa. The water-packed ring compressor
produces this pressure in about 50 minutes. Reducing this
pressure through a system of seven valves allows simulat-
ing the cloud cumulus formation with an adjustable rate of

air mass rise. Filling the chamber with outside air one car-
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ried out by sucking it through the premise adjacent windows
and the inlet using an exhaust fan located in the upper part
of the chamber through a valve with a nominal diameter
DN = 800 mm. In this case, the complete replacement of
the internal air by the external environment takes place over
approximately 0.5 hours. Since 2014, one has been cleaning
aerosols of air drawn in through the chamber by installing a
HEPA 13 class air filter at the entrance to the vestibule. The
company “AeroFilter” LLC (operating in Obninsk), which
manufactured the filter, guarantees the absence of acrosols
larger than 15 nm after the filtration. The dimensions of the
filter are equal to the entrance vestibule dimensions. At the
same time, the time for replacing air in the chamber with
the air cleared of aerosol increases up to about one hour.
A similar air filter with its fan is also available inside the
chamber. During its operation, approximately two hours,
the aerosol concentration inside the LAC decreases by about
three orders of magnitude. The photo of the chamber internal
view is presented in Figure 1.

Figure 1. Photo of the LAC interior view. 1—entrance portal with
size 60% 160 cm?; 2—rail for mounting the tested equipment; 3—the
hanging platform with temperature sensors (for measuring dry and
wet air), optical depth sensor with 4 m optical path and a photoelec-
tric sensor for measurement of cloud droplets size; 4—inner HEPA
filter.

The size dimensions of the HEPA 13 filter (position 4
in the picture) are equal to the entrance vestibule dimen-
sions (position 1). The second same air filter without a fan
is outside the chamber. All lanterns located on the chamber
walls for commissioning are turned off during experiments.
In 2014, the chamber was equipped with SMPS Scanning
Monitor Particle Sizer model 3936L.88-N (TSI Inc.). The

experiment size range is from 15 to 1000 nm with 115 mea-
surement channels. For sampling air from the LAC, we use
a 2 m long zinc-coated steel tube with an inner diameter
of 18 mm. A similar tube for outdoor air sampling goes
through a window near SMPS. The influence of these tubes
on the measured particle size was considered during the data
processing according to the SMPS manual.

2.2. LAC Radiation and Ionization State

Ions in the air can play a significant role in secondary
aerosol nucleation, so it is essential to know their con-
centration to study the secondary aerosol formation pro-
cesses. The speed of secondary aerosol formation can-
not exceed the ion pairs (i.p.) formation speed under the

301 For the chamber in

influence of ionizing radiation!
CERN, this speed under the influence of natural radiation
is 2 i.p. per em?® per sec. To determine this characteristic,
we carried out several 7-10 days measurements during the
second half of 2019 and January 2020. We measured the
dose rate (DR) in the LAC with a gamma radiometer using
Geiger-Muller counters (model B/IKI'-1). The measured
dose (DR) was 8—10 uR per h. Hence, under the DR = 1
R per hi.p = 2.06 - 10%.p. per em? per sec. So we ob-
tained the ionization rate in the chamber at normal pressure
~ 514.p. per cm® per sec. DR measurements near indica-
tion the LAC and outside the building usually exceed the
chamber by approximately 20%. To us such a slight decrease
in DR in the chamber is because the muons, responsible for
the ionization of nitrogen and oxygen molecules in the lower

atmosphere, are highly penetrating, and the chamber walls
cannot filter them so that muons can ionize gas molecules in-

side the chamber. We did not carry out a detailed study of the
air ion formation in the LAC because it requires long-term

experiments with various parameters. However, our prelimi-
nary conclusion follows from several conducted experiments

that the resulting ion concentration in the chamber mainly

depends on the aerosol concentration and establishes within

a few hours. So for a single experiment with the aerosol

concentration changing from 7 - 103¢m ™3 to 50 ¢cm ™3

us-
ing internal HEPA 13 filter the light ion concentration with
mobility > 0.4 cm? per V per sec is for positive ions at a

level from 4 - 102cm ™3 to 4 - 103cm ™3 correspondingly.
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2.3. Forming and Nucleation Aerosol Evolution
Process

According to the coagulation and sedimentation laws,
the rate of number particle concentration N(z) is proportional
to the first and the second degree of the coagulation K and

sedimentation D factors correspondingly 31341
dN
— = -KN?-DN 1
7 (D
with the solution:
N (t ti1—t)-D

I+ KN (4) /D - (1—eap((t: — 1) - D))

where ¢ is the time moment when the LAC is hermeti-
cally closed after it has been filled an outdoor air and purified
by the external HEPA 13 filter. The Equation (2) could have
an additional constant term on the right-hand side, defining

B3] but we

the particle inflow from an extraneous source
have no an extraneous source and, hence, no constant term.

ForD — 0
N (t t1—t)- D
N~ Nen (i —1-D)
1+ N ()t —t)- K]
Note that Equations (2) and (3) imply that factors K
and D do not depend on the particle size. Usually, one can

3

use them for ¢> t; to predict N(?), and we use them for the
early stages t < t; of the coagulation spectra formation
when it is impossible to measure the concentration with the
instruments. The value ¢ is defined when the denominator

of Equation (3) is zero:

1
K N (t1)
To compare with the experiment, we use normalized
distribution function f (d) = n (d) /N (t) with n(d) from 4.
The Equation (5) represents moments /(n), taking into ac-
count /(0) = I and median diameter d,,, = /(1).

to=1t; — 4

)= [ ) dad )

Equations (6)—(8) define other dimensionless parame-
ters:

relative count standard deviation

02_ fgof(d)(d_dm)zdd
C - d2

m

Q)

asymmetry factor

S f(d) - (d— dn)’dd

kas = 3 (7)
/577 (@) (4= d)*dd] 2
relative asymmetry
ras = kas/gcz ®)

We will consider the simplest two-parameter distribu-
tions for the experimental data approximation: the gamma
(g), the lognormal (/n), and the Smirnov (Sm) which are defin-
ing by kas and o, values. From the following relationships
36,37]

between ras and o[

ras (g) = 2;ras (In) = 3+ 02;ras (Sm) = 4/(1 —g2)
O

One can see that the gamma distribution (defined by

the Equation (10)) has the minor relative asymmetry ras = 2.

p
I ()

d 1
Here, u = /dm;,u: /O_CQ.

If ras > 2, one can use a sum of the other distributions
having factors defined by (9).
We calculate dependency m(?) with the same factors K

(10)

uh T erp(—p - u)du

fry () du =

and D by the following equation.

Ny (t)
N3 (1)

m (£) = m (t) (1)

Here, m (tg = 200urs) = 0.44pugperm?3. No(t) is cal-
culated by equation (2) with reference point N (¢ = 20) =
4200cm =3 (with K = 9.05 - 10~° (cm?’perours) =25-
10~ "*(m3persec), and D = 2.6 - 1073 (ours™!) = 7.2 -
1077 (sec™')). N3(2) is obtained by equation (3) with the
same factors K and N (¢ = 20 hours).

In case of time dependence of K(?) and D(?) we will

use the following expression:

m (t1)

m(t) = (12)

1+ a(t—t) /5

where #; is the time moment when the LAC is hermeti-
cally closed after it has been filled an outdoor air and purified
by the external HEPA 13 filter.
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3. Results

In this section, we present the results which testify
to the experimental confirmation of new particle formation

from atmospheric components inside the LAC.

3.1. Heat Exchange and Air Motions in the
LAC; Procedure of Experiments with Par-
ticle Number Evolution

The integral heat capacity of the walls and structures ad-
jacent to them exceeds the integrated heat capacity of air by
10-15 times. When simulating the cumulus cloud formation
by reducing the previously created overpressure, the temper-
ature difference between the wall and air usually varies from
plus 5 to minus 10 K. The heat transfer consists of % with
IR emission exchange of chamber walls with water vapors
and Y convective heat exchanges?°. More detailed study
indicated that the convective heat exchange occurs in ascend-
ing (descending) airflow in a 5-10 cm thick layer close by
vertical walls and horizontal movements near the floor38!:
as a result, a homogeneous temperature (the accuracy 0.1 K)
is established in the chamber’s entire horizontal layer (except
for the regions near walls).

In stationary conditions without excess pressure, ide-
ally, the air temperature in the chamber should coincide
with the temperature of its walls in the absence of any air
movements. However measurements using a GLL acoustic
anemometer (model ALTAT-3M RPA “Typhoon” design, the
accuracy 1 cm per second) show turbulent air flows when the
chamber is in a closed state without any disturbing influences.

Figure 2 presents such measured flows.

LAC cleaning process (AC-Cyc 18.02.19.)
t1 - end of cleaning by ext. H13, t2-t3 - beginning and end of cleaning
by int. H13, t4 - beginning of full spectra registration

10000

t4,
t1 ) J”\‘\'E\ 213
1

1000 —

100 —

N f& time (h)

100,0

i
I
1
1

0.1 1,0 10,0 1000,0

Figure 2. Vertical and horizontal wind velocity in the LAC under
stationary conditions.

One can see chaotic air horizontal and vertical move-

ments with the amplitude of several cm per sec. Because

of the oversized dimensions, the temperature of the walls is
inhomogeneous and induces such movements. As the result
of these movements, the aerosol characteristics in horizon-
tal directions should level, so the measurement of aerosol
spectra in one point represents leveled situation for the full
chamber. The aerosol characteristics of the air practically do
not change after the air is mixed in the chamber using a fan.

Figure 3 shows experimental results for aerosol reg-
istration. We conducted laboratory experiment series and
obtained similar results. One can conditionally divide the
experiment into several stages.

The first stage is filling the LAC an outdoor air, puri-
fied by the external HEPA 13 filter and hermetically closing
the LAC. This action corresponds to the time moment #; as
shown on Figure 3. The stage ends at the time #2. Each dot
on the figure points to the 10-minutes cycle measurements.
One can see that after cleaning the air, the particle number
concentration becomes several particles per cm®. But after
that, the concentration increases and archives a maximum
of 4-10° cm~3 approximately after 4 hours. We conclude
that this is because of secondary aerosol formation due to
gas-to-particle conversion. Further, the particle evolution
process takes place. Finally, the particle number concen-
tration decreases down due to Brownian coagulation. At
time ¢4 (approximately after 20 hours), the complete spectra
registration is available.

& Ny

—_— o[t

Na(#)

0 40 80

time(h)

120 160

Figure 3. Particle number evolution in the air. The air was cleaned
by HEPA 13 filters at two different time moments.

The second stage goes from time 7 till #3. Further,
we second time purify the air with the internal HEPA 13
filter. Currently (approximately 2 hours), the concentration
decreases to 10-20 particles per cm?.

Figure 3 shows that after the second cleaning (time

after 3), the particle number concentration does not signifi-
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cantly change and stays for a long time (more than 300 hours)
at the same level of several tens particles per cm?.

We conducted a series of such experiments, and always
after the second filtration, the particle number concentra-
tion became almost zero for up to two weeks. Neither LAC
walls nor turning on the equipment (including the mixing
fan) influences these results.

The data on Figure 3 leads us to conclude that after the
first filtering in the LAC forming secondary aerosol from
a gas component takes place. Although we cannot mea-
sure particles less than 15 nm (the lowest SMPS threshold),
we assert that achieving a high concentration (4-10%) is im-
possible without secondary aerosol sources. These sources
are some gas components in outdoor air that can form sec-
ondary aerosol particles; the authors of the paper of Hirsikko
et al.[3% discovered secondary aerosols in a closed room,
which seemed to have the exact nature: the specified gas
components.

Since 2015, we have conducted more than 15 purpose-
ful qualitative and quantitative experiments to study the phe-
nomenon in the summertime and more than § experiments in
wintertime. We turned out that the secondary aerosol forma-
tion occurred in all cases (except one case in winter). This
approves the known opinion!#! that aerosol formation by
nucleation constantly occurs in nature. However, the forming

mechanism is not known yet0l,

3.2. The Observation of Aerosol Nucleation Ap-
pearance and Its Evolution at Positive Tem-
perature

At a qualitative level, we note that autumn-summer
time has a large mass concentration and narrow particle size
distributions. Because of its actuality for secondary aerosol
formation process understanding, we pay special attention to
this period. We study in detail the synoptic cyclone situation
on August, 30, 2018, when pumping in outdoor air through
the external HEPA 13 filter with water content 12 g per m*
and 20 °C temperature at 12:17 by Moscow time. The sec-
ondary aerosol formation process and further aerosol evolu-
tion we carried out during six days. Figures 4-7 present the
obtained results.

3.2.1. Evolution of the Secondary Aerosol Size
Distribution

Figure 4 shows the time evolution of aerosol spectra.

We mark with “external” the size distribution of outdoor

aerosols with the concentration of N, = 4-10% em 3. In-
dex ¢t = 0 corresponds to the measurement start and coincides
with the LAC filling end with the purified air with the exter-
nal HEPA 13 filter. At this moment, the aerosol concentra-
tion No = 27 em 3. We registered particles only in separate
channels. Separate marker points present the ¢ = 0 curve.
Following indexes refer to the points (in hours) from the
chamber filling end to when measurements start.

Figure 4 shows that after 20 minutes, we observe the
secondary aerosol formation with the size above the detec-
tion limit in 15 nm. Basing on the dependence, proposed
inB], we estimate the particle growth rate in the air (con-
taining gas-precursors typical for Obninsk) injected into the
LAC, as 0.7-0.8 nm h™!; this value corresponds to typical
estimates for mid-latitudes®!. We detect the almost com-
plete size distribution after three hours, and after 20 hours,
there are no particles less than 20 nm. This time moment
t =20 hours one can consider for experimental data com-
parison with Equations (2) and (3). We use time moment
¢t =3 hours as qualitative data because only a tiny part of
the left-hand side of size distribution is below the measured

limit.

Evolution NP AC 30.08.18_12.00

10000

1000 Qq'\::

— 147
| \

TIANN
o ' ‘m\\‘ﬁeMA V\\\

10 100 d om)

—092

Fid) (cm-3 nm-1)
[

1000

Figure 4. The secondary aerosol’s formation and evolution process
in the LAC after filling it with the purified with the external HEPA
13 filter outdoor air on August 30th, 2018. Curves correspond
to the start time of 10 minutes cycles, measuring periods counted
from the end LAC filling moment. The vertical dashed line is the
threshold of the SMPS device. The word “external” means the size
distribution of outdoor aerosol particles, ¢ = 0 — aerosol particle
size distribution measured after filling the LAC with the purifying
external HEPA 13. ¢ = 0.3, ¢t = 3, and other — time moments (in
hours) of size distribution measurement start after the LAC filling.

The analysis of aerosol particle spectra time-evolution
revealed the considerable increase of mean particle size —
from 30 nm to 70 nm during 150 hours of observation. The
relative breadth tends to 0.25-0.29 and relative asymmetry is
positive and oscillates near 2. This allows supposing gamma
distribution for particle spectra evolution approximation.
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3.2.2. The Particle Number Concentration Evo- shape nor the statement of secondary aerosol density con-

lution Process

This section presents the number and mass concentra-
tion (Figure 5) related to Figure 4.

—Ni(t) ——Ny(t)

® N

- mit)

—ra(t)

experimental data
calculated data

N (em™)

Figure 5. (left) Comparison of experimentally measured number
concentration N(z) and calculated N2(?) (blue line), and N3(?) (red
line) concentrations time dependencies. (right) experimental m(?)
and calculated mo(#) dependences of secondary aerosol mass con-
centrations during their evolution process in the LAC.

Lines with marks in Figure 5 (left) represent mea-
sured concentration in the range 15 to 1000 nm. The solid
blue line represents N (?) calculated by equation (2) with
reference point N (t = 20) = 4200 cm =3 (with K =
9.05-107°% (cm? per ours) = 2.5-107"°(m? per sec),
and D = 2.6-107% (ours™) = 7.2-107" (sec™!)).
These factors K and D we estimate with successive iterations.
The discrepancy between calculated and experimentally mea-
sured values (including # = 3 hours) does not exceed 1.5 %.
The solid red line represents dependency N3(#) obtained by
Equation (3) with the same factors K and N(z = 20 hours)
for the dependency estimation of the last term in Equation
(1). The comparison between N(2) and N3(?) shows the rate
of concentration decrease increases from 1.5% after 3 hours
up to 50% after 50 hours.

We calculate mass concentration from experimental
data assuming spherical particle form with a density equal to
1 g per cm®. The dashed line in Figure 5 (right) represents
these values. As seen from this figure, the mass concentra-
tion value increases by about 10 % from 3 to 20 hours. In
the evolution process for ¢ > 90 ours, the mass concentra-
tion values decrease by about 2.5-3 times (the aerosol mass
should be constant in the coagulation process). As follows
from the comparison above, a significant decrease cannot be
because of sedimentation, which the last term in Equation (1)
defines. Figure 5 (right) represents the dependency ma(?),
which considers sedimentation, calculated from the Equation
(11) with m (to = 20 ours) = 0.44 ug per m>.

Neither the assumptions about the particle spherical

stancy (taking into account the sedimentation) can explain
the considerable decrease (about two times for the five days,
¢t = 147 hours) in mass particle concentration.

We suppose that it could be because of (i) aerosol age-
ing resulting in its structure compaction, (ii) the overestima-
tion of the small particle size with SMPS, or (iii) shrinking

events 1],

3.2.3. Aerosol Experimental Results in the Sum-
mertime

We never vanish the left-hand side of the size distribu-
tion (below 15 nm) measuring. It means that there is a source
of condensing products at least of hourly availability. One of
these sources may be plant emissions. The efficiency of such
a source should depend on daytime. To approve this hypothe-
sis, we carried out experiments on aerosol evolution purified
from aerosol particles air in September 2018. We filled the
chamber in the evening and nighttime. The experimental
results are presented in Table 1.

From Table 1, one can see that the maximum mass con-
centration of secondary aerosol (0.58 pg'm~3) we observed
during the daytime. When we sampled the air in the evening
or at night, the mass concentration decreased to 0.2 ug-m~3
and 0.09 ug-m—3, respectively. One can note the almost
complete coincidence of the ras values in the first and last
two rows of Table 1. The overestimation of this value for
the second-row one can attribute to a short time delay. So,
the values o, = 0.28 and ras = 2 can be considered universal
asymptotic values and used in modeling the formation and
evolution of secondary aerosol. The size distribution of the
formed secondary aerosol is narrow. Therefore sedimen-
tation does not influence aerosol spectra (and the gamma
distribution). We assume Equation (10) as the asymptotic
function for the new particle coagulation. Fixed in Table 1,
the lowest secondary aerosol concentration at night may sup-
port the hypothesis that particles are formed from the volatile

plant emissions.

3.2.4. Aerosol Experimental Results in the Win-
tertime

Winter aerosol differs from summer one. The first dif-
ference is the absence of a biogenic gas conversion source,
which is plant emission. A similar effect was observed dur-

ing the investigation of newly-formed particle formation in
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Table 1. Time dependence of characteristics for outdoor aerosol and filtered aerosol in the LAC in the summer-autumn season.
Date—date of air sampling, time—the local time of the chamber end filling, a—water content.

Date Time Outdoor Air Air in the LAC
N m a At dm (nm) m oc ras
30/08/18  12:00 LT 3-10° 7.36 12 20 52 0.44 0.30 1.9
05/09/18  18:00 LT 20-10° 15.5 12.2 16 39 0.2 0.33 2.8
06/09/18  13:00 LT 11-10° 8.6 9 20 57 0.58 0.28 1.8
18/09/18 22:30LT  7.3-10° 4 7.9 20 33 0.09 0.25 2.4

the Antarctic[*?]. New particles were detected when the air
masses came from the open ocean, and there were no parti-
cles detected when the air masses came from the mainland
or ice fields. The second difference is the low absolute air
humidity value at negative temperatures. These low values
remain after air warming in the LAC, while relative humidity
decreases significantly.

We studied four situations during winter 2019 when
there was solid snow in the region, gentle breeze, and stable
negative temperature. Table 2 presents the results of these
studies.

The first episode on 10/01/19 with low negative tem-
perature corresponds to the edge of an anticyclone with an
isothermal temperature profile in 300 meter layer after slight
snowfall. The number and mass concentration of outdoor
aerosol are low. During this situation, there is no new particle
formation in the LAC for 22 hours of observation. The other
episodes refer to relatively low negative temperatures with a
sufficiently large number and mass concentrations of aerosol.
They differ in initial temperature, water content, and time
on LAC filling, while characteristics of the formed in LAC
particles with mass concentrations less than 0.1 ug per m?

are almost similar.

Let us note that filling the LAC with filtered external
HEPA 13 filter air takes about one hour. The filter skips par-
ticles smaller than 15 nm and gases contained in the outdoor
air. These gases usually contain conversion gases that are the
source of secondary particles. The new particle formation
from conversion gases, their coagulation and coagulation
with pre-existing in the LAC aerosol particles and conver-
sion gases removal from the LAC, occur during the filling.
Without using complex computational models of these pro-
cesses, it is possible to accept the moment 20 minutes before
the filling end as a start time of the aerosol evolution in the

LAC. However, to avoid uncertainties arising from this, we

accept the moment of the filling end as a start time.

Indeed, coagulation spectra’ formation and asymp-
totic behavior is the subject of numerous theoretical stud-
ies31:32.341 However, for atmospheric aerosols, the theoreti-
cal study of such dependencies is complicated by uncertainty
in describing the coagulation nucleus for specific situations.
Until now, the modeling of such processes is a complicated
process because of the influence of small chamber walls.
The authors of the paper of Seipenbusch et al. 3] conducted
studies of the platinum aerosol evolution with an average
diameter of about 7 nm in a clean chamber of 2 m*® volume
with the presence of a simulating atmospheric aerosol. The
aerosol coagulation up to about 100 nm for up to 250 min-
utes they got with aerosol source continuous operation due
to diffusion of the aerosol onto the wall.

The fitting of analytical ratio for approximating the
size distribution function is the critical aerosol characteris-
tic in modeling both cloudy and general climatic processes.
The analytical expression of aerosol spectra studies proposes
two-power law four-parameter distribution3”! and the sum

[44

of three lognormal distributions 41, To us the gamma distri-

bution is most suitable for at least new particle formation.

4. Conclusions and Discussion

The main points of our study can be summarized as
follows:

e The upgrade of the Large Aerosol Chamber (LAC) of
RPA “Typhoon” with 3200 m? volume and HEPA 13
filters makes it possible to study gas-to-particle pro-
cess formation. The main process is a new particle
formation in the LAC with the purified with the exter-
nal HEPA 13 filter outdoor air. This process occurs
under conditions of complete darkness. (This is a
novelty of our study. To our knowledge, only Dada
et al.[*] tried to perform experiments in dark condi-
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Table 2. Time-dependence of characteristics for outdoor aerosol and filtered aerosol in the LAC in the winter season. Date—date of air
sampling, time—the local time of the chamber end filling, a—water content.

Date Time Outdoor Air Air in the LAC
T N m At dm (nm) m oc ras
10/01/19 12:00 LT —11 1.4-103 1.2 2.2 22 - 0.00 - -
10/02/19 12:30 LT -1 7.2:103 10 4.2 20 31 0.08 0.33 2.5
14/02/19 12:00 LT -7 10-10° 6 2.5 31 34.5 0.08 0.30 3.0
18/02/19 22:00 LT -5 21-10° 3.8 1.9 35 42 0.095 0.34 29

tions.) The background concentration of ions in the
air is formed by secondary galactic cosmic radiation.
The next removal of these particles with the internal
HEPA 13 filter results in the practically zero aerosol
(27 ecm™?) concentration in the LAC for a very long
(more than a week) period. This indicates that the
conversion gases pumped in the LAC formed new
particles. On the other hand, this indicates that the
chamber walls and installed chamber equipment did
not generate aerosol particles.

e Our experiments indicate the necessity to use the two-
stage procedure for cleaning working areas, with a
time gap enabling gaseous precursors to form new par-
ticles, removable by HEPA 13 filter. We found that
almost full-spectrum with sizes greater than SMPS
lower detection limit (d = 15 nm) disappeared (via
coagulation) in 2—3 hours after filling the LAC the
purified outdoor air. At the same time, the newly-
formed particle concentration exceeded the value of
about 104particles per cm® and very quickly lowered

due to Brownian coagulation.

e The newly formed particle spectrum evolves (due to
gas-to-particle conversion with the constant mass con-
centration) to the narrow bell-shaped” spectrum with
the concentration ~ 3-10° per cm® about a day later.
The latter evolves during the following days (five or
more) due to Brownian coagulation, while its shape
remains constant. The relative count standard devia-
tion o, for the summer-autumn period is about 0.28,

and relative asymmetry ras = 2.

e The mass concentration calculated from measured
aerosol spectra (assuming that specific density equals
1 g per cm?) varies from 0.09 to 0.6 pg per m® for
night and daytime, respectively, during the summer-

autumn period. For winter conditions, it does not

exceed 0.1 pg per m® and does not depend on time.
The decrease in plant emissions probably causes a
decrease in aerosol concentration at night.
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