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Introduction

Since their introduction (Kang, 2007), the oxidation flow reactors (OFR) have become increasingly im-
portant tools for investigating secondary aerosol formation processes. Especially, OFR's are useful
tools in studying the photochemical aging of transient emissions sources due their high time resolu-
tion compared to environmental chambers and compact size (e.g. Kuittinen 2021; Karjalainen, 2016).
The high time resolution stems from the short aerosol physical residence time (trs ~ 1 min) compared
to environmental chambers (ts ~ hours). Despite of the short physical residence time of the OFRs,
the equivalent photochemical aging time can be in the order of several days accomplished by the high
concentration of oxidants compared to atmospheric conditions. Despite the fact, that accelerated pho-
tochemistry of OFRs have some limitations on how accurately they simulate atmospheric aging (Peng,
2020), OFRs provide joint metrics that can be used to compare the potential of different emission
sources to produce secondary aerosols (SA).

In this study, we present characterization results of a new commercially available OFR called Dekati
Oxidation Flow Reactor (DOFR). The DOFR design is similar with the previously introduced Tampere
University Secondary Aerosol Reactor (TSAR) by Simonen et al. (2017). The main oxidizer in the
DOFR is OH-radical that is formed by UV-C (254 nm) photolysis of externally injected Os and H20. The
TSAR sample inlet was modified slightly in the DOFR by shortening it and adding a flow laminating ele-
ment before the reactor part. The characterizations performed for the DOFR include the determination
of the equivalent photochemical age (EQA) range and the particle residence time distributions (RTD).
In addition, the DOFR was tested in the field by measuring the SA formed by several passenger cars
(gasoline and diesel) running in idle, and the results were compared with previous studies.
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onto pre-existing particles and reactor walls or nucleate to new particles and can fragment to volatile
vapors

The vapor losses have been shown to be for the TSAR reactor 25—80% depending on condensing
species properties (Simonen, 2017).

Theory and methods

The upper limit of the photochemical age was determined similarly as in Simonen et al. (2017) but in-
stead of SO, tracer a carbon monoxide tracer was used. The CO concentration was measured with UV-
lights on and off and from these concentrations the OH-exposure was calculated with the following equa-
tions:
* Exposure for the OFR: OHeyp = t(OH] = —In (%) (0 initial, f final)
(Wall losses cancel out if both concentrations are measured downstream of the reactor)

¢ Equivalent photochemical age t.qy = OHexp/ [OHl tm, Average
e [OH] =1.5*10° molec/cm? (Mao et al., 2009)

atm. average

Results — photochemical age

The photochemical age, measured with only trace gas present in the sample flow, represents the maxi-
mum ageing that can be simulated with the OFR as the only oxidized gaseous species is the tracer. In the
real measurement the age or the OH-exposure is lower because several exhaust gas components can re-
acting with the OH-radicals. Figure 2. shows the setup and Figure 3 (a) and 3 (b) presents the results of
the DOFR ageing experiment. The results show that the ageing can be tuned in the range of 1 - 35 days
controlling the number of UV-light bulbs on, the amount of water vapor, and the ozone level.
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Figure 2. Setup used to determine the equivalent ageing of the DOFR, [
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Figure 3 (a). The equivalent age after the DOFR

with two lamps on.
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Figure 3 (b). The equivalent age after the DOFR with
all lamps on (12 lamps).
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Residence time distribution

Figure 4 shows the RTD measurement setup and
Figure 5 presents the preliminary results of the ex-
periment. Particles were NaCl and the particle size
distribution geometric mean was ca. 80 nm. Particles
tend to have very small diffusion movement com-
pared to convective transport and, thus, the results
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Figure 4. RTD measurement setup.
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the flow and increase the RT. setups. Laminar model can be found e.g. Simonen et al. (2017).

Fresh and aged emissions of idling passenger cars

Figure 6 shows the measurement setup for the vehi-
cle emissions measurement. The “fresh” exhaust
was measured after a cold dilution and “aged” was
measured after the DOFR treatment. Sample condi-
tioning unit prototype (accessory for the DOFR) was
used to add and control the H20 and Os concentra-
tions of the sample. Dilution ratios were monitored
calculating the DR from CO2 concentrations. The DR
was 100 for the fresh and varied for the aged aerosols. The maximum EQA was remained around 18
days (0s~50 ppm, RH~50 %).

Figure 7 (a) presents particle mass distributions for a GDI engine equipped passenger car (Euro 6d).
Ageing produces 2-4 orders of magnitude higher mass concentrations than the fresh exhaust. Simonen
et al. (2019) found also high aged emission after cold start for a GDI and a PFl cars (50—300 mg/m®).
Figure 7 (b) presents the PM1 of four different passenger cars for cold and normal engine operating
temperatures. The TDI engine exhaust PM1 was below the detection limit values or very low in all cas-
es. The GDI car had highest mass concentrations of aged particles but very low fresh concentrations.
The PFI car produced no aged particles after engine and after treatment had warmed up.
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7 (a) Particle mass size distributions measured from a GDI

dM/dlogDp (mg/m:

o - 2

Z . 3 8

PMT (Mg/ms)

o -~ 2

Z 4 3 8
bele
below detection
I
|
below detection

0.001

Fresh (cold)  Fresh (warm)  Aged (cold)  Aged (warm)
7 (b) Fresh and aged PM1 measured with cold and warmed up
passenger car exhaust with the HR-ELPI+. "Cold” refers to  engines for several different Euro emission level passenger
the measurement was performed after starting a cold cars.Hybrid car was running in battery charging mode producing a few
engine and the "warm” refers to the measurement after the kWs of engine power (not truly idling).
engine had reached its normal operating temperature.

Conclusion

In this study, we characterized and tested a new commercially available oxidation flow reactor
(DOFR). The equivalent photochemical ageing range was found to be from 1 to 35 days
(corresponds to 10'" - 5x10'2 molec. s/cm?). The RTD was found to follow the laminar model
rather well, but the average residence times seemed to need flow rate specific calibrations. The
DOFR was tested in the field measurements in combination with the eDiluter and the HR-ELPI+
to measure the primary and secondary aerosol mass generated by idling passenger cars. It
was found that gasoline vehicles produced 1 to 4 orders of magnitude more SA mass com-
pared to primary mass with a cold engine. Euro 5b compliant TDI engine produced negligible
primary and SA mass concentrations. The measurements demonstrated how OFR measure-
ment can potentially provide a joint metrics to compare the SA potential of emission sources.

References

Mao et al., Atmos. Chem. Phys., 9, 163-173, 2009

Kang, E., Root, M. J., Toohey, D. W. and Brune, W. H. (2007) Atmos. Chem. Phys., 7, 5727-5744.

Kuittinen, N., McCaffery, C., Peng, W., Zimmerman, S., Roth, P., Simonen, P, Karjalainen, P, Keskinen, J.,
??%%ré D., R., Durbin, T., D., Rénkkd, T., Bahreini, R., Karavalakis, G. (2021) Environmental Pollution, 282,

Karjalainen, P., Timonen, H., Saukko, E., Kuuluvainen, H., Saarikoski, S., Aakko-Saksa, P, Murtonen, ~ T., Dal
Maso, M., Ahlberg, E., Svenningsson, B., Brune, W.H., Hillamo, R., Keskinen, J., Rénkko, T.,  (2016) At
mos. Chem. Phys. 16, 8559e8470.

Peng, W., and Jimenez, J., Chem. Soc. Rev. (2020),49, 2570-2616.

Simonen, P., Saukko,E., Karjalainen, P., Timonen, H., Bloss, M., Aakko-Saksa, P., Ronkko,T., Keskinen, J.,
Dal Maso, M., (2017) Atmos. Meas. Tech., 10, 1519- 1537.

Simonen, P, Kalliokoski, J., Karjalainen, P, Ronkkd, T., Timonen, H., Saarikoski, S., Aurela, M., Bloss, M., Tri-
antafyllopoulos, G., Kontses, A., Amanatidis, S., Dimaratos, A., Samaras, Z., Keskinen, J., Dal Maso, M.,
Ntziachristos, L. (2019) Environmental Pollution, V. 255, Part 1.

Acknowledgements

The measurements were carried out in a joint measurement campaign with Tampere University and University of East-
ern Finland at Dekati premises. Dr's Panu Karjalainen, Miska Olin, and Santtu Mikkonen are acknowledged for their con-

tribution in the campaign.
Dekati Ltd. » Tykkitie 1, FI-36240 Kangasala » Finland »
Tel. int +358 3 3578 100 » www.dekati.com

ELPI and Dekati are registered trademarks of Dekati Ltd. Related eFilter™ US-patent 9791361. Other eFilter™ and eDiluter™ patents pending.




