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What are aerosols?

* Suspension of liquid . e AL
or solid particles A S T
* 1T nm-=100 Um .®_® ;. ...::0.. .:::..o‘:o
* Impact: Cee .
* Climate -I 2
* Health ]_LIEH
* Role in biological l = W o
systems ; an® P F=D

e Aerosols transform
during their lifetime in

the atmosphere Riemer, N., Ault, A. P., West, M., Craig, R. L., & Curtis, J. H. (2019). Aerosol mixing

state: Measurements, modeling, and impacts. Reviews of Geophysics, 57(2),
187-249.




Surface processing of aerosols
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Surface processing of aerosols X.+Y —+ P+ S
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Langmuir-Hinshelwood mechanism

X —diffy
* Examples: ozone, S gs
NO,, mercuric
compounds

* Initial rate generally
limited by the

number of
adsorption sites, S Xs+Y —P-+S



Experimental setup
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Experimental workflow

baseline stage

Reactive substrate

Inert carrier gas

Reagent X

Inert carrier gas

2000008888
— —  —)

b ——

— —) —)
A=

Reactive substrate

Measured concentration

X=X

N

10



Experimental workflow

uptake stage
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Experimental workflow

uptake stage - surface saturation
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Experimental workflow
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Processing of experimental data
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Previous work

* Model by Ammann et
al. 2002:

* For surface chemistry
and uptake coefficients

* No gas-phase transport

* Qur goal: develop a
model for post-
processing
experimental data

Model-predicted uptake coefficient
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2D model
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Resolves:

ﬂ Radial velocity profile
ﬂ Radial and axial diffusion

ﬂ Axial profile of surface species
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1D model

X(z)
Vv diffasion

X gs (Z ) advection

Time Advection Axial Radial

dependence diffusion diffusion

dt — kdiff(X - ng) - "“ads(ngaXS’ P)

Resolves:

Axial diffusion
Axial profile of surface species

Radial diffusion

Radial velocity profile

Appropriate when
diffusion is much
faster than advection
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« Experimental data
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CSTR model Resolves:

Radial diffusion
—_— Xout E3 Axial diffusion
ng &4 Axial profile of surface species
£4 Radial velocity profile
Xs
dX F
— = —(Xip — X) — kgig(X — X
dt V (Xin ) aitt zs) Appropriate when the
Tirme Inflow / Radial reactor is short
dependence outflow diffusion relative to its width
dXgs

dt - kdiﬂ”(X - ng) - 7“adS(ngast P)



Fitting data to CSTR model
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Sensitivities
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Sensitivities
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Sensitivities
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Sensitivities
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Sensitivities
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Example fits
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Uptake coefficients
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Comparison of model performance
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Conclusions and future work

Conclusions:

* With the developed framework, rate constant of the elementary reactions
Instead of effective kinetic parameters can be extracted from uptake
experiments

* Fast fitting to experimental data
* Prediction of concentration-dependent uptake coefficients
Future work:

* Test the predictive power of the model

* Determine limitations of the CSTR model (when the 1D model needs to be
used)
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Effective first order adsorption rate constant

Att = 0:

keff = kadsStot

At steady state uptake, d;ts ~ 0:
keff = kads(Stot - Xs,ss)

X ss can be estimated from the
model or analytical expression:

K = ern(nut _®}
R
E = Ektlﬂﬁ + K

T = 4-{{*‘;1,{::1.;;&1]5 + dei{[ (ZK + Rk{ies + QX'IGH.L{H)

T —\/T? - 32KRSo X k2 kair
- BkadﬁK

Xs
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