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Dust physico-chemical and optical properties
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Radiative budget

Aerosol-cloud-radiation interactions
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The variability issue (1/3)

Clay (aluminosilicate) Gypsum (calcium sulphate) Diatomite (amorphous silicate)

* Size distribution: ~ 200 nm - 20(0) um

* Shape

* Mineralogical composition

Clays (illite, kaolinite, smectites, chlorite...),  quartz, feldspaths, carbonates (calcite,
dolomite), iron oxydes, others....
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The variability issue (2/3)

Heterogeneous chemistry at the particle surface
=

+ nitric acid

adapted from Laskin et al. (2005) AMMA (2006), unpublished
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The variability issue (3/3)

Complex refractive index (CRI) =

n-ik
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Advancing the prediction of optical properties and
links to mineralogy
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Scanza et al., ACP, 2014
but also Colarco et al., JGR, 2014; Journet et al., ACP, 2014; Perlwitz et al, ACP, 2015a; 2015b
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Approaches
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The CESAM simulation chamber

www.cesam.cnrs.fr

* Controlled conditions (RH, T, irradiation, gaz
mixtures)

* Simultaneous measurements of physico-
chemical and optical properties

| * Long aerosol lifetime (> 24h for submicron

particles)

Stainless-steel, 4.2 m3 volume

Wang et al., AMT, 2011




A number of challenges



RED-DUST

Generating mineral dust aerosols
from natural solls

!<15 g of soil !
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RED-DUST

It seem to works...
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Dust aerosols everywhere, at m

the same concentration.... GRIMM OPC ==
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Size-dependent dust aerosol lifetime . iiE =

0.019-0.8 pm
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Quantifying the dust aerosol mineralogy

Total mass = Mass of crystalline minerals + Mass of iron oxydes + Mass of amorphous material

Total mass = gravimetrically or by elemental analysis (XRF, PIXE) or by conversion of particle size distribution
Mass of crystalline minerals = X-ray diffraction (XRD)
Mass of iron oxydes = X-ray absorption at near-edge spectroscopy (XANES)
Mass of amorphous material = TEM counting of non-diffracting particles

Clay (aluminosilicate) Gypsum (calcium sulphate) Diatomite (amorphous silicate)




Quantifying the dust aerosol mineralogy

Mass of crystalline minerals = X-ray diffraction (XRD)

Identification

Quantification
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XRD analysis of low-mass samples (< 600 ug)
Caquineau et al. (1997)

Calibration of non-clay minerals (Klaver et al., 201

Clay

minerals based on difference with total masg#l



Normalised absorbance

&

Quantifying the dust aerosol mineralogy

Fe absorption edge
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Mass of iron oxydes = X-ray absorption at near-edge

spectroscopy (XANES)
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Realism of the generated aerosol

Size distribution :
e I Mineralogy
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RED-DUST

Niger dust
CESAM

Niger dust
in the field




RED-DUST

A laboratory-based project
targeting the absorption properties of mineral dust

wavelength
soil mineralogy
size distribution




Laboratory simulation experiments

In situ spectroscopy
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* S Mulfireflection white cell - \
Size distribution Grimm™ j: ‘ : £
,:l—‘— : /:| ; | - . . -
= ; g Size distribution
CENTRALDATA SRR |/ /11111111 @ESAM E ....... savreks SMPS Nephelometer
DISPLAY Pumping port R | — Aethalometer
Y | ' FTIR = | A
— — | 3 — 1 |
- . ; = — ' ;— Shor%_ware l*_u
_ | 5 Y ——— — optica
cdl Pressure | : 5 y == = WELAS™ instruments
Ee——————— 4[] ' — Ml ., ' OPC
1B @m Filter
d Humidity | 0 ] f ?amnllng L
— —— Mineralogical /I\
dtemperature] A composition —— Calculated CRI
—— system 5
| o | Dust and SSA
d Flow | iring: fan ; generation
L7777 7777 /I . ' device

liso




BO"N -

40°N

80°s 4 ==

Representation of the global soil

mineralogical composition
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Soil mineralogical database, Journet et al. (2014)
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Selected soils for experiments
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_ _ RED-DUST
Choice of samples from soil bank

- Relevantto UV/VIS Relevant to IR
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Soil and aerosol mineralogy

Soil sieved at 1000 pm
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. . RED-DUST
Synthesis and comparison

UV/Vis IR
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Advancing the prediction of optical properties and
links to mineralogy

(b) d)

Hematite—x10

Ilite Kaolinite
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45% Mass abundances

Scanza et al., ACP, 2014
but also Colarco et al., JGR, 2014; Journet et al., ACP, 2014; Perlwitz et al, ACP, 2015a; 2015b

Imaginary CRI = f (mineral content) ?
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UV/Vis CRI vs mineralogy

RED-DUST
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CALCITE BANDS

IR CRI vs mineralogy
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Ways forward

Account the size-dependent mineralogy when calculating the optical properties
— uses an aerodynamic aerosol classifier

Account particle asphericity when measuring particle size (Huang et al., 2021;
Formenti et al., ESSD, submitted)




CLImate relevant processing of Mineral Dust
by volatile Organic compounds

SOA formation & coating
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One limiting factor

Availability of soil samples for laboratory experiments
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RED-DUST

Relationship between SSA with iron and iron oxide content
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RED-DUST
Dependence on the coarse size fraction

10-min (x10) values per experiment with D between 2 and 4 ym
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Experimental simulations
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Representation of the size

Diatomite debris

Niger, 2000 m asl (AMMA campaign)

* depends on composition too

Hind (1999)



Long-range transported dust - PRIDE experiment
Geometric sizing - Morphology, Mineralogy 1.2 ] — ] '

Geometric/SEM
m— Aerodynamic/DRUM |
T Aerodynamic/MOUDI (Y [ R

Aerodynamic sizing - Mechanical behaviour = Aerodynamic/APS

Off-line method; requires sampling of dust particles on appropriate
substrates; samples are analysed by microscopy techniques. ’

On-line methods; accelerates particles in an air stream and measures
properties, which are proportional to the aerodynamic diameter.

0.8 [---]=—Inversion/Nakajima |- b s e e —

Light Scattering - Optical / radiative properties

On-line method; measures the light scattered by particles at a given
instrument geometry; scattered light is related to particle size for a
calibration particle of spherical shape and known refractive index.

P

Optical Inversion Methods - Radiative properties

d V/d In(d ) Normalized

Off-line method; retrieves the effective diameter of an aerosol from
remote sensing data on spectral extinction and angular scattering
information, delivers column-integrated data.

adapted from Petzold (2008) - | .
0.1 1 10
Particle "Geometric" Diameter, dp (um)

Reid et al. (2003)
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Aerosol sizing

Geometric sizing - Morphology, Mineralogy

Off-line method; requires sampling of dust particles on appropriate
substrates; samples are analysed by microscopy techniques.

Aerodynamic sizing - Mechanical behaviour

On-line methods; accelerates particles in an air stream and measures
properties, which are proportional to the aerodynamic diameter.

Light Scattering - Optical / radiative properties

On-line method; measures the light scattered by particles at a given
instrument geometry; scattered light is related to particle size for a
calibration particle of spherical shape and known refractive index.

Optical Inversion Methods - Radiative properties

Off-line method; retrieves the effective diameter of an aerosol from
remote sensing data on spectral extinction and angular scattering
information, delivers column-integrated data.

adapted from Petzold (2008)
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Figure 1. Conversion factors linking the four different diameter types of aspherical dust. Shown are (a) size-dependent conversions
between the geometric and optical diameters, and size-invariant conversions between (b) the projected area-equivalent and geometric
diameters, and between (c) the aerodynamic and geometric diameters. All three plots account for dust asphericity using the globally
representative shape distributions detailed in Section 2.1. In panel (a), the OPC wavelength is taken as 780 nm, the scattering angle range is,
and the real part of dust refractive index is 1.52. When the imaginary part increases from to and, the intersection optical diameters of red
lines and the 1:1 reference line decrease from , to , and . Sensitivity tests of the conversions between the geometric and optical diameters to
real and imaginary dust refractive indices, wavelength, and scattering angle range are shown in Supplementary Figures S1-S4, respectively.
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A reference size distribution dataset
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Variabilité des propriétés optiques
confirmeé par les observations de terrain
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Dust extinction spectra
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Synthesis and comparison
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