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Motivation: Overview

Major sources of soot are:
= Transportation (fossil fuel);

= |ndustrial and residential (solid fuel);
= Biomass burning.

Why it is challenging?

Diverse sources makes it harder to
guantify the emissions and understand
the effect of soot particles on climate

system ( aerosol direct and indirect
effects).
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Black Carbon (BC) Aerosol Processes in the Climate System

Aircraft emissions s = ey
:'-:"'_‘.' 3—'._,__5 b hc:lnudclﬁcq:::':u.l-rming orcocling
“ e BC rdetion affedts
Seattered solar o ,:':@. Aerosol lofting
radiation v qﬁo& - a B o wmlnn_ﬂ-r— —ll,
,,""_'F B ks ) D L 'a"ﬂﬂ.‘# ot _,_,'-} By -
b A | T ,.,,:’*%Pﬂuani}.mmmw £ Mired-phase coud eMects:.
Fa F\\'-".-'-\I Fae=t =22 1] a’m":l'l Hﬂn{eam"gtu o wﬂ'ﬁ“e &t MNetwarming framBC ™ 4
Liquid eloud effects: Net cooling - ¥ and dimming of nucleation effects
from BC albedo, lifetime, and :'j (ol oasseas
rvemi-direct effects 1 - N
O A Verticaladvection
and mixing \
BC scavenging and
wet remaval by precipitation Surface depesition . =
of BC by rain #
and snow o=

Intereontinental and regional transport of internally
and externally mixed BC-containing particles

Surface warming
by BE depesition to
rid-latitude snow and ...

and sea ice

Bond et al. (2013)



Motivation: Scientific understanding is LOW

Our
understanding of
how soot particles
nucleate ice is
very low.

Global climate forcing of black carbon and co-emitted species in the industrial era (1750 - 2005)
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Experimental Methodology: Overview R torthwest

See Rahul’s poster for overview results.
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Objectives gl orthwest
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Diesel soot particles were chemically and thermally treated to mimic the atmospheric aging
and mixing state.
Four experiments described here.

Bare soot
(1) 'ﬁ > [N ?

Coated soot

(2) > IN ?
Compact soot

+TD —> % —> IN?

(3)
Coagulation: Aged > 10 hours

(4) "-Q@—

IN: Ice Nuclei properties
TD: Thermodenuder (heated to 300C to remove coating)



Size distribution and morphology of bare, coated s erthest,.
and TD soot particles e

Thin coated example

120 nm (bare soot) ~280 nm (coated soot)
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Figure courtesy of Alla Zelenyuk, Michigan Tech U. group, Rahul Zaveri



IN results:

Relative humidity with respect to ice (RH,) required for detection of 1% of particles

-45C

as IN for different soot treatments.
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IN results

- -50C

Similar story here.
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Comparison with other studies

RH; (%)
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Diesel soot (present)

Diesel soot - Chou ct al (2013)

Diesel aged soot - Chou et al (2013)
Graphite soot - Mohler et al (2005)
Lamp black soot - DeMott et al (1999)
Various soot - Kohler et al (2009)
Graphite soot - Kanji et al (2011)
Propane soot - Crawford et al (2011)

K< PRO®

= Koop et al (2000)
- Water saturation

IN efficiency depends upon fuel source and combustion technique.



Parameterization using ice active site density PacficNorthwest
approach for cloud model

FW:
Compare with oth
aerosol Ns fits.
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1
NS = — K ]n{l —_ Fice (RHice)} Niemand et al. (2012)

\(\ From ice chamber

Soot surface area
(spherical
assumption)
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measurements.
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Ice nucleating properties of bare, coated, thermally, and coagulated diesel
soot particles was investigated during recent SAAS (Soot Aerosol Aging Study)
campaign.

Preliminary data shows that:

v’ Bare soot particles are efficient IN in deposition mode.

v’ Coated soot particles require higher RH conditions to classify them as IN.
v' Thermo denuded soot particles show similar IN efficiency as bare particles.
v’ Coagulation did not modified the IN efficiency compared to bare particles.

In general, the results suggest that coating reduces IN efficiency and soot
morphology plays a small role towards nucleating ice.
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