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EROST - LACIS measurement setup

EROSII: EReezing and activation abilities
Of coated and uncoated mineral
duST particles

= Freezing with LACIS (IfT)
= Hygroscopic growth with HH-TDMA (IfT)

= Activation with CCNC (IfT and University of
Vienna)

= Chemical composition with AMS (University of
Mainz, FZ Julich, and IfT)

= Particle morphology through TEM-Analysis
(MPI for Polymer Research, Mainz )



EROST - LACIS measurement setup

Eirst fireezing measurements with LACIS

Infilence of different coatings: en freezing
BERaVIoK Of dUSt pParticles

x Arizena liest Dust (ATD)
particles O-.; = 300nm

s Vanoeus coatings:
Uncoeated, C,H:0,, H,SO,
(50°C andi 70°C), (NH,),SO, fraty

ATD:  SiO,, ALO,, ..




EROST - LACIS measurement setup

DMA

Ty2=0°C

T,3=0°C
Vst~ 026
s =, 0%

T,.s =0°C, variable

T,.7 = variable
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EROST - LACIS measurement setup

temperature profile Tdin=-7°C, 300nm uncoated ATD
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6

last two sections x [m]




EROST - LACIS measurement setup

saturation profile with respect to water
Tdin=-7°C 300nm uncoated ATD
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saturation profile with respect to ice
Td\=-7°C 300nm uncoated ATD
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EROST - LACIS measurement setup

last two sections isothermal for different wall temperature
adjustments

Tdpn=-7°C 300nm uncoated ATD
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Results

Measurement with last one meter section; 300 nm uncoated ATD
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Results

Measurements with last two sections; 300 nm uncoated ATD particles
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'8 \Water droplets vanish completely - only seed particles and
Ice crystals remain
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Results

Ice fraction for all types of particles 2 D, = 300nm
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Results

coated with C,H O, (80°C)

coated with H,SO, (50°C)
ated wi O 0°

particles to act as IN is not related to water
activity'.

it should be noted that the 3

wet diameter [nm]

92 94 96 98 pure CHO, HSO, HSO, (NH,),SO,
relative humidity [%] (50°C) (70°C)
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Results

A fit procedure, based onia simplified CNT type nucleation rate
Expression was, performead

o Assumptions: 1. constant nucleation rate (constant /:)
2. Stochastic pPrecess

fiu:.e. =1 - EXp (_L‘*’hett)
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Results

Ice fraction for all types of particles - including fitted curves

1

uncoated

coated with C ,H O, (80°C)
coated with H.SO, (50°C)
coated with H.SO, (70°C)
coated with (NH,),SO, (70°C)

38 40 42

T, [K]




Conclusion and Outlook

Influence off different coatings on| fireezing ehavior: of
dust particles (2., = 300nm) was investigated

Uncoated particles;and thoese withr €,H:0,, or thin
1H550), coatings show: similar freezingl Denavior

Particles withr thick 55S0), o with (INH,,),SO), coatings
start to serve as N at lewer superceeling
temperature

A CNi-type: rater expression was: suceessiully: applied
10 parametenze measureaice: firactiens

PUBlIcationNs Inf preparation:
LACIS for ice nucleation studies: (1)
Immersion fireezing of coated/uncoeated ATD

Determinations off ceating withr AMS (Mainz)
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EROST - LACIS measurement setup

FROST I

= Freezing with CFDC (CSU), PINC (ETH
Zurich), FINCH (Uni Frankfurt), and LACIS
(IfT)

= Hygroscopic growth with H-TDMA (FZJ)
= Activation with CCNC (IfT)

= Chemical composition with AMS (University of
Mainz) and ATOFMS (ETH Zurich)

= Particle morphology (IfT, MPI Mainz, ...)
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Conclusion and Outlook

EROST I (March/Apnili 2009) and afternwarads:

Infltience of surface changes oni IN ability: = Do
surface: treatments (coatings, neating, denauding)
change the: INFability ofi ATID: particles 2 (VES)

Infiuence of particles sizeren N anility: >Ereezing
experments with' larger moenoedisperse: ATD
particles (= Lum) (Lo5HE6ED)

USing new: optical device terdetermine:ice
fractions (TOPE-ICE andl SID) (777! progréss)
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Results

[reatment Ice fraction for T, = 35K
Pure ATD 5.83% (+/-3.33%)
Pure ATD + TD 3.84% (+/-2.41%)

| ATD + H,SO, 70°C 1.23% (+/-0.72%)
ATD + H,SO, 70°C + TD 0.06% (+/-0.03%)

ATD + H,S0, 70°C + H,O bath 0.27% (+/-0.16%)
+ NH,

ATD + H,SO, 70°C + H,O bath 0.40% (+/-0.21%)
+ NH, + TD
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THE END
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EROST - LACIS measurement setup

Which freezing medes occur?

Homogenous freezing ? Q
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Results

Ice fractions for 300 nm uncoated ATD particles
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Results

Ice fraction for all types of particles 2 D, = 300nm
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Results

Which freezing medes occur?

Homogenous freezing Q
—> occurs for 7. = 38K

S

Deposition freezing ? u
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Results
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Results

Which freezing medes occur?

Homogenous freezing Q A <:>

- occurs for 7. > 38K
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UCPUQ'L'U' 1 11 CTCLIl |u

- excludable because of extra performed measurements

Evaporation freezing ? @ Sl o DAY
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Results

7, = -7°C

T IR AATI Model Calculations
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Results

Which freezing medes occur?

Homogenous freezing Q ” <:>

—> occurs for 7, = 38K

NAanAcitiAnn fransinn~ &
UCPUQ'L'U' 1 11 TCLIl |H |:| »

- excludable because of extra performed measurements

CryrinnmAavatiAnn fransinn~
LVC!.'JUIG.LIUII IICCLIIIU e —

—> also excludable

I,<T;

Immersion freezing @ @ —'@

—> occurring heterogeneous freezing mode
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