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INTRODUCTION
Background lnG’/‘XS

IN-SERVICE AIRCRAFT FOR A GLOBAL OBSERVING SYSTEM

In-service Aircraft for a Global Observing System

European Research Infrastructure for atmospheric observation
by passenger aircraft since 2014 (MOZAIC: 1994 - 2014)

» Regular in-situ monitoring of essential climate variables

» Provision of data in near real time for Copernicus

Working Fluid:

Butehol

» Open data policy

TAIPEI—>VANCOUVER
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INTRODUCTION

Condensation Particle Counter
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Giechaskiel, B et al. Journal of Aerosol Science 2014, 67,
48-86.
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1) Saturation | 2) Condensation

Bischof, O. F. Dissertation, Verlag des Forschungszentrums Jiilich,
Energie & Umwelt, 2022, ISBN: 978-3-95806-629-8.
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NEED FOR A NEW WORKING FLUID

Requirements

e Low consumption

* Non- Toxic, Non- Flammable, Non- Corrosive, Non- Explosive...

* No GHS symbols would be fine @
e Inexpensive

e Long-term stability

e Should work on a regular/alcohol Condensation Particle Counter
e Same or better Cut-Off efficiencies
e Low pressure application

Water? IJ JULICH
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SEARCHING FOR A NEW SUBSTANCE
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Butanol

OH

Symbol -

Legende

Ordnungszahl ~ Atomgewicht

Name 1
3.16

Symbol Serie (Fl
schwarz = Fesistofl ‘Alkalimetalle Metalle
blau = Fidssigkeit Erdakalimetalle Halbmetalle
ot = Gas Ubergangsmetalle  Nichtmetalle
Lanthanoide Halogene
unterstrichen = radioaktiv Actinoide Edelgase
unbekannt
Schraffur
‘Serie Tot=kg /m* durchgehend = natirliches Element
schwarz = kg / dm? schraffiert = kiinstiiches Element

9

10

Gruppe

Molybdan
857|216 1028[19

Palladium Silber
220 12,02|1193 1049|169

110 281,17

Butanthiol

1367/13

1351013 1478[13
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Substance with

similar chemical/

physical
properties
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NEW WORKING FLUID

y
H,SO,
Sulfuric acid
3

Sulfate

H shift R HPMTF +OH
Hydroperoxymethyl thioformate 1
(HOOCH,SCHO)
MSPO +NO/HO, Short-lived
2 > organosulfur
(*OOCH,SCH,00H)
\ compounds
H shift
(isomerization branch) *+0,/NO,
MSP +NO/ R02 ShOFt-’ived +ox L
Methylthiomethylperoxy radicals (MSA-producing branch) —> organosulfur v
(CH:SCH00) compounds
+OH/Cl *HO,
(H abstraction)
+OH/NO;/ 04/ Cl \
J
+0 +OH r
DMS +OH / BrO / Cl DMSO + MSIA  +OH/0O4 MSA SO +OH
Dimethyl sulfide Additi Dimethyl sulfoxide Methanesulfinic acid > Methanesulfonic acid > Sulf d'2 id H.O ’
(CHSCH;) (Addition) (CH,SCH;0) (CH;SOOH) (CH;SO00H) ulfur dioxide  (H,0)
gaseous 3 \
y
aqueous 4 \ /
DMS +0; DMSO MSI-/MSIA +OH /O, MS-/MSA SO +03/ H,0, SO, 2-
Methanesulfinate Methanesulfonate 2 4
(CH3SCH,) (CH;SCH;0) (CH5S00") (CH,S000-) Sulfur dioxide

| +oH

!

Fung, K. M., et al..: Exploring dimethyl sulfide (DMS) oxidation and implications for global aerosol radiative forcing, Atmos. Chem.
Phys., 22, 1549-1573, https://doi.org/10.5194/acp-22-1549-2022, 2022.
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WORKING FLUID

Particle Activation
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l0g1op = a — — Antonie (1888)
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6imM
Mo d3
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Droplet Diameter [um]

_ 40M . .
)~Lexp (L) = saturation ratio

ORTd

The surface tension of the liquid o, the molecular weight M, the density §, the
general gas constant R, the absolute temperature T and the Kelvin diameter d
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MEASUREMENT SET-UP
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Weber, P., Bischof, O. F., Fischer, B., Berg, M., Schmitt, J., Steiner, G., Keck, L., Petzold, A.,

and Bundke, U.: A New Working Fluid for Condensation Particle Counters for Use in Sensitive

Working Environments, Aerosol Research [preprint], https://doi.org/10.5194/ar-2023-1, in

review, 2023.
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INSTRUMENTS TESTED

CPC - Models

» 5411 Sky-CPC » CEN-3772
GRIMM Aerosol Technik, Ainring, Germany TSI Incorporated, Shoreview, MN, USA
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CPC COUNTING EFFICIENCY

Sodium Chloride — salt particles

= 5411 Sky-CPC

Counting Efficiency CPC / Electrometer

-D50

D-CPC 700 hPa
B-CPC 700 hPa
D-CPC 500 hPa
B-CPC 500 hPa
D-CPC 200 hPa
B-CPC 200 hPa
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= CEN-3772

s 0.4 ,

- " = D-CEN 700 hPa
lg, 0.3 f m B-CPC 700 hPa
S| I » D-CEN 250 hPa
e 1 e B-CPC 250 hPa
go14-8 —-— D50

——Fit
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LINEARITY OF INSTRUMENT RESPONSE

Salt and ambient aerosol

10000 -

CPC Number Concentration [cm™

D-CPC 700 hPa
B-CPC 700 hPa
D-CPC 500 hPa
B-CPC 500 hPa
D-CPC 200 hPa
B-CPC 200 hPa
1—— 1:1 Line

6000 - 10% Error
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D-CPC Number Concentration [cm™]
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DMSO - AN EASY SUBSTITUTE?

Interaction with some rubber-like materials

e O-rings and gaskets

) ... g Silicone instead of:

S Polycarbonate (PC)
s Polyvinylidene fluoride (PVDF) / Kynar®

= u Polyvinyl chloride (PVC)
e i
‘ [ X
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SUMMARY

= Easy substitute for butanol
= Suitable for ambient and low-pressure measurements

= Extension to sensitive working area applications

IJ JULICH
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OUTLOOK

* Pending Patent (Weber and Bundke; FZJ)
= Assessment and approval by the manufactures

= |Investigation of activation of smaller particles (higher saturation ratio)

@) JULICH
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THANK YOU FOR LISTENING

Big Thanks to the Organization Team

QUESTIONS?

l) JULICH
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DMSO

Some more Properties

Freezing Temperature 18 °C!
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© Gaylord chemical ‘J J U LI c H
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AMBIENT AEROSOL
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SKY - CPC 5411

Quality Check — Used Feature

>4.6 um 25-46um <2.5um

UJ JULICH
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FRESH COMBUSTION SOOT

1.0 4

0.8 H

Counting Efficiency CPC / Electrometer

DW-CPC 700 hPa
B-CPC 700 hPa
DW-CPC 500 hPa
B-CPC 500 hPa
DW-CPC 250 hPa
B-CPC 250 hPa
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INTRODUCTION

Aerosol

AVIAlog Dy, (pm3/cm3)
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Wilson, W et al. USEPA U.S. Environmental Protection Agency, Washington, DC, EPA 600/P-99/002aF-bF 2004
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CPC COUNTING EFFICIENCY

Ammonium Sulphate Particles
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DATA ANALYSIS

Procedure

Butanol CPC DMSO CPC Electrometer
Number Concentration Number Concentration Net Charge

A 4

Offset Correction

A 4

Adjustment to CO Multiple Charge
threshold Correction

\ 4

Coincidence Correction

Flow rate correction

A

Counting Efficiency
= CPC / Electrometer

IJ JULICH
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INTRODUCTION

Difference between Water and Butanol

Butanol CPC
Outlet
opcs "y
reservoir
Water CPC
Condenser
Cold
Inlet

IJ JULICH
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CHARACTERISATION

CPC

= Cut-off Efficiency

= Activation for different
particle types

= Concentration Linearity

Mitglied der Helmholtz-Gemeinschaft

and
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Working Fluid

= Vapour Pressure
= Particle Activation

» Long-Term Stability
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INTRODUCTION

Need of a new Working Fluid

Configuration a Configuration b

Package 1 (CNRS)

0, CO (CNRS)
H,0 (F2)
Clouds (UMAN)
DAS (CNRS)

Package 2b (F2)) |He/0;.

NO,

o

flammable

Working Fluid: Buadol; FIM%; Water("2)

|Anf.

o
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ration ¢ Configurationd

Package 1 (CNRS)

0, CO (CNRS)
H,0 (F2))
Clouds (UMAN)
DAS (CNRS)

Package 2d (MPG) | Gl

Gasr
Greenhouse Gases Cal
CO,,CH, H,0,CO |

Gas

Configuration e

Package 1 (CNRS)

0, CO (CNRS)
H,O0  (F2))

Clouds (UMAN)
DA (CNRS)

Package 2e (F2))

Air Quality
aerosol extinction,
number, size; NO,

works only at low pressures
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