
/ntroduction

6ineral1dust1is1regularly1transported1from1the1Saharan1desert
across1the1“tlantic1Ucean1to1the1:aribbean1vRidley1et1al31BEPBw3
=uring1their1transportJ1dust1particles1may1undergo1aging1and1mix
sea5salt1or1secondary1aerosol1particles1like1sulfates1or1organics3
This1aging1alters1the1hygroscopic1behavior1like1growth1factor1and
deliquescence1relative1humidity1and1therefore1affects1the
physical1and1chemical1properties1of1the aerosol31;urthermoreJ1in
the1:aribbean1large1quantities1of1soluble1particles1are1admixed
to1the1aged1desert1aerosol3

;rom1+une1PE1to1+uly1P41BEP9J1the1 Saharan1“erosol1Kong5range
Transport1and1“erosol5:loud5/nteraction1Hxperiment
vS“KTR“:Hw1took1place31=uring1that1period1aerosol1samples
were1collected1ground5based1at1Ragged1äointJ1Xarbados
vP9°W’4’3’”–J14W°B4’443N”Ww

Sampling1and1“nalysis

äarticle collection

• single1round1jet1cascade impactor

• 4E-1efficiency1cutoff1size1of1approximately1P3P1µm

• –ickel1substrate1vgood1thermal1conductivity1k1no1interference
with1measured1elementsw

• collection time between PE and ’4 minutes depending on dust
situation

“nalysis

P31„:hemical“ run

• automated environmental scanning electron microscopy with
energy dispersive X5ray spectroscopy3

• environmental parameters• temperature T1z1BE°C;wH2Owpartial
pressurewew=w1wmbar

• 25 fields of size 73.79wµmwxw57.76wµm were analysed on each
sample

• quantification of single particle chemical composition

• classification1according1to1chemical1composition

B31/mage run

• relative humidity vRVw is increased in steps ve1z1’341mbar1z
const3j1T1z decreasingw

• PB1RV5steps between 4E1-RV and WB1-RV

• “fter every RV increase electron microscope images of the
exact same fields as in the „chemical“ run are recorded

931/mage processing and drop parameter acquisition

• every image undergoes various image processing stepsJ
which lead to segmented single droplets

• from the segmented droplets their respective diameter is
derived

• by matching the position of the particle and the dropletJ to
each individual particle the chemical composition and the size
of the respective droplet at1a certain RV value can be
assigned

• the image processing and the matching of particle and droplet
data was automated in1a1äython algorithm

Growth1factor

6ethodology

• with1“tomic1;orce16icroscopy1v“;6w1the195dimensional
shape1of1some1drops1at1various1relative humidities were
measured

• contact angles and volume of the drops were determined

• with that an empirical formula for the correlation between drop
diameter =drop and volume Vdrop was derived •

• the growth factors v;ig31Bw were calculated by•

• most abundant particle classes are sea5salt vlow :l5S indexw
and soluble sulfates

• the :l5S indexJ defined as SLvSF:lwJ was introduced as an
simple indicator for how much aging the particle underwent

Results

• the gap between the theoretical growth factors and the
observed ones in1;ig31B shows that aging affects the growth
factor indeed

• silicates formed dropletsJ1but it was only a small fraction
v%4-w of the total amount of silicate particles and only at1high
relative humidity3 This behviour is1corroborated1by1the
chemical1analysesJ1showing1that1only1a1minor1fraction1of1the
dust1particle1are1internally1mixed1with1considerable1amounts
of1sulfate1or1sea5salt

• ;urther investigation of aircraft samples directly out of the
Saharan “erosol1Kayer1vS“Kw1will show if the silicates
hygroscopical behaviour is due to impurities vlike sea5saltJ
sulfateJ1etc3w the particle has took up in the älanetary
Xoundary Kayer1väXKw

Refractory1fraction

• ;or1sub14EE1nm1particlesJ1the1hygroscopic1growth1method
could1not1yet1be1applied31/nsteadJ1we1show1single1particle
analyses1of1the1refractory1L1non5refractory1fraction1hereJ1which
supposedly1will1yield1also1information1on1the1soluble1volume
of1the1particles3

• the1high1energy1electron1beam1of1an Transmission1Hlectron
6icroscope1vTH6w1was1used1to1evaporate1the1volatile1fraction
of1small1sulfate1particles1v;ig39w

• sample1also taken at Ragged äoint during S“KTR“:H1BEP9

• about PL9 of all1P4N1in this way analysed particles have
inclusions

• PB- of the particles have inclusions larger than PE- of the
whole particle

• the refractory components of internal mixtures with sulfate are
mostly soot

References

äettersJ161=J1and1S16 <reidenweis31BEEN31““1Single1äarameter1Representation1of
Vygroscopic1Growth1and :loud1:ondensation –ucleus1“ctivity3”1“tmos31:hem3
ähys3•1PW”P–PWNP3

RidleyJ1=31“3J1:31K3 VealdJ1and1X31;ord31BEPB31“–orth1“frican1=ust1Hxport1and
=eposition•1“1Satellite1and16odel1äerspective3”1+ournal1of1Geophysical1Research•
“tmospheres1PPN1vBw• P–BP3

631VartmannJP K35U31VeimJB 631HbertPJ1S31WeinbruchPJ1<31<andlerP

Vygroscopic1properties1of1large1aerosol1particles1using1the1example1of1aged
Saharan1mineral1dust – a1semi5automated1electron1microscopy1approach

P Hnvironmental16ineralogyJ1/nstitute1for1“pplied1GeosciencesJ Technische Universität =armstadtJ1Germany
B Hxperimental1/nterface ähysicsJ1:enter of Smart1/nterfacesJ1Technische1Universität1=armstadtJ1Germany

;igure1P3 Schematic1of1the1necessary1steps1for1data1acquisition3

;igure B3 Growth1factors1for1different1classes31The1semi5transparent
areas1indicate1the1range1of1the1theoretical1growth1factors1for –a:l
vbluew1and1sulfate1species1vyelloww1derived1from äetters et1al31vBEENw
and1references1within3 “t1lower humiditiesJ1where1no1curve1is
shownJ1hygroscopic1growth1could1not1be1observed3 Ss z1sea5saltJ
:l5S1z1chlorine5sulfur1indexJ Sil z1silicate31;or1reasons1of1clarity1nor
error1bars1are1shown3

;igure 93 Hxample1of1TH61bright1field1images1of1two1particles before1vleftw1and1after
vrightw1after1their1volatile1fraction1was1evaporated3
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