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1 Abstract
We have just commenceda laboratory project, the “Optical
Propertiesof Volcanic Ash”. This project will measurevol-
canicashaerosolextinction spectraandtheaerosolparticlesize
distribution. Thesemeasurementswill allow the calculationof
theaerosolcrosssectionwhich is requiredin theanalysisof IR
satelliteobservationsof ashclouds.Dry, watericeandsulphuric
acidcoatedashareto bemeasured.Thetemperaturerangewill
representthat of the troposphereto the lower stratosphere. To
facilitatethesemeasurementstheprojectextendsthecapability
of the Molecular Spectroscopy Facility at the RutherfordAp-
pletonlaboratory. The projecthasbeenfundedby NaturalEn-
vironmentResearchCouncil (NERC),underits Core-Strategic
Measurementsfor Atmospheric Science(COSMAS)program.
In this poster presentationwe describethecurrentstatusof the
project.

2 Moti vation
Theprojecthasa numberof endaims.Oneof which is to allow
further assessmentof the role of volcanic ash in atmospheric
chemistry, andradiative transfer. Applicationsof the measure-
ments:

For radiative transferfrom:

– Scatteringsolarradiation.

– Absorption in theinfrared.

For chemicalreactions:

– Particlesbecomecoatedin sulphuric acid, after an erup-
tion causingan increasein thesurfaceareaandvolumeof
sulphuric acid aerosolin the stratosphere. Theseact asa
surfaceor volumefor chemicalreactions,andreservoirs of
reactivespeciesthroughtheuptake of tracegases.

Uncertaintiesin satellite instruments retrieval schemesof
aerosolparametersare currently limited by our knowledgeof
theopticalpropertiesof severalaerosoltypesincluding volcanic
ash. Thus high quality referencemeasurementsof the opti-
cal propertiesof volcanicashaerosolswill addvalue to satel-
lite instruments (for exampleATSR/2,AATSR,MIPAS, MSG,
HIRDLS, TOMS).

Volcanicashcloudsarealsopotentially damagingto aircraft,
causingthe malfunctionof aircraft systems[1]. Silicateparti-
clesin theashcloudscanentertheenginesandmelt. In thepast
two decadestwo commercialpassengeraircraft have hadall en-
ginesfail after flying into an unanticipatedvolcanicashcloud.
Timely satellite detectionof thesecloudswould help to reduce
this hazard.

3 Method
Theextinction crosssectionis relatedto theopticaltransmission
by:

Where:

Transmission.
Volumeextinction coefficient.
Measurement pathlength.

Thevolumeextinction coefficient is givenby:

Where:

Extinction coefficient.
Particleradii.
Particlecomplex refractive index.
Wavelength.
Number of particles betweenradii and

.

Henceto obtaintheextinction coefficient, we requirethe
measurementsof theoptical transmission, aswell asthepar-
ticle distribution, .

4 Samples

Figure1 TheAsobomb-shelters.

At presentwehaveonevolcanicashsample,collectedfromthe
Aso volcaniceruptionsin 1993. This samplehasbeencollected
from a “bomb-shelter”where1 m to 2 m of ashaccumulated
(seeFigure1). This is thoughtto bein a“fresh” statebecauseof
theenvironmentalprotectionof thebombshelter.

In addition to the volcanic ashwe also hopeto characterize
Saharandustsamples.Figure2 summarizesout proposedmea-
surementconditions. Also shown is the currentmeasurement
priorities.
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Figure2 Summaryof thesamplesto bemeasured.

Wealsointendedto collectandcharacterizeadditionalsamples
from othereruptions.

5 Experimental design
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Figure3 Baselineexperimentconfiguration.

Theexperimentaldesign is currentlybeingdeveloped.A base
lineconfigurationis shown in Figure3.

A temperaturecontrolledaerosolcell at the RutherfordAp-
pleton Laboratory, Molecular Spectroscopy Facility will be
used[3]. The optical transmission, , will be measuredin
an aerosolcell, by using a high resolution Fourier Transform
(FT) spectrometer.

Figure4 ExampleSEMimagesof a volcanicashsample[2].

We will obtaininformationon themorphologyandbasicpar-
ticle sizedistribution of our sampleby usingmicroscopy. This
will also allow the sampletype to be identified. For the sub-
micron particle sizeselectronmicroscopy will be used. Fig-
ures4 and5 show examplesparticlefields.

Figure5 Optical microscopy of the volcanicashsample.The width across

theframeis aproximatly 450 m.

5.1 Aerosolgeneration
Severalaerosolgenerationtechniqueshave beenidentified:

Suspending thesolid aerosolin a volatile fluid, that is nebu-
lized andthendried.

Using a fluidizedbedgenerationtechnique.

Thefinal chosengenerationmethodwill berequiredto gener-
atea steadycontrolledaerosolfrom our solid sample.

To generatethe ice/water and sulphuric coatedaerosols,the
solid aerosolwill bepassedthoughover eithera sulphuric acid
or waterbath(seeFigure3).

In addition to thesegenerationtechniques,if theparticlesgen-
eratedare 1 min radiusit wouldbepossibletouseaDifferen-
tial Mobilit y Analyser(DMA) to obtainaparticlesize“slice”, of
thegeneratedaerosol.This would have theadvantageof neatly
separatingthesizedistribution, from theextinctionspectra,

.

5.2 Particle evolution
Duringanexperimentalrunthepossibiliti esof particleevolution
needsto beaddressed.This canbefrom thefollowing effects:

Sedimentation. Smallerparticleshavealowerterminalveloc-
ity, hencethe larger particleswill be preferentially removed
from thecell.

Coagulation.

Wall loses.

To quantify theseeffects it is planedto measurethe particle
sizedistribution bothon theinlet andoutletof thecell (seeFig-
ure3).

Theseeffectsarealsoto beincludedaspartof theexperimental
design.For exampletheaerosolgenerationshould not introduce
particleswith a radiusthat would causesignificant sedimenta-
tion duringaspectralmeasurementcycle.

5.3 Particle sizemeasurement
We needto measurethe particlesizedistribution, , in the
aerosol.Severaltechniqueshavebeenidentifiedsofar:

ScanningMobili ty Particle Sizer (SMPS).In situ measure-
ments,over asizerangeof 0.001 m to 1 m.

Aerodynamic Particle Sizer (APS). Measurementsin situ
from 0.5 m to 20 m.

Thechoiceof measurement methodwill dependontheparticle
sizesavailablein our samples.

For the dry aerosol,the particle size measurementsmay be
checked by particle collection using “impactors”, on the inlet
and outlet of the aerosolcell. Thesesampleswould be latter
analysedby microscopy confirm the in situ particlesize mea-
surements.
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