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1 Abstract

We have just commenceda laboratory project, the “Optical
Propertiesof Volcanic Ash”. This project will measurevol-
canicashaerosokextinction spectraandthe aerosobparticlesize
distribution. Thesemeasurementwill allow the calculationof
the aerosolcrosssectionwhich is requiredin the analysisof IR
satellte obsenations of ashclouds.Dry, waterice andsulphuric
acid coatedashareto be measuredThetemperatur@angewill
representhat of the tropasphereto the lower stratosjpere. To
facilitatethesemeasurementthe projectextendsthe capability
of the Molecular Spectroscop Facility at the Rutherford Ap-
pletonlaboratory The projecthasbeenfundedby Natural En-
vironmentResearclCouncil (NERC), underits Core-Stratgic
Measurement$or Atmospleric Science(COSMAS) program.
In this poser presentatiorwe describethe currentstatusof the
project.

2 Motivation

Theprojecthasa numberof endaims. Oneof which s to allow
further assessmentf the role of volcanic ashin atmospheric
chemistry andradiatve transfer Applicationsof the measure-
ments:

e For radiatve transferfrom:

— Scatteringsolarradiation.

—Absorpton in theinfrared.
e For chemicalreactions:

— Particles becomecoatedin sulpluric acid, after an erup-
tion causinganincreasan the surfaceareaandvolume of
sulphuric acid aerosolin the stratosplre. Theseactasa
surfaceor volumefor chemicalreactionsandreserwirs of
reactve specieghroughtheuptale of tracegases.

Uncertaintiesin satellte instrumens retrieval schemesof
aerosolparametersre currently limited by our knowledge of
theoptical propertief severalaerosoltypesincluding volcanic
ash. Thus high guality refelence measurementsf the opti-
cal propertiesof volcanicashaerosolswill addvalueto satel-
lite instrumens (for exampleATSR/2,AATSR, MIPAS, MSG,
HIRDLS, TOMS).

Volcanicashcloudsare alsopotentally damagingto aircraft,
causingthe malfunctionof aircraft systemg1]. Silicateparti-
clesin theashcloudscanentertheenginesandmelt. In the past
two decadeswo commerciapassengeaircrat have hadall en-
ginesfall afterflying into an unantcipatedvolcanicashcloud.
Timely satellte detectionof thesecloudswould helpto reduce
this hazard.

3 Method

Theextinction crosssectionis relatedto theopticaltransmisson
by:

T(\) = exp PN

Where;:

T Transmission
5 Volumeextinction coeficient.
x Measuremet pathlength.

Thevolumeextinction coeficientis givenby:

BN = /OOO Text(r, m, A)n(r)dr

Where:

oert  EXtinction coeficient.

r Particleradii.

m Particlecomple refractve index.

A Wavelength.
n(r)dr Number of particles betweenradii » and
T+ dr.

Henceto obtainthe extinction coeficient, ...+ we requirethe
measurementsf the optical transmissn, T' aswell asthe par
ticle distribution, n(r).
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4 Sampes

Figurel The Aso bomb-shéers.

At presentve have onevolcanicashsamplecollectedfromthe
Aso volcaniceruptiansin 1993 This samplehasbeencollected
from a “bomb-shelter’'wherel m to 2 m of ashaccumulated
(seeFigurel). Thisis thoughtto bein a“fresh” statebecaus®f
the ervironmentalprotectionof the bombsheler.

In addition to the volcanic ashwe also hopeto characterize
Saharamdustsamples Figure2 summarize®ut propod mea-
surementcondiions. Also shawvn is the currentmeasurement
priorities.

Conditions Ash | Saharardust

Dry VvV v
0% < RH < 100% +/+/ v/
Ice VvV vV

HoSO, coated | +/\/ vV

VvV = primaryaim.
VvV = secondanaim.
vV = tertiaryaim.

Figure2 Summaryof the samplego be measurd.

We alsointendedo collectandcharacterizadditionalsamples
from othereruptions
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Figure3 Baselineexpermentconfiguration.

The experimentaldesiq is currentlybeingdeveloped.A base
line configurationis shovn in Figure3.

A temperaturecontrolled aerosolcell at the Rutherford Ap-
pleton Laboratory Molecular Spectroscop Facility will be
used[3]. The optical transmissn, T'(\), will be measuredn
an aerosolcell, by using a high resoluton Fourier Transform
(FT) spectrometer

Figure4 ExampleSEM imagesof avolcanicashsamplg2].

We will obtaininformationon the morphologyandbasicpar
ticle sizedistribution of our sampleby usingmicroscopy. This
will also allow the sampletype to be identified. For the sub-
micron particle sizeselectronmicroscoly will be used. Fig-
ures4 and5 shav examplesparticlefields.
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Figure5 Optical microscopy of the volcanicashsample. The width across
theframeis aproximaly 450 pm.

5.1 Aerosolgeneration
Severalaerosolgeneratiortechniguweshave beenidentfied:

e Suspendig the solid aerosolin a volatile fluid, thatis nelu-
lized andthendried.

e Using afluidizedbedgeneratiortechnique.

Thefinal chosemgeneratiommethodwill berequiredto gener
ateasteadycontrolledaerosoffrom our solid sample.

To generatehe ice/water and sulphuric coatedaerosolsthe
solid aerosolwill be passedhoughover eithera sulphurc acid
or waterbath(seeFigure3).

In addition to thesegeneratiortechniqies,if the particlesgen-
eratedare<1 umin radiusit wouldbepossbleto useaDifferen-
tial Mobility Analyser(DMA) to obtainaparticlesize“slice”, of
the generatederosol.This would have the advantageof neatly
separatinghesizedistribution, n(r) from theextinction spectra,

Oext-

5.2 Particle evolution

Duringanexperimentalunthepossihliti esof particleevolution
needdo beaddressedrl his canbefrom thefollowing effeds:

e Sedimentatin. Smallerparticleshave alowerterminalveloc-
ity, hencethe larger particleswill be preferatially removed
from thecell.

e Coagulaton.
e Wall loses.

To quantfy theseeffectsit is planedto measurehe particle
sizedistribution bothontheinlet andoutletof thecell (seeFig-
ure 3).

Theseeffectsarealsoto beincludedaspartof theexperimental
design.For exampletheaerosolgeneratiorshout notintroduce
particleswith aradiusthat would causesignficant sedimenta-
tion duringaspectralmeasurementycle.

5.3 Particle sizemeasurement

We needto measurehe particle size distribution, n(r), in the
aerosol.Severaltechniguedave beenidentified sofar:

e ScanningMobility Particle Sizer (SMPS).In situ measure-
ments,overasizerangeof 0.001umto 1 xum.

e Aerodynamic Particle Sizer (APS). Measurementsn situ
from 0.5 umto 20 um.

Thechoiceof measurent@® methodwill dependntheparticle
sizesavailablein our samples.

For the dry aerosol,the particle size measurementmay be
checled by particle collection using “impactors”, on the inlet
and outlet of the aerosolcell. Thesesampleswould be latter
analysedoy microscoly confirmthe in situ particle size mea-
surements.
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