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SubstructureSubstructure Dynamics: Dynamics: InIn--
situsitu Experiments Experiments coupledcoupled
with with NumericalNumerical ModellingModelling

WhatWhat dodo I I wantwant to to dodo with Elle?with Elle?

Verity Verity BorthwickBorthwick

WhyWhy ImportantImportant??

UnderstandingUnderstanding subtructuralsubtructural changeschanges
decipheringdeciphering tectonictectonic historyhistory
ExaminingExamining microstructuresmicrostructures cancan allowallow ––
interpretation of deformation interpretation of deformation processesprocesses
and and estimationestimation of of conditionsconditions
WeWe are are viewingviewing final final stagestage difficultdifficult to to 
interpret interpret whatwhat has taken has taken placeplace
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AboutAbout substructuressubstructures
DuringDuring deformation deformation strainstrain energyenergy storedstored --
pointpoint defectsdefects and and dislocationsdislocations
RecoveryRecovery –– pointpoint defectsdefects and and dislocationsdislocations
of the of the oppositeopposite signsign annihilatedannihilated
DislocationsDislocations of of similarsimilar signsign alignalign to form to form 
boundariesboundaries
As As moremore dislocationsdislocations addedadded misorientation misorientation 
of of boundaryboundary increasesincreases
In this In this studystudy –– interestedinterested in in LowLow angleangle
boundariesboundaries ((LABsLABs) ) -- <15degs <15degs 

ExperimentsExperiments

InIn--situsitu heatingheating experiments in the SEM experiments in the SEM ––
provideprovide info on info on dynamicdynamic changeschanges occuringoccuring
with with annealingannealing
Rocksalt chosen Rocksalt chosen –– goodgood analogueanalogue for for 
silicatesilicate materialsmaterials
SamplesSamples heatedheated a a numbernumber of of timestimes and and 
ElectronElectron BackscatterBackscatter DiffractionDiffraction (EBSD) (EBSD) 
mapsmaps taken to taken to collectcollect info info aboutabout
crystallographiccrystallographic orientationorientation
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The ProblemThe Problem

SubstructuresSubstructures inherentlyinherently complexcomplex
Not Not doingdoing whatwhat theythey shouldshould dodo accordingaccording
to to currentcurrent modelsmodels –– shouldshould remainremain fairlyfairly
fixedfixed with with subgrainssubgrains increasingincreasing in in sizesize
This This doesdoes not not happenhappen –– havehave observedobserved
duringduring heatingheating -- substructuressubstructures are mobile are mobile 
–– rearrangingrearranging, , dissipatingdissipating, , increasingincreasing or or 
decreasingdecreasing in misorientationin misorientation

ResultsResults
ResultsResults havehave shownshown a a numbernumber of of 
interestinginteresting features features includingincluding::
intragranularintragranular -- substructuressubstructures

rearrangingrearranging in in responseresponse to a to a changechange in the in the 
EulerEuler angleangle orientationorientation of the grainof the grain
intergranularintergranular -- relatedrelated to the to the 

substructuresubstructure densitydensity of the grain of the grain ––
includingincluding dictatingdictating howhow muchmuch changechange and and 
whetherwhether it it willwill engulfengulf grains grains aroundaround
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Changes in Changes in 
EulerEuler AngleAngle
OrientationOrientation

SubstructuresSubstructures::
rearrangingrearranging
dissipatingdissipating
formingforming

MoreMore ResultsResults

the the increaseincrease and and decreasedecrease of of 
substructuresubstructure densitydensity with with regardregard to HAGB to HAGB 
migrationmigration

the the inheritanceinheritance of of substructuressubstructures from from 
engulfedengulfed grains by the grains by the growinggrowing graingrain

a a comparisoncomparison of misorientation of misorientation angleangle
distributions distributions growinggrowing grains vs grains vs nonnon--
growinggrowing grainsgrains
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NumericalNumerical ModellingModelling
Lots of Lots of weirdweird thingsthings happening that happening that needneed
to be to be explainedexplained
Can Can examineexamine the the effecteffect of of variousvarious
processesprocesses and and theirtheir theoreticaltheoretical
foundationsfoundations by by varyingvarying parametersparameters
CombiningCombining inin--situsitu heatingheating experiments experiments 
with with numericalnumerical modellingmodelling –– wewe cancan
comparecompare resultsresults and and refinerefine
Focus first on Focus first on substructuressubstructures withinwithin singlesingle
grain grain –– thenthen expandexpand to to includeinclude HAGB HAGB 
migrationmigration
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ConclusionsConclusions

InIn--situsitu heatingheating experiments experiments allowallow usus to to 
observesobserves dynamicdynamic changeschanges in in 
substructuressubstructures
ResultsResults show that show that substructuressubstructures are not are not 
behavingbehaving as as expectedexpected
BeneficialBeneficial to to conductconduct moremore inin--situsitu heatingheating
experiments experiments coupledcoupled with with numericalnumerical
modellingmodelling usingusing the Elle programthe Elle program

Misorientation Misorientation AngleAngle Distribution Distribution 
ComparisonsComparisons

(i) non-growing grains which have >65% 1º 
LABs and <5% 3º LABs, and 

(ii) growing grains which have <65% 1º LABs
and >5% 3º LABs
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