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Abstract:Theformationmechanismofintragranularferriteswithacicularmorphologywasdiscussed．Theferrites
werecharacterizedbyscanningelectronmicroscopy．Theresultsshowedthattheferriteshadanacicularstructure
withradial,symmetrical,andacicularlaths,andthattheinclusionswerethenucleationsitesoftheintragranularacＧ
icularferrites．Transmissionelectron microscopy (TEM)wasusedtocharacterizetheinclusions．Theresultsof
TEM withenergydispersivespectroscopyandTEMＧselectedareaelectrondiffractionindicatedthatthecomplexinＧ
clusionsconsistedofTiＧAlcomplexoxidesandMnS．Thejaggededgesofthecomplexinclusionscanbeascribedto
theeffectsofthecrystalstructure．ThestabilizationenergyUofthecoordinationpolyhedrongrowthunitsvarieswith
thetypeofconnectionaccordingtothecalculationresults．AlargerU correspondstomorestablegrowthunits,
whichinducesthepreferentiallyorientedgrowthofinclusions,atwhichpointacicularferritesareformed．
Keywords:crystalgrowth;crystalstructure;acicularferrite;inclusion;microstructure

　　TheformationoffineintragranularacicularferＧ
rites(IGFs)isaneffectivewayofrefiningmicroＧ
structure,resultinginanimprovementinstrength
andtoughness[１Ｇ４]．Medinaetal􀆰[５]revealedthatthe
intragranularnucleationofacicularferritesonincluＧ
sionsledtoasignificantdecreaseingrainsizeto
nearly５０％．Theprincipalroleofinclusionsisto
provideaninertsurfacefortheheterogeneousnucleＧ
ationofacicularferritelaths[６]．Extensiveresearches
havebeencarriedoutonthecrystallographicorienＧ
tation relationship between inclusions and ferＧ
rites[７Ｇ９]．Jinetal􀆰[１０]demonstratedthatoneormore
ferritegrainsnucleatefromasingleTiNparticlebut
allferritegrainshaveaBakerＧNutting(BＧN)orienＧ
tationrelationship withtheTiN particle．TheobＧ
servedBＧNrelationshipbetweentheintragranular

ferritegrainsandtheTiNparticlessuggeststhatthe
intragranularnucleationofferritesfromthesecomＧ
plexinclusionsispromotedbythecrystallographic
coherencyofTiN withtheferrites．However,few
studieshavefocusedonthecrystalstructurerelaＧ
tionshipbetweeninclusionsandintragranularacicuＧ
larferrites．
　　Therelationshipbetweencrystalstructureand
growthunitshasbeenstudied[１１Ｇ１３]．Basedonthe
theoreticalmodelofcoordinationpolyhedrongrowth
units,ZhongandHua[１４]demonstratedtherelationＧ
shipbetweenthecrystalmorphologyandtheorienＧ
tationofanioniccoordinationpolyhedrainisomer
(rutile,brookite,andanatase)andallomer(corunＧ
dum,hematite,andilmenite)crystals．Thecrystal
habitsofthesecrystalswerefoundtoberelatedto



thestabilityoftheanioniccoordinationpolyhedron
growthunits．IntrimorphsofTiO２ (rutile,brookＧ
ite,andanatase),theoctahedral[TiＧO６]８－isconＧ
sideredtobethegrowthunit．SincethecrystalloＧ
graphicorientationofthisgrowthunitisdifferentin
eachofthetrimorphcrystals,thecrystalsshowdifＧ
ferentmorphologies．Incorundum (Al２O３),hemaＧ
tite(Fe２O３),andilmenite(FeTiO３),theanionic
coordinationpolyhedraare[AlＧO６]８－ ,[FeＧO６]８－ ,
and [TiＧO６]８－ ,respectively．Thesegrowthunits
havethesameorientationandcombinationmanner;
therefore,theallomercrystalshaveverysimilar

morphologies[１５]．
　　Despitewhathasbeenachievedsofar,thereis
aneedforasystematicinvestigationintotheformaＧ
tionmechanismofacicularferritesandtheeffectof
crystalstructureontheacicularmorphology．This
studyhasthereforefocusedonthesetopicsinorder
todiscusstheformationmechanismofacicularferＧ
ritesfromacrystallographicpointofview．

１　ExperimentalProcedures
　　Theexperimentalmaterialswere４５steelrods,
whosechemicalcompositionisshowninTable１．

　　　　　　　Table１　Chemicalcompositionofthematerialsused　　　　　　　mass％

C Si Mn P S V Cr Al Ti N

０􀆰４７ ０􀆰２７ ０􀆰７５ ≤０􀆰０１５ ≤０􀆰０２０ ０􀆰０８ ０􀆰２０ ０􀆰０２０ ０􀆰０１２ ０􀆰０１００

　　The４５steelrodswerecutintospecimensofϕ３
mm×８mm．Thereafter,thesteelsampleswereheat
treatedusingahighＧtemperatureconfocalscanlaser
microscope(HTCSLM)withahighaccuracyheatＧ
ing/cooling system．These specimens were ausＧ
tenizedinargongasat１１５０℃for１０min,cooledto
５００℃atarateof３０℃/min,andthencooledagain
toroomtemperatureatarateof１００ ℃/min．The
microstructuresofthetransformedspecimenswere
observedviascanningelectron microscopy (SEM)
andtransmissionelectronmicroscopy(TEM)．Nital
(４vol􀆰％)wasusedasanetchantforSEMobservaＧ
tiononanS４８００instrument．Thinfoilspecimens
havingdiameterof３mmwerepreparedforTEMby
mechanicalthinningfollowedbyargonionthinning．
ConventionalTEMobservationwasperformedusing
JEOL２０１０operatedat２００kV．Thecompositionof
theinclusionswasidentifiedviaTEMＧenergydisperＧ
sivespectroscopy (EDS)andselectedareaelectron
diffraction(SAD)．
　　DetailedcrystaldataforMnSaresummarizedin
Table２,where,a,bandcarethelatticeconstants;
α,β,andγaretheanglesbetweenbandc,aandc,
aandb,respectively;andZisthenumberofatoms
inunitcell．Thestructureswerevisualizedwiththe
DIAMOND３􀆰０program[１６]．

２　ResultsandDiscussion
２􀆰１　Characterization
　　Fig􀆰１showstheSEM micrographsofthetransＧ
formedspecimens．Themicrostructurewasdominated
byIGF,mainlyacicularferrites．Theacicularferrite

Table２　CrystallographicdataforMnS
Formula MnS
Molecularmass ８７􀆰０１０
Crystalsystem Cubic
Spacegroup FＧ４３m (２１６)

Wavelength,FeKα１/nm ０􀆰１９３５９７
a/nm ０􀆰５６１２０
b/nm ０􀆰５６１２０
c/nm ０􀆰５６１２０
α/(°) ９０􀆰０００

β/(°) ９０􀆰０００
γ/(°) ９０􀆰０００
Cellvolume/nm３ ０􀆰１７６７４７
Z ４

has an intragranularly nucleated morphology in
which there are multipleimpingements between
grains(Fig􀆰１(a))．Theseacicularferritesintersect
eachotherandhaveobviouslynucleatedonanincluＧ
sion(Fig􀆰１(b))．TheneedleＧlikelathsofacicular
ferritecannucleateontheinclusionintwodifferent
ways:engulfednucleationorstarＧlikenucleation．In
thefirstcase,theinclusionsareengulfedmainlyby
thelathsofacicularferrites．ThesecondtypeofnuＧ
cleationcreatesaninterlockingacicularferrite miＧ
crostructure．
　　Fig􀆰２showstypicalinclusionＧinducedintragranＧ
ularferrites．TheinclusionsaresurroundedbyferＧ
ritelathsof３－５μminwidthand１０－２０μmin
length．Theseferritelathsareradial,symmetrical,
andacicular,andthenumberofferritelathsnucleated
ononeinclusionistwo,four,andsix(Figs􀆰２(a)－２
(c)),respectively．Thecorrespondinganglesbetween

７８５Issue６　　　　　RelationshipbetweenCrystalStructureofInclusionsandFormationofAcicularFerrites　



Download English Version:

https://daneshyari.com/en/article/1628096

Download Persian Version:

https://daneshyari.com/article/1628096

Daneshyari.com

https://daneshyari.com/en/article/1628096
https://daneshyari.com/article/1628096
https://daneshyari.com

