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PeriodicLayeredStructureFormedduringInterfacialReaction
XianＧmanZHANG,　HongＧfengLUO,　LiuＧyongSHI

(InstituteofElectricalandMechanicalEngineering,HainanUniversity,Haikou５７０２２８,Hainan,China)

Abstract:Areviewoftheperiodiclayeredstructure(PLS)formedduringreactivediffusionwaspresented．TheforＧ
mationofPLSisaveryinterestingandcomplexphenomenonduringthereactivediffusionprocess．ItwasfirstlydisＧ
coveredoccasionally．TheformationofPLShasbeenreportedinvarioussolidstatediffusioncouplessuchasZn/
Ni３Si,Mg/SiO２,Zn/CuxTiyandsoon,andsomecontroversialtheoreticalmodelsandformationmechanismofPLS
wereputforward．However,therehavebeenfewreportsaboutthePLSformedduringhotdip．Thedevelopmentof
PLSwasreviewed,andtherecentprogressreferringtotheformationofPLSduringthehotdipaluminizingofanoＧ
velFeＧCrＧBcaststeelwasespeciallyintroduced．However,notalloftheboridescouldformPLSintheirinterfacial
reactionwithmoltenAl．PLSonlyformedattheCrＧrichFe２B/Alinterface,whileMoＧrichFe２Bfractured．Ageneral
qualitativedescriptionfortheinterfacialreactionofFeＧCrＧBcaststeelwithmoltenAlwasrepresented．FurtherinvesＧ
tigationontheconstituentsofthealternatingphasesandformationmechanismofPLSneedstobedone．Atlast,the
developmenttrendsofPLSwereproposed．
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　 　 The interesting periodic layered structure
(PLS)formedduringinterfacialreactionwasfirstly
discoveredin１９８２byOsinskietal􀆰[１],wheretwo
singleＧphaselayersdisplayedperiodicallyinthereacＧ
tionzoneofthesolidstatediffusioncoupleofFe３Si/
Zn．Sincethen,thePLS,whichwasdifferentfrom
thethreecommontypesofmorphology(singlelayＧ
ered,rodＧaggregatestructure,interwovenＧaggregate
structure)formedduringasolidstatereaction,atＧ
tractedalotofattentionsfromresearchers．During
thepast３０years,thePLSwasobservedin many
multiＧcomponentdiffusioncouples,andseveraldifＧ
ferenttheoreticalmodelswerereportedtoexplain
theformationprocessing．Insummary,theformaＧ
tionmechanism ofPLScouldbedividedintotwo
types:thermodynamicinstabilityandkineticinstaＧ
bility．ThePLSformedduringreactivediffusionisa
complexselfＧorganizedstructure,andresearchon
themechanismofPLSisofgreatimportancetodeＧ
sign someinＧsitu multilayer composites, which
wouldhavesignificantpotentialforthepreparation
ofnovelenergyconversion materialsand magnetic
materials．However,theformationofPLSisdiscovＧ

eredoccasionally,thenatureoftheformationisnot
clear,andevensomeofitsformationmechanismreＧ
mainscontroversial;mostofthematerialssystems
aremainlyfocusedonwheresolidZnparticipated,
andthePLSformedinthesolid/liquidinterfaceis
seldomreported．Andtheeffectofalloyingelement
ontheformationofPLShasneverbeeninvestigated
yet．Itisthereforehighlydesirabletolearnmoreabout
itinordertoexploreanewmaterialsystemthatcan
formPLSintheinterfacialreactioninfuture．Tothe
end,somesoliddiffusioncoupleswereintroduced
firstly,variousmaterialssystems,especiallyZninＧ
volved,weresummarized,andcorrespondingforＧ
mationmechanismofthePLSwasexplainedbriefly,
thenthePLSformedatthesolid/liquidinterface
wasalsopresented,someofwhichweresupported
bytherecentworkoftheauthors．Thedevelopment
trendofPLSwasalsodiscussed．

１　PeriodicLayeredStructureFormedatSolid/
SolidInterface
１􀆰１　Soliddiffusioncouples
　　Untilnow,mostofthesolidstatediffusion



couplesthatcanformthePLSduringdiffusionreacＧ
tionarecomposedofZnandothermetal,cermetor
ceramics,andothersconcludeMgＧM,AlＧM (MreＧ
presentsthephaseexceptthepuremetalinthedifＧ
fusioncouple),andsoon．
１􀆰１􀆰１　ZnＧM
　　IntheZnＧMsystem,MincludesmanymateriＧ
als,suchasNi３Si,CuxTiy,Co２Si,andsoon．And
solidstateZn/Ni３SidiffusioncouplehasbeenstudＧ
iedcomprehensively．Suetal􀆰[２]discoveredthePLS
formedinthesolidstateZn/Ni３Sidiffusioncouple,
asshowninFig􀆰１,whichwascomposedofNi２Zn３Si
(Tphase)andZn３Ni(γphase)．Andthephysical
stateofZnhadnoinfluenceontheappearanceof
PLS,butithadeffectontheamountofZnsupplied
tothereactionzoneandchangedthereactionpath[３]．
ThedifferentdiffusioncoefficientsofZn,SiandNi
werethemainreasonfortheformationofPLS:the
pairofT/γwasfirstlyformedattheZn/Ni３SiinterＧ
face,then Niatomsaccumulatedatthisinterface
becauseofitslow mobility;whentheconcentration
ofNireachedacertaincriticalvalue,γphasewould
nucleateandprecipitatefromtheTphase．TheforＧ
mationofPLSwasattributedtothenumberofthe
previouslyprecipitatedγparticlesinsidetheTphase[４],
whichwascontrolledbythethermodynamicinstaＧ
bilitymechanism．DifferentfromthePLSconsisting
ofsingleＧphaselayer,Chenetal􀆰[５]clarifiedthatthe
PLSintheZn/Ni３Sidiffusioncouplewascomposed
ofsingle Ni２Zn１１ phaselayerandthetwoＧphase
(Ni２Zn１１＋Ni２SiZn３)layer．Furthermore,evidentsplitＧ
offphenomenonexistedinthereactionzone,soit
wasinaccordancewiththekineticinstabilitymechaＧ
nism proposed in the diffusionＧinduced stresses
model．Theyalso used diffusionＧinducedstresses
modeltoexplaintheformationofPLSinZn/Fe３Si
andZn/Co２Sisystems[６,７]．AsfortheZn/Co２Sisystem,
differentpatternswereformedondifferentgrainsof
Co２Sisubstrate．Clearly,themorphologyandthickＧ
nessofPLSwerestronglydependentonthecrystalＧ
lographic orientation of substrate[８,９]．Generally
speaking,thestressresultedfromthedifferencebeＧ
tweentheinterfacegrowthrateofthetwophases
withinthePLS．However,thederivationoftheoretＧ
icaldiffusionＧinducedstressesmodelwasverycompliＧ
cated[９,１０]．Chenetal􀆰[１１Ｇ１３]alsofoundthePLSformaＧ
tionduringsolid statereaction between Zn and
CuxTiy(i􀆰e􀆰CuTi,CuTi２,andCu４Ti)．Besidesthe
Zn/Fe３Si,Kodentsovetal􀆰[１４]alsofoundthePLSin
Zn/Co２Sisoliddiffusioncouples,andtheyowedthe
formationofperiodicstructuretoamanifestationof

theKirkendalleffectaccompanyingreactivephase
formation．Basedonthediffusionthermodynamics,
kineticsanddiffusionpaththeory,Wuetal􀆰[１５]

studiedthe TiCu/Zndiffusioncouples,andthree
kindsofperiodiclayerswereobservedinthereaction
zone．TheinterfacialreactionsofFeCralloys(conＧ
taining５,３０,７０and９５at􀆰％ Cr)/ZndiffusioncouＧ
pleswereinvestigatedbyLiuetal􀆰[１６]．Surprisely,
PLSswereobservedattheinterfacesofFeＧ３０Cr/Zn
andFeＧ７０Cr/Zn,whichwereattributedtotheperiＧ
odicthermodynamicinstabilityinthesetwoFeCralＧ
loys．AndthePLSsconsistedofCrandFeＧZninterＧ
metallics．

Fig􀆰１　Periodiclayeredstructureformedinthe
reactivediffusionzoneinNi３Si/Zn

１􀆰１􀆰２　MgＧM
　　Accordingtotheevidencesavailablefromthe
literature,theformationofPLSintheMgＧMsysＧ
temis mainlyreported on MgＧSiO２．Gutmanet
al􀆰[１７Ｇ２０]foundPLSformationconsistingofalternaＧ
tingMgOandMg２SiＧrichlayersinSiO２ＧMgsystem,
whichwasthefirstoxygenＧcontainingsystemreporＧ
tedtoproduceaPLS．Thegrowthofreactionzone
alsoobeyedtheparaboliclaw,controlledbyMgdifＧ
fusiontoSiO２ substrate．Moreover,aqualitative
modeldescribingtheformationofPLSintheMg/
SiO２systemwaspresentedbasedontheFick′sdifＧ
fusionlaw and conservation of matter．Chen et
al􀆰[２１]concludedthatthePLSformedinthe Mg/
SiO２systemconsistedofthesingleMg２Siphaseand
thetwoＧphaselayerof(Mg２Si＋MgO),inlinewith
thediffusionＧinducedstressesmodel;aquantitative
descriptionofthisPLSformationwasgivenandthe
computersimulationresultscoincidedwellwiththe
experimentaldata．Shietal􀆰[２２]alsodiscoveredthe
formationofPLSintheinterfaceofMg/SiO２,i􀆰e􀆰
thePLSconsistedofMg２SiandMgO,andtheforＧ
mationmechanismwasdiscussedbasedonthermodyＧ
namicsandkinetics．However,therewasnoPLSformaＧ
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