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EffectofZnVaporizationonWettingofAlＧgalvanizedSteelin
ColdMetalTransferProcess

QiaoＧliLIN,　GaoＧjunMAO,　QianHUANG,　RuiCAO,　JianＧhongCHEN
(StateKeyLaboratoryofAdvancedProcessingandRecyclingofNonＧferrousMetal,LanzhouUniversityof
Technology,Lanzhou７３００５０,Gansu,China)

Abstract:ThewettingofgalvanizedsteelbymoltenAlalloyswasstudiedinthecoldmetaltransferprocessbythe
sessiledropmethodusingahighspeedvideocamera．Thewettingbehaviorcanbedividedintotwotypicalcases,
trendingofnonＧwettingbyusingsmallwirefeedingspeedandwettingbyusinglargewirefeedingspeed．TheLeidenＧ
frosteffectiscausedbythevolatilizationofZn,whichisresponsiblefortheformercase．Theenhancedwettabilityof
steelbyAlandtheweakeningoftheLeidenfrosteffectareresponsibleforthelattercase．ZnisthedestabilizingfacＧ
torforAlＧsteeljoiningthatneedstobeavoidedbyareasonabledesignofprocess．
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　　Galvanizedsteelisacommonmaterialusedinthe
automobileindustrywiththeconsiderationofantiＧ
corrosion．Recentstudies[１,２]haveshownthatthis
materialisalsonecessaryforAlＧsteeljoining．The
ZncoatingplaysanimportantroleinAlＧsteelweldＧ
ingＧbrazingprocess[２],butreportsonthewetting
behaviorandinterfacialstructuresareunavailable．
　　Coldmetaltransfer(CMT)methodischaracＧ
terizedaslowheatinput,whichisverysuitablefor
AlＧsteeljoining．TheroleofZninsuchaprocessis
stillmysterious．Somestudies[３Ｇ６]suggestedthatZn
playedarolemorelikebrazingfluxwhichoptimized
theinterfacialstructures,andthenthethinintermeＧ
talliclayerand desirable mechanicalperformance
couldbeobtained．Somescholars[７,８]consideredthe
volatilizationofZnmightinducedefectsanddeterioＧ
ratethefinalmechanicalperformances．Therefore,
itisnecessarytoprobetheroleofZninthejoining
processofAlＧgalvanizedsteel．
　　Wettabilityofironorsteelsubstratesbymolten
metalswasstudiedbynumerousstudies．ForexamＧ
ple,Ebrill[９]studiedtheintrinsicwettingbehavior
inH２atmospherebythedispenseddropmethod．In
thepracticalapplication,duetothehighoxygen

partialpressureintheatmosphere,intrinsicwetting
behavioralwayscannotberealized．Chapuisetal􀆰[１０]

studiedthewettingbehavioringasarcmetalweldＧ
ing(GAMW)processandpulsedgasarcmetalwelding
(PＧGAMW)processwithdifferentatmospheres,and
thespreadingseemednolinktothecapillaryeffect
butbeinggovernedbymass,heatandenergytransＧ
fers．VollertsenandThomy[１１]developedacorrelaＧ
tion betweenthetemperaturefieldsand wetting
lengthinthelaserＧMIGhybridweldingofAlＧsteel．
However,thetemperatureofoverＧheatedmeltpool
wassohighthatwasalreadyoverthemeltingtemＧ
peratureofsteel．Koltsovetal􀆰[１２]studiedthewetＧ
tingofZnＧcoatedsteelbyCuＧSialloysusingdisＧ
penseddroptechnique,andtheimprovementof
wettingwithaZnＧrichzonenearthetriplelinewas
observed;thisphenomenonwasalsomentionedby
Marder[１３]andAgudoetal􀆰[１４]inthemetallurgybeＧ
tweenZnＧcoatedsteelandAlＧalloymelts．
　　Thepurposeofthisstudyistorevealtheeffect
ofZnvaporizationonthewettingandthemechanism
oftheimprovedwettabilityinCMTprocess．ItisexＧ
pectedthatsuchastudycouldprovideguidanceto
AlＧsteeljoiningandcoatingprocess．



１　Experimental
　　Al４０４３wirewithdiameterof１􀆰２mm,galvaＧ
nizedsteelsheetswithdimensionsofapproximately
２００mm×１００mm×１mmandabout５􀆰３μmthick
Zncoatingwereusedinthewettingexperiments．The
nominalchemicalcompositionofAlwireisshownin
Table１．Galvanizedsteelwasfabricatedbyusing
lowcarbonsteelasthematrixmaterial．

Table１　NominalchemicalcompositionofAl４０４３alloywire
mass％　

Fe Si Cu Mn Mg Zn Ti Al

０􀆰８０ ５􀆰００ ０􀆰３０ ０􀆰０５ ０􀆰０５ ０􀆰１０ ０􀆰２０ Balance

　　 Wettingexperimentswerecarriedoutbythe
sessiledrop method,thatis,ahighspeedvideo
camera(１２００frame/s)recordedCMTspotwelding
processwithvariousparameters．Laserof４５０mW
inpowerand６５０nminwavelengthwasusedasthe
backlightsource,andanarrowＧbandfilterwasused
beforethecameratoreducethearclight．Asknown,
lowheatinputtotheinterfaceisthetypicalcharacＧ
teristicbyusingtheCMT method．Themechanism
isthespecialmodeofmetaltransfer,i􀆰e􀆰,almost
noelectriccurrentcangothroughduringshortcirＧ
cuittransitionprocesses．Intheseexperiments,alＧ
thoughthesurfaceroughnesswasuncontrollableafＧ
terthevaporizationofZncoatingandmightinfluＧ
encethewettingresults,thestableaverageroughＧ
ness(about４􀆰３μminanareaof１９０μm×２５０μm)
oftheablationzonewithdifferentwirefeedingspeeds
(WFSs)couldbeobtainedbyaconfocalscanninglaＧ
sermicroscope(CSLM,LEXTOLS３０００,Japan)．In
thewholeprocess,highpurityAr(nearly９９􀆰９９９％)
withaflowrateof１５L/minwasadoptedasshield
gasandthefrequenciesofthemetaltransferprocess
was５０－７０Hz．Aseriesofwettingquenchexperiments
werecarriedout,andthecrossＧsectionalmicrostrucＧ
tureswereexaminedbyusingascanningelectron
microscope(SEM,FEG４５０,Netherlands)equipped
withenergydispersivespectrometer(EDS)．

２　Results

　　TheWFSisakeyparameterforCMTwelding,
whichmeansthequantityoftransferredmeltsfrom
wireperunittime．ThelargerWFSsalsomeanthe
largertransferredheattothesubstrate．TheheatinＧ
put(η􀅰U􀅰I,whereηisthecoefficientofefficient
heatinput(aconstant),U istheweldingvoltage

andIistheweldingcurrent)increasedwiththeinＧ
creaseofWFSandwasalmostlinear,asshownin
Fig􀆰１．Therefore,twoWFSs(１􀆰２and６􀆰０m/min)
wereselectedastypicalparametersinthisstudy;
onetendedtononＧwettingandanothertowettingfiＧ
nally．Fig􀆰２showsthevariationofcontactangles
andradiuswithtimet．Thecontactangleincreased
withtheproceedingofmetaltransferprocess(i􀆰e􀆰,
withaccumulatedamountofmoltendrop)forWFS
of６􀆰０ m/minuntilaround０􀆰１s,andthendeＧ
creasedtoabout３０°gradually．Thecontactradius
increasedalmostmonotonously．Thecontactangle
decreasedattheinitial１０ms,i􀆰e􀆰,thespreadingof
thefirstdroptransferredfromthewire,asshownin
Fig􀆰２(b)．Thedynamicbehaviorinthisstagecould
bedescribedasahydrodynamicmodel,asreported
inpreviouswork[１５]．Therewerenearlynodatafor
WFSof１􀆰２ m/minbefore０􀆰２４s(Fig􀆰２(a))．As
showninFigs􀆰２(c)－２(h),thedropcouldnotbe
transferredfrom wiretosubstrate;meanwhile,the
weldingspatterwasobserved．Asawhole,theconＧ
tactanglesandradiusallincreasedwithtime,and
thewettingbehaviortendedtononＧwettingforWFS
of１􀆰２m/min．

Fig􀆰１　VariationofinputpowerwithWFS

　　ThetopＧviewofthesamplequenchedat０􀆰１sfor
WFSof１􀆰２ m/minisshowninFig􀆰３．Onlyvery
smallmetalwastransferred,andanobviousablaＧ
tionzonecouldbeobserved．Thelinedistributionof
elementsonthestraightlineforthecorresponding
positioninFig􀆰３(a)showssomeZnwasretainedin
theinteriorandsomeaccumulatedattheedgeafter
ablatingbyarc．Thedetailsofthesetwozonesare
giveninFigs􀆰３(b)and３(c)．ThemacroscopictopＧ
viewsofthesamplesquenchedat０􀆰１sand０􀆰８sfor
WFSof６􀆰０m/minareshowninFig􀆰４(a)．TheabＧ
lationzone(thedashedcircleinFig􀆰４(a))canalso
beobserved．Furthermore,thetriplelineofthetranＧ
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