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ABSTRACT

AnewhotＧdipgalvanizingmethodwasemployedonhotＧrolledlowcarbonsteel．TheeffectsofAlcontents
onmicrostructure, microＧhardnessandcorrosionresistanceofZnＧAlalloycoatingsweresystematicallyinＧ
vestigated．Phasecomposition, microstructureandelementdistributioninZnＧAlalloycoatingswereanaＧ
lyzedusingXＧraydiffraction(XRD)andelectronprobemicroanalysis(EPMA),respectively．Itisfound
thatAlcontent(０６－６０wt％)ingalvanizingzincaffectssurfacequalityandadhesionbetweencoatings
andmatrixinthenewlydevelopedmethod．Inaddition, withincreasingAlcontent, microＧhardnesssignifＧ
icantlyincreasedduetotheincreaseinZnＧAleutectoidphases．PotentiodynamicpolarizationandelectroＧ
chemicalimpedancespectroscopy(EIS)alsorevealedthatincreaseinAlplaysanoticeableroleinimproＧ
vingthecorrosionresistanceofZnＧAlalloycoatings．

１．Introduction
　HotＧdipgalvanizingisaneffectivemethodtoimＧ
provethecorrosionresistanceofsteels．TraditionalＧ
ly,acidpicklingisusedtoremovetheoxidescaleon
thesurfaceofhotＧrolledsteelstripsinhotＧdipgalvaＧ
nizing[１,２] ．However,theacidpicklingprocessand
subsequentdischargeofwasteacidcanresultinseＧ
rioushealthproblemandenvironmentalpollution．
Recently,acleandescalingtechnologyforreducing
theoxidescaleonthesurfaceofhotＧrolledstripsunＧ
derhydrogenorhydrogenＧrichatmospherehasbeen
proposed[３Ｇ５] ．Thisnewprocedurenotonlyenhances
thewettabilityofcoatingsbutalsosuppressesthe
formationofFeＧZnbrittlephaseinhotＧdipgalvaniＧ
zing[６Ｇ８] ．Therefore,thisnewtechniquewasusedin
thisstudy．
　Generally, hotＧdipgalvanizedsteelsare widely
usedincivilconstructionsandhousing[９] ．Therefore,
thesurfaceofgalvanizedsteelstripsgetsscratched
andcorrodedwhenitisexposedinserviceenvironＧ
ments．Hence, microＧhardnessandcorrosionresistＧ
anceofZncoatingsaretwomainparameterswhich
needtoimproveurgently．Severalstudies[１０Ｇ１６] showed

orprovedthattheadditionofAlinZnbathcancruＧ
ciallyinfluencemicroＧhardnessandcorrosionresistＧ
anceofZncoatingsthroughtheformationofZnＧAl
intermetalliccompounds．
　Inthispaper, ZnＧAlalloycoatingswithvarying
Alcontentsof０６,１５,３０and６０wt％ werepreＧ
paredusingthenewlydevelopedhotＧdipgalvanizing
techniquewherehydrogenreductionofoxidescale
wasperformed withoutacid pickling．Then, the
wettability, adhesion, microstructure, microＧhardＧ
nessandcorrosionresistanceofZnＧAlalloycoatings
weresystematicallyexamined．Consequently, the
obtainedresultcanbeadoptedtooptimizethezinc
bathcompositionincommercialgalvanizing．

２．ExperimentalProcedure

２１．Materialandgalvanizingbath

　ThehotＧrolledlow carbonsteelstrips witha
thicknessof１８mmwereusedintheresearch．The
chemicalcompositionofthesteelwascomposedof
C００３７wt％, Mn０２３１wt％,Si００１５wt％,
S００１５３ wt％, P００１４ wt％ andFebalance．
ThethicknessofoxidescaleonsurfaceofhotＧrolled

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)１０３２－１０４０　　　　　　　　　　



steelstripwas６－７μm．Thesteelstripswerecutinto
thedimensionsof１００mm×２００mmandcleanedinalＧ
kalinecleaningsolutionforhotＧdipgalvanizingtests．
　ZningotsweresmeltedinacrucibleandsubseＧ
quentlyaddedwithvariousproportionsofAlingots
inordertoobtaintheexpectedAlcontentsinthe
zincbath．Therefore, fourtypesofcoatingbaths
weredesignated(ZnＧ０６wt％ Al,ZnＧ１５wt％ Al,
ZnＧ３０wt％ AlandZnＧ６０wt％ Al)．ForconＧ
venience,thefourcategoriesofZnＧAlalloycoatings
werenamedasZnＧ０６Al, ZnＧ１５Al, ZnＧ３Aland
ZnＧ６Alinthefollowingdescription．

２２．HotＧdipgalvanizingsimulation

　ThehydrogenreductionandhotＧdipgalvanizing
werecarriedoutinahotＧdipgalvanizingsimulator
(IWATANISURTEC)．Fig１showstheexperimental
procedureofhotＧdipZnＧAlalloycoatingsonhotＧrolled
lowcarbonsteelstripbyusinghydrogenreduction
ofoxidescalewithoutacidpickling, basedonthe
previousstudiesoftheauthors′workinggroup[４,７,１７] ．
ThefollowingprocedurewasusedforeachhotＧdip
galvanizingprocess: (１) thespecimenwasplaced
insidethefurnaceandthefurnacechamber was
filledwith Arafterevacuation; (２) thespecimen
washeatedto８００°Catarateof２０°C/sinAratＧ
mosphere; (３) Arwasimmediatelyreplacedbya
mixtureofAr＋２０vol％ H２andthespecimenwas
exposedfor３００safterreaching８００°C,andtheoxＧ
idescaleonthesurfaceofsteelplateswasreduced;
(４)theatmospherewasrevertedbacktoArandthe
specimenwascooledfrom８００to４８０°Catarateof
３０°C/min,andthendippedfor３sina４８０°Czinc
bath; (５) thespecimenwasliftedupandrapidly
cooledtoroomtemperature．ThereductionatmosＧ
phereconsistedof２０vol％hydrogenwithnitrogen
balanceatadewpointof－５０°C．

Fig１．　Schematicofreductionandgalvanizingprocessused
inpresentstudy．

２３．Characterization

　Theadhesionofcoatingswereexaminedby１８０°

bendingtest (universaltesting machine) andthe
bendingsurfacewasobservedby Olympusoptical
microscopy．Moreover,surfacemorphology,crossＧ
section microstructureandelementdistributionof
theoxidescale, reducedscaleandcoatings were
studiedusingelectronprobemicroanalysis(EPMA)
andenergydispersivespectrometer(EDS)．TheXＧ
raydiffraction(XRD) wasperformedtoidentifythe
compositionsofdifferentphasesintheoxidescale,
reducedscaleandZnＧAlalloycoatings．TheXRD
dataofdiffractionpeakwerecollectedwithangular
resolutionof００５°overtheangularrangeof２０°－
８０°(２θ)andwithacountingtimeof０５s/step．
　ThemicroＧhardnessofcoatingswasmeasuredby
usingamicroＧhardnesstester．Theappliedloading
was０５Nandtheholdingtimewas１０s．Atleast７
measurementswereperformedforeachsampleunＧ
derthesamecondition．Theaveragevaluewasseen
astheVickershardness(HV)ofthecoatings．
　Thespecimensforelectrochemicalexperimentsin
squareshapewiththesizeof１５mm×１５mm were
cutfromthegalvanizedsteelstrips．Eachspecimen
wasmountedbyusingepoxyresin,leavingthesurＧ
faceareainthesizeof１cm２exposedtoelectrolyte
solution．Alltheelectrochemicaltests wereperＧ
formedusingthreeelectrodeselectrochemicalflat
cell(model: CS２３５０ＧCorrTest４madeinChina)unＧ
derquiescentconditionattheconstanttemperature
(２５°C)andopentotheair．Thecounterelectrode,
referenceelectrodeandworkingelectrodewereplatＧ
inumfoil, saturatedcalomelelectrode (SCE) and
specimens, respectively．ThepotentiodynamicpoＧ
larizationandelectrochemicalimpedancespectroscoＧ
py(EIS) wereemployedforcomparisonofthecorＧ
rosionresistanceofZnＧAlalloycoatingswithdifferＧ
entAlcontentsin３５wt％ NaClsolution．PotenＧ
tiodynamicpolarizationcurvewasperformedata
scanningrateof１mV/sfrom －０１０Vto０１５V
relativetotheopencircuitpotential．Additionally,
theEISwasobtainedwithamplitudeof１０mVclose
totheopencircuitpotentialandfrequencyranging
from１０－１to１０５ Hz．

３．ResultsandDiscussion

３１．Oxidescaleandreducedscale

　Fig２presentstheevolutionofmicrostructureand
phasecompositionoftheoxidescalebeforeandafterreＧ
duction．Itisworthnotingthatbeforereduction,the
surfacemorphologyoftheoxidescalewasintegraliＧ
tyandcompactness,asshowninFig２(a)．Moreover,
combiningFig２(c) withFig２(e),itcanbeobserved
thatthethicknessoftheoxidescaleincrossＧsection
was６－７μmandtheoxidescaleofhotＧrolledsteel
strip mainlycontainedtwodistinguishablelayers:
(１)athinouterlayerofFe３O４and(２)athicklayer
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