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Abstract:Aceramicmatrixcoatingforminimizingsteellossofstainlesssteelathightemperatureswaspreparedby
handledairＧsprayingtechnique,andtheinfluenceofcoatingonsurfacequalityofstainlesssteelwasmainlyinvestigaＧ
tedinlaboratory．Experimentalresultsshowedthattheprotectivecoatingreducedtheoxidationofstainlesssteelby
morethan９１％andminimizedhighＧtemperaturescalingandalsoenhancedsteelsurfacequality．Thescalesofcoated
specimenwereremovedcompletelyandthescalesofuncoatedspecimenwerepartlyresidualonthesurfaceaftercoolＧ
ingprocess．MnＧrichandFeＧrichzoneswerefoundintheoxides．TheCr２O３foundinscalescamefromtheunderlying
stainlesssteelandformedaCrＧrichlayeralongthespalledsurface．
Keywords:protectivecoating;oxidationloss;surfacequality;stainlesssteel

　　Theoxidefilmgrowsinevitablyontopofthe
freesurfacesofalloysduringtheheatingoperation
forhotrollingofstainlesssteelaswellasinother
hotworkingoperations,whichisusuallyattemperＧ
atureabove１２００℃inanoxidizingatmospherefora
fewhours．Thick multilayeroxidescaleswouldcause
metallossrangingfrom１％to２％ofthecrudestainless
steel,andnegativelyimpactthesurfacequalityof
thedownstream products[１－３]．Thus,thereisconＧ
siderablemotivationtoavoidorslowdownasmuch
aspossiblethehighＧtemperatureoxidationprocess．
InorganiccoatingattractslotsofattentionforproＧ
tecting metalsfrom oxidation at high temperaＧ
tures[４－７]．AsimpleandlowＧcostsprayingtechnique
isanexcellent methodto manufactureprotective
coating．Thecoatingshouldbeeasilyremovedafter
slabreheatingprocess,becauseanyresidualcoating
mayaffectthesteelsurfacequalityseriously．
　　Someworkshavebeendevotedtotheremoval
ofoxidescalesandthetransferoftraceelementson
thesurfaceofstainlesssteel．Genèveetal􀆰[８]presenＧ

tedastudyofthedescalingabilityofdifferentsteels．
Theresultsshowthatitispossibletoqualitatively
predicttheadhesioncapacityofthescaledepending
onthecompositionofalloyandonthemechanical
andoxidationconditionsduringthehotrollingstage．
Zhouetal􀆰[９]preparedahightemperatureMgOproＧ
tectivecoatingon２０Cr２Ni４AlowalloysteelbyslurＧ
rysprayingtechniqueandinvestigatedthedescaling
abilityofscale．TheresultsshowthatSiＧrichlayer,
whichexistsattheinterfaceofscaleandsubstrate,
isstronglyadheredtothesteel,andresultsinbad
descalingability,isreducedbythecoating．Yuet
al􀆰[１０]simulatedthebehaviorofsphericalnonＧmetalＧ
licinclusionsintype３０４stainlesssteelstripsduring
multiＧpasscoldrollingby３Dfiniteelementmethod
andupdatinggeometricmethod．Unluetal􀆰[１１]inＧ
troducedtheneutrondepthprofiling(NDP)method
tomeasurenondestructivelytheconcentrationverＧ
susdepthdistributionsofseveralisotopesoftechnoＧ
logicalimportanceinanysubstrate．However,studＧ
iesoncoatingusedforslabreheatingofstainless



steelandtheinfluencesofprotectivecoatingathigh
temperatureonsurfacequalityareverylimited．
　　Basedonpreviousresearchesinlaboratory,Liu
etal􀆰[４] preparedaglasscoatingonto AISI３０４
stainlesssteelbyaslurryＧsprayingtechniqueand
discusseditseffectsonoxidationbehaviorofthis
steelat１２５０ ℃inair．Inthepresentstudy,aceＧ
ramicmatrixcoatingfor minimizingsteellossof
stainlesssteelathightemperatureswaspreparedby
lowＧcostandeasilyhandledairＧsprayingtechnique,
andtheinfluenceofcoatingonsurfacequalityof
stainlesssteelismainlyinvestigatedinlaboratory．

１　Experimental
１􀆰１　Coatingpreparation
　　Table１showsthecompositionoftheceramic
coatingusedinthisstudy．Thecoatingcomposition
wasselectedbasedonthesofteningpoint,linearcoＧ
efficientofthermalexpansion(CTE)andreactivity
withstainlesssteelbytrialanderror．TherawmateＧ
rialscamefrom naturalmineralswhich mainlyinＧ
cludedsilica,bauxiteand magnesite,andsoon．
Mixturesoftherequiredraw materialwereballＧ
milledwithwaterforabout１２h,usingZrO２balls
asmillingmedia,tomakethickandsprayablecoatＧ
ingslurry．ThesteelspecimenswerecutintocuＧ
boidsof５０ mm×５０ mm×５ mmfromcoldＧrolled
platesandthesurfaceswerepolishedto３００griton
siliconcarbidepapers,thencleanedwithethylalcoＧ
holinanultrasonicbath,anddried．InordertosimＧ
ulatepracticalconditionsintheslabreheating,steel
specimenswerepreＧheatedtoabout５００℃inamufＧ
flefurnace,andthenthecoatingslurry wasairＧ
sprayedonthehotspecimensurfacestotherequired
thickness(１mm)．Thecoatingcanreducethemetal
lossdramaticallyduringheatingprocess．

Table１　Chemicalcompositionofceramiccoating
(masspercent,％)　

SiO２ Al２O３ NaO２ ZnO B２O３ MgO Fe２O３

６５－７０ １０－１５ ５－１０ １－４ １－４ １－４ １－２

　 　Steelloss measurementwasperformedina
mufflefurnace．ThespecimenmasswasrecordedbeＧ
foreheatingandafterdescaling,anddeterminedby
thefollowingequation

　　　　δ＝
M１－M２

M１
×１００％ (１)

where,M１andM２arespecimenmassbeforeheating
andafterdescaling;δissteellossduetohighＧtemＧ

peraturescaling．Higherδ meansbetteroxidation
resistance．

１􀆰２　Evaluationofsurfacequality
　　Thedescalingabilitywasevaluatedbythearea
fractionoftheremainingoxidescaleaftercompresＧ
siontestathightemperature．Theareafractionwas
calculatedbycomputeraidedimageanalysis．The
surfacemorphologiesandstructuresofcoatingand
crosssectionofthesteelspecimensafteroxidation
werecharacterizedbyusingscanningelectron miＧ
croscopy(SEM)(JSMＧ６７００F,JEOL,Japan)equipped
withanenergydispersiveXＧrayspectroscopy(EDX)
(NORAN,ThermoFisher,USA)andXＧraydifＧ
fractometry (XRD) (X′Pert Pro,Philips,The
Netherlands)．

２　ResultsandDiscussion
２􀆰１　Oxidationloss
　　OxidationlossisthedirectparameterofprotecＧ
tiveeffectofthecoatingandcloselyconnectedwith
themetalyield．Fig􀆰１showsthesteellossofbare
andcoatedspecimensfrom１１５０to１３００℃inair．
　　At１１５０℃,theoxidationlossesofbarespeciＧ
menafterholdingfor３,６and９harerespectively
１􀆰０１％,３􀆰２９％,and７􀆰３５％andthoseofthecoated
specimenare０􀆰１％,０􀆰２７５％,and０􀆰３１％．Thesteel
losspercentagedecreasedby９１％,９２％,and９６％
respectivelyaccordingtocalculation．At１２００ ℃,
thecorrespondingvaluewas９４％,９３％,and９４％．
At１２５０ ℃,thecorrespondingvalue was９３％,
９５％,and９６％．At１３００℃,thecorrespondingvalＧ
uewas９５％,９５％,and９４％．Itismanifestedthat
theoxidationlossincreasedwithelevatingtemperaＧ
tureand holdingtime．Theexperimentalresults
showedthattheprotectivecoatingreducedtheoxiＧ
dationofstainlesssteelandthehigherthetemperaＧ
ture,thebettertheprotectiveeffect．Generally,the
metallosscanbereducedbymorethan９１％．

２􀆰２　Descalingabilityofstainlesssteel
　　TheoxidelayersformedonstainlesssteelsdurＧ
ingcoolingprocess．Thedescalingabilitytestwas
carriedoutafteroxidizingat１２５０℃for３hindry
air．Thecoolingprocessofcoatedsampleisshownin
Fig􀆰２．Fig􀆰２(a)isthephotoofthemomentoutof
furnace．ThecoatingonthesurfaceassumestheliqＧ
uidstateatthatmoment．After１min,thecoating
turnsintosolidstatewiththedecreaseoftemperaＧ
ture．Atthesametime,thescalestartstopeel．The
longeritlasts,thelarger“areafractionremoved”
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