- 1 - DESCRIPTION HOT-DIP Zn-Al ALLOY COATED STEEL SHEET AND
PRODUCI NG METHOD THEREFOR 5FI ELD OF THE | NVENTI ON The present
invention relates to a hot-dip Zn-Al alloy coated steel sheet, which
is used in fields of architecture, civil engineering, household

el ectrical appliance, and the |i ke and which has an excellent coating
appearance and 10 excel |l ent bl ackeni ng resistance, and a nethod for
manuf acturing the hot-dip Zn-Al alloy coated steel sheet. DESCRI PTI ON
OF THE RELATED ARTS Hot-dip Zn-Al alloy coated steel sheets have been
15 previously wi dely used as so-cal | edl precoated steel sheets having
pai nted surfaces in fields of autonobile, architecture, civil

engi neeri ng, household electrical appliance, and the |like. Hot-dip
gal vani zed steel sheets having Al pgeekessof 0.2 percent by mass or
|l ess in coating 20 | ayers (hereafter referred to as @), Galfan
having an Al e¢oatgit 2h-ADOMLI.GY NRIZEGHN SREEABSSERD R asidpitIvayer
(hereafter referred to as GE'), and Gl val une steel sheets having Al
contents of apewtobSTRERERCR by nmass in coating |layers (hereafter
referred to as GL) are mainly used as the 25 hot-dip Zn-Al all oy
coated steel sheet. In particular, in -2-. the field of

architecture, civil engineering, and the like, -GF is used frequently
on t he5ground FIERD) O THEX INVEYTIORe cost is | ower than the cost of
GL and the corrosion resistance is superior to the corrosion

resi stance of The IHgsfeinveRtipasrehrtepiicow hgtpedbl énsAl (a)loy
Coati ng appearance Hexagonal patterned spangles are forned. The form
of the sp&rgtedi staetfeient, ddPsidiligusrdchatiifttond Bitehd teFbrre,
exanpl e, annealing, before cg?tin d io oneq{s of. .a 10 bath)
cool i ng c&dittti 6REAFEEIZ0 qqﬁ§ﬁﬁi edgGhpt el AR PSEar epd KR8 the
| i ke. Therefore, .the. earance may.be inpaired in the case ere the
spangl oo reuead HRiRBUEShah G Erdrah SPAtiTe SRR kAneR 5B nt i ng
s penpor edo4nd.p 60LOFRLES!- AL LS PLOGUSSHe RRANges My come
to a painting surface so as to 1Inpaif € appearance "after the

pai nting. ARSERNERLLY, thil OCRNE YEART, aHPORNIS I JEEe1NaKag
beautiful coating layer wth netallic luster” and no spangl e have
increased. (ii) Blackening resistance 20A so-call ed bl ackeni ng
phenonenon, in which a coating surface is discolored charcoal gray

| ocal | y, may ODESCRIEWEINIIOR) THE RELATEDSANES environnment so as to
impair a commercial value significantly. It is believed that the

bl ackeni ng occHoes-dip Zro-Klomidrsi epnatédzstesloxaoetaf hiblve Bbenoat i ng
surface to oxygen-deficient zinc oxide in the case - 3 - where the
coat i A¢ syfeadeusd ypiadedyi wsed Hglsa-eapéedt nreceviytd mtraadi tsheets
environnment or the like after coating. Relatively few problens occur
in the cad@wimgr @aantpendeafaednvier fiigAdsr et apkemelvdlgai nting are

performed just, after 5 cpatjng. However, |n many gractical cases,
packi ng i SERESCHEAer nCt Rl TR R%e oPPuaPhetd BTG SR t he

chem cal_ EMGTALA Legel I 80, Uig BRI M Pl Pl il L
b -d | i =P i , t i.cal .
chove: descralith RYL O8O F o 2 40} 2r6256, e UE LB lconsiao

adhesizon ofaJdie RReREbLRYeti LOFSEL&S dd@sPaiPl i 89 rihenf iy,

t he corrosion resistance, and ?%e i ke may deteriorate aﬁg?Q#Lereby,
the comergdlentalose apBYLDS paPRéKed b naRisl § gaat Eyatdddoraydie purpose
of inproving the bl ackening resistance and the |like of the hot-dip
Zn- Al al | ophearife@drstre€brsbaeeto hayiar) ,a 268 campadihé osted Drsiaml e,
the follow ng proposal s have been nade previously. Patent Docunent 1
di scl oses lidwaingmale coharn?spef cambuthys 2 perasatt by Ifaper trentodhingss
of My is added to a Zn-Al alloy coating |ayer containing 0.5 to 20
layers {hereafter referred to as GL) are mainly used as the

25 hot-dip Zn-Al alloy coated steel sheet. In particular, in



all oy coating |layer containing 2 to 15 percent by mass of A, a
chromate treatnent is performed with a specific chromate treatnent
solution to allow concentrated NN and/or Ti to 10 present in an

out ernost surface portion of the coating |layer, and the resulting N
and/or Ti concentration portion and the interface of a chromate | ayer
are integrated for the purpose of inproving the blackening resistance
and the corrosion resistance. 15Patent Docunent 3 discl oses t-hat
regarding a Zn-Al alloy coating |ayer containing 4.0 to 7.0 percent
by mass of Al, the Pb content is speci4ied to be 0.01 percent by mass
or less and the Sn content is specified to be 0.005 percent by mass
or less, 0.005 to 3.0 percent by mass of Ni and 20 0.005 to 3.0
percent byhgasseDd &F @fc¢hatkiatreandiai bkémy assr tdegatamenthandiRe,
chromate treatnent are perfornmed after the coating for the purpose of
i mpr ovi ngGFhes blhsekeft agueresisioantde ground thatdl tfwugxambpe@eputhese
is other than the inprovenent of 25 the bl ackening resistance, Patent
Docunent 4odisitbodeset hidtan -the d@st of oGlhOapdridentcdyrorsss of My is
added to a Zn-Al alloy coating |layer containing 0.1 to 40 percent by
mass of Aresdshance® tHNSURLAAAT &0t EREUFRTLPHLGH| XI5 M) dnpse@f GI.
intermetal I ic conpound phases having a predetermned size are

di sper8ed, 5 f%?WQerLEPFpé?@ &hej ﬁﬁ?laww tIHEOBAGMabi 1 i ty.
Furthernore, it is disclosed that at |east one of NN, Ti, Sb, and the
like i s addedCOoRFIRGCRRRBIFFANGDr the purpose of inproving the sliding

Aol | cat on PURTTSRT O HG0 SF001. S06RGHT PR LA Bhelme Afeoform of
J ' P ' ' Ul | i.on. No. - 800
1of Pat ont "BeoSRenE s - atr SRR REEBAaTHY, LI AR SRR,

Publ i cati = 56 Ha3G olRanRe
Unexani neg(%lggt? Sﬁtémg?ﬁ%f i %%’%?%inﬁﬁ;bl ot ggﬁaﬁ%r.lg PSR FRESR a

Howevep, a6GeNdi Beol Onheosd o fteri BYERIRES (8 tdiamyi1gsent
invention, it was nade clear that the above- described known

t echnol ogydaadngheatel | owhageis abilers. TRER8gard] Nghd hpate’des egl
sheet of Patent Document 1, - 6 - even when the bl ackening

resi st ancéecdmphé riedptiavelde t ca somherxt ¢he, spanglappess ameel ofitheatti ng
easily occurs due to degradation of color tone and dross adhesi on.
Furt her norteeingr sokiemgdeasihythe cagsse iwhetthepsdating iaywerfomhed and
thereby, 5 the workability easily deteriorates. If the My content

i ncr eases,2 t99d 0Bl 5EReAI AYCrEsI BtRIRGAICGRNs 0 SHANEBEESrARECome to a
Regardi ng the chromate-treated coated stee|l sheets of Patent
Docunent s BRigyrd g, stREaeef 80t 2Dt iFERHENEPENBPBRAERRFR if redsitdeance

i s unsatisfactary. F#rthernore poor appear ance .of a 03? st eel

10
sheet or #PATHYI sCBFCIRER st Fo560Gr °BEE aude YiH Ctgg re
formed as i n. - | g, Pat . hr omat
treatment 10V g o8 SUbAERE EoRHItT ot S3EHORE abH it | e T no

specl reatnent SO ion

required. {ﬁgﬁﬁ;@ RdvkhecoaLedyst eel sheet of Patent Docunment 4, 15
oblems, e.g., d

one of pr eterroration of the bl ackening resistance,

poor appeafanceigfckepahyngcdustioc4degradation of color tone and
dross adhesi on, or poor "appearance due to .formation of spangles,

occur 0 20SUMVARYcOEaTHEd | DBMViNdrIg phenbinehsn aniwbjieicdh of ddaging
present invention to provide a hot-dip Zn-Al alloy coated steel sheet
exhi bi ti ngswarfzemutiisf uli scodbrad appearainceam ibcedligl | ney |l astwr, in
whi ch no spangle or very fine spangles are forned, and having 25
excel | ent ddEiddmion g esicorangavantheirpmsod Bor as-tF impair a

commercial value significantly. It is believed that the
blackening occurs due to conversion of zinc oxide of the

25 coating surface to oxygen-deficient zinc oxide in the case



manuf acturing the hot-dip Zn-Al alloy coated steel sheet. In
order to solve the above-described problens, the inventors of the
present invention conducted intensive research on an optimum coating
conposition and a structure 5 as well as a coating treatnent process.
As a result, regarding the hot-dip Zn-Al alloy coating conposition,

it was found that a hot-dip Zn-Al alloy coated steel sheet exhibiting
a beautiful coating appearance with netallic.luster, in which no
-spangl e or very fine spangles were 10 formed, and havi ng excell ent

bl ackeni ng resi stance was able to be- @ oduced by adopting an Al
concentration in a general G- as a base and allowing this to contain
appropriate anounts of My and Ni. Furthernore, it was found that
further e e b j -eSLS | e.t.0. b obt ai ned by
controlIiﬁ%g%%éa%%o(%%égggggffggke;gc g.$%§'§ffh#ﬁgg ESég?¥?%u$%nge
so as to R i CONGEA [ e | surface
portion o%gghc%%ﬁ%@ayergga@e?g gs%%riﬁa% ?)fg%#fag?ggih% and N .
The presefk) LPYEO | OFeas-JPARRSNBECL LN & Nehdas]se 9he?@ AUEReAL O NOS,
and the gist thereof is as described below [1] A hot-dip Zn-Al alloy
coat ed st eshvehReedn ChsAGit 206 gaihﬂgﬁgmam pe 1 RrmduP 48t Abr8dt oy
coating layer containing 1.0 to 10 percent by nass of Af, 0.2to 1.0
perceny byosassgof Hdwewf)OSnt mafylppecteddl yagmss pakkbhg 88d t he
bal ance 25 being Zn and incidental inpurities on at |east one surface
- 8 - of pesfeshedhbmtthe [R]at€hefhetcdih ZNtA aldtdygceatiethst eel
sheet according to the above-described item|[1], characterized in
that N ishepheehteanerrsipmireatarnbsangd Fiadaingiag pset penfofmede
5 hot-dip Zn-Al alloy coating layer. [3] The hot-dip Zn-Al all oy
coat ed st 8éFeghaefe bt ﬁ&g frdmeme ABBTRLerc HiFckeriam PEFUBF item

2], ch terized in that the hot-dip,Zn- al | ing |

[ nci udes. BRAGRG. COE cBRP T e ‘édan'aﬁfaé‘né% VAR o e SRS ARS SR My 10
i nt talli d. 4] .The hot-dip. Zn-Al. all d steel
Sheet 1Bcodha; RRCERCE he  FBIE REs P COEIETE AT 1o TRAr2R06T: zd 1 n
that th I t i SUR I 2d] - Al
alﬁoy cga?gaég%géﬁ?sﬂééigaccor ?ﬂghkiaggggﬁ%naZ%bgﬁﬂgggﬁﬁgggpffgﬁ][3]

or item [ 4l chapacheriessh, R abrkhs: 1oty di fhZnsAl-libgy coating
| ayer includes 10 to 30 percent by area of ternary eutectic of

Al -Zn- M irekeciBhaé| | n€OMOUNKeOMad BE0556i6L£Ed Ghd)f thBeepoat tRY

| ayer basis. 20 [6] The hot-dip Zn-Al alloy coated steel sheet

accor di ng coamanyiabevalué heaaheyangaseetdbetgni imardtl]y.to [ 5],
characterized in that the average major dianeter of the binary

eut ecibc of ZnFét tlse Ifhyposer offessproving [tHe Almetdeadnfjoresistance
manufacturing a hot-dip Zn-Al alloy coated 25 steel sheet, conprising
the stepsasid dhpplafeacStided htiedtip ZnoAl ghley scorjteddisieRd- sheak| oy
coating bath and pulling up, and cooling the steel sheet so as to form
a hot - di p "2VLALE &l FBycedaR s Hy Itay éProR*amBl tel thhdallawingce,
characterized in_that the steel sheet,BuIHed up fromthe

above- des&5B2G218 R3XEi REEHAAAS $TESSPRELYo 250C at a cooling rate

of 1C to 15C's t t ~di - ti | gyer cont al ns
1.0 to 10 percg%%e%g%n%ggne&% A&I F‘EB@"%S %%Q%éfoggntt%%§ %a Sl ) i al?y
0. 005,410 percept SRy Sy P Ne NGt RE AHCE, beimg 2N
incidgEta%m%ﬁpEPi?ieg. %%@ie ﬁé%-&iﬁ ZpgAF aFﬁ%y coate&ﬂgiééﬁaggget
accordi ng dRtaNqA3RGeL Ebntdtn HLILN! tbN¥ENbELReSX N Pirska Jreaut Ll
coating appearance with netallic luster, in which no spangle or very
fine spanglgs sargater TefgtRnth &y cenl-antvhl eckest iy + o3 stiagee
whil e excellent workability specific 15 to G- is naintained. A
hot - di p ZphAlsealdfoyheoabatding evlr Slreecti sexbebifiag o leawliy Wr aeati ng
appearance with netallic luster, in which no spangle or very fine

for the purpose of improving the blackening resistance and

25 the chemical conversion treatability. Furthermore, it is



the coating layer, and a coated steel sheet containing My and Ni in
the coating layer, the coating |layers being hot- dip Zn-Al all oy
coated steel sheets with the CF conpositions. Fig. 3 is a SEM

phot ograph of a cross-section of 15 coating |ayer of a hot-dip Zn-Al
al l oy coated steel sheet according to an aspect of the present
invention. Fig. 4 is a diagramshowi ng the result of X-ray
diffraction of a coating |ayer of a hot-dip Zn-Al alloy coated steel
sheet according te an aspect of the present 20 invention. Fig. 5
i ncl udes drawi ngs showi ng the resul ts bf” EDX anal yses of
cross-sections of coating |layers of hot-dip ZnAl alloy coated steel
sheets according to an aspect of the present invention. 25Fig. 6

i ncl udes df awi d§gsd st ng tleastestbt 6£0bb ED¥G, atigl weestht sikéates of
coating layers of hot-dip Zn-Al alloy coated steel sheets according
to an aspediiedf itHengresenty,i feenthenpufipgse o nicdpudedndr ahengs
showi ng the results of EDX 5 anal yses of cross-sections of coating

| ayer s of chemhoal GEnversionFitgea8abntitiles drawi ngs show ng the
results of EDX anal yses of surfaces of coating |ayers of common GE .
Fig. 9 is an cgiienfatloopngniig? afd shbevery tied demrriingna othromalor

di anet er of binarg eutectic of Zn-Al. 10 EMBODI MENT FOR CARRYI NG OUT
THE | NVENFEerted hotrgiR -2 9B 1zaLlAPYarPayee ozl sthesit sRe8P3akfor di ng

to an aspect of the present invention (hereafter ferred to an
"inventio '&éaP%HC%‘E'geI?Y dEs °of NFn@PB%@E ﬁlh’ost -B&{Cf?dzﬁpAla %g'gﬁl oy
coating layer containing 1.0 to,1Q _percent by.nmass_of 0.2 to

per cent bﬁxﬁﬁgscﬁe d ga%% cioélt&lflﬁgr getﬁf) %9 ejé%e%?% MY ?%lﬂﬂ
remai nder _c o, i;nCi j it I e
surface o ggggégﬁesééégkﬁgﬁ% %gt gg?ﬁgéﬁ?rg%{%d%t 59§f§§|C§%§@§?QNU

i s added tQ.LRRNPL 581 B 7k Ao @hheY e8ALbRg-hB¥EITRIHY Mol @5 the

pur pose of obtaining a beautiful coating appearance with netallic
lustetp i prelical NA SRaBGtErmsty &yt fddee peRanghesratRe f @baEtng angyd¥,
is added to the above-described coating layer mainly 25 for the

pur pose ofandmphevisgul bendlibc keni/vg Téscehaaneratiorl port@amc andr &hieon
of Ni into an outernost surface portion of the coating |ayer due to
coexi st endmtefrfapeappr apchatms tzndayerohrbinsegeafidd dbf duhet porpose

i nprovenment of the blackening resistance through addition of N .

Furt her norod, impesoSisentkeatbbidkenisn Nesiftanchearditdranesir rogiace
portion of the coating |ayer can be effected nore appropriately by
control | i ApSUsEa866Ling rate after coating within an appropriate
range. Reasons _for the limtatigns of the conmponent .10 conposition of
the hab.di p ZnEAFCRE | BOPHRRRG g SHAGLPSERETRAT LETIT-HaRr 8 hohds a
"coating |layer” singlé) i ncl ude Ln.the4i vgnt%og coat e g}eel sheet
will be déScOth&FGargwlaYet CoqtRBIAT- 0o kPeht Vi BEL R &5t MRS T é)%er
is less than 1. rcen t:hi Fe-Z I e ShafQr med
at the 15U?Htér a%g gg?&%ﬁ% %%zigggfﬁgﬁpﬁgygﬁ ghgiég%ﬂtgﬁfg?éﬁgg%as
to deteri qfatie dh@ Workabkhidynt At tihe plbekibands hd ¢ e spLdent
exceeds 10 percent by mass, an eutectic texture of Zn and Al is not
obt ai ned, mpGhaaiy Al Leeh, | Q@S i1 rRas gereendsbiyonsdss esf aviatand he
sacrificial protection function. 20 Consequently, the corrosion

resi stzancey df0artcerid Ospeiraeet goy tnags hefc e s rpoaddedprany e ,sktren it
is intended to obtain a coating |ayer having an Al content exceeding
10 percentpdns rassitmeoy dndsd Eriomatd \Creeanti age Aberbeingd celthas
in a coating bath and, thereby, a problemoccurs in 25 that the

coati ng appearearienss fiogphhe e rimaye tHe idew@ing. thg blgekenined
reasons, the Al content in the coating layer is specified to be 1.0
to 10 per cE¥¥1i9AnREss, and preferably 3 to 7 percent by nmass. One of

objects of the present invention is to elimpate 5 a spangl e (achi eve
J A&though the purpose 1is ot%ern%gan the imé%oéémen J}

25 the blackening resistance, Patent Document 4 discloses that



Merely My was added to a hot-dip Zn-Al alloy coating bath containing

Al of GE conposition (4 to 5 percent by mass) and nerely N is added

to anot her coating bath. Steel 15 sheets were subjected to hot-dip

Zn-Al alloy coating with these coating baths. The coating appearance

(in particular, the spangle size, the degree of dross adhesion, the

color tone, and the gloss) of each of the resulting coated steel

sheet was observed visually. As a result, regarding the 20 coating

| ayer containing Ni, no change was observed .in the coating appearance

in the range of experinment conducted-ky the inventors of the present

i nvention, and the coating appearance was al nost equal to that of

common GE. However, regarding the coating |ayer containing My, the

spangl e shze, r.t,0 a e gl vere_changed endi ng
blg i}ggln(% [})ﬁetr%%%n ngi @SSS 8? %_159 a%%i%g"“%{: aChRNgE ancgy

on the - a Ion o st eel "sheet "wa

lated b i - i = ahl o i h..pr e in
D fo 5 peciitiig mdi: Sohcgindhalh PYcsoRt B o BBt e L A
(total copgtepy &ndeithutand kax@8ra, MSGhis Mg %&89- QR8=pPRECENM 1 DY

mass) containing 4 to 5 percent by nmass of A "and 0.03 percent by
nmass of Neompbend epraddedn Haivi ngebwpesdéteriiheeortient ard Hhepepaéd N9
| ayer and the coating appearance (the spangle size, the degree of
dr oss adhéskonthe gndrgdie od dmptomdhgwelse Mbrvamtiliegd. TRartbBstihdse,
t hereof are shown in Fig. 1. According to this, the spangle size
begi ns t oibetondisc¢imredashinlie abyleant eone et diins T0., 1 Sper erdt thy mass
or nore. The spangle is alnost elinmnated and the color tone becones
a tinge oftikai te addedl mdifamecessasyer feg thfe DMyPesst efit iMBrodtogres
0.2 percent by mass or nmore. If the My content is less than 0.2
percent byPAagdidine MHSESRCRy resistance also deteriorates. This is
because, g gescr%bed I t%h, concentration of Ni into the outernost
surface | %é SPbr Y9Gt t'He coating | ayer does not occur when the
conte of My 20 coexi n i i, 1.0 the.coatin a is.le t han
05 o cent by eTEsangreRenihbd Do ibgieakaR ¥ Elrafunia®-
deteriorabgpy,_Shgide other hand, if the My content exceeds 1.0
percent by nass, the color tone changes to grayish white and to gray
sequent i alfpy+ egpdpsk@ssntadhesi on increases. 25 Furthernore, if the My
content exceeds 1.0 percent by mass, - 15 - there are problens in
t hat cracki ng gasddesc0tRiekani Actiheatont imgplliareioandubbecapidahidity
deteriorates. If the My content is too |arge, the blackening
resi stanceodét-2sgpbat es. Therefore, the lower limt of the My content
in the 5 coating layer- is specified to be 0.2 percent by mass to
obt ai h5a H@®atentubPocwastitthgdlappear ance and excel | ent bl ackeni ng
resistance, and the upper limt is specified to be 1.0 percent by
mass from t he J3RagrsianiUnerapilacenPahgnrined igghdonoRubhdcation No.
deterioration_of color tone and 10 furthernore, preventing
deterioraﬁF@ﬁ7é§2morkabiIity. As descri bed above, regarding the
coating c sitign jnly contributes to inprovenent of the
coating aggggFQ%CQOQW%QN?%hainly contributes to inprovement of the
bl ackeni ng resi : I I t . LN ors
of the presentbgééﬁgﬁé(%ﬁ%xgplﬁgg %%g%%ét éﬁjg%¥l%%,%pﬁ%}§%%§¥§9%%be
with My wagoindizspgnsable to exert the effect of inproving the
bl ackeni ng resistance. That is, it was found that My had a function
of formng a beautiful coating appearance and, in addition, M
facilitated 20 indirectly the effect of inproving the blackening
resi stance thr gogévenexd sioradagwtbhthk . stidys afashabliaveatbesnagdethe
cl ear by analyzing the coating layers in the depth direction by using
gl ow di scharegenaptineahton ssitowaspacideostopy €KES)thegdrodierg coat ed
steel sheets having different blackening 25 resistance. An exanpl e of
described known technology had the following problems.

25 Regarding the coated steel sheet of Patent Document 1,



15 coating surface. Therefore, portions fromthe outernost surface to
the depth of about 200 nm (2,000 A) of sanples (coated steel sheets)
of the above-described itens (1). to (3) were analyzed intensively.
The results thereof are shown in Fig. 2. In this analysis of coating
conponent 20 el enents, a GDS anal yzer was used, and the anal ysis was
performed by discharging in the depth direction at an anode di aneter
of 4 mmand a current of 20 mA for 30 seconds. As is shown in
Fig. 2, each of the sanples of the above-described itens (1) to (3)
exhi bits a peak of each 25 concent rafell Toati ng conponent in the
vicinity of the - 17 - coating surface. It is.clear that the
concentration formof each elenent is subtly different from one

sanpl e t o cakot haen Regabthdigerding ceatisngntayesan die tivprsamsa ¢o Spme
containing nerely My and exhi biting poor blackening 5 resistance, the
peak of caxtentrapedrMyppesahser wéd cattnegr bgsihe sanmerpokic iton as
that of Zn of the outernost |ayer portion (outernost surface), and
the peak ofegredesiarnacédelor $anissandedronst adhas e ( bd3igheawereal
side) inner than the peaks of concentrated,Zn and My. 10Regarding the
concent r atdr@FkpBak §281 1Y hec et iify they ePabing héa¥ammnd /( BeE&hYai ni ng
merely N and exhi gi'(t_‘,i' ng oor. bl ackenin resistgncrﬁ, Al is observed
fol | owPng AT HPTERE1SUTES 1y IGFEEGA; aht tiHe MRLOTGERT
concentrated Ni_ is oggerv%‘d on .t he séi dett(:lbasi s, [t er,éealiosia(;'i:ee)s i nner
than the FESFERRESF EBRCRMTFSTEINTSSATRRESOENEY Fand ' T €& ding t he
coating |ayer gfe EPS:LI?@”&?HGéh%)om%%ﬁt—%k@hggd'\@oa@ﬂb% N c2Rd ﬁ%@tg' bEng
excel | ent bl ackefi ng r si'st ance, the peak of concentrat ed N TS
observed igLdhg OLERARES Sulifce laxekmetti 8 ShitdRdy i 20 Zn,
and each of the peaks of concentrated My and Al is observed on the

si de (basi mefind r8kd8tahiwels thaatikeapeakyof eenaetiatsd Nor
Al t hough not shown in Fig. 2, a coated steel sheet, in which My and
NI coexi stappeddshceoalti Agcbayed stedlhehsane o25aapdimtedisstdudsaesharit he
sanple (3), which was produced at the - 18 - rate of cooling to 250C
after the sostlingpaaiir30Besagse asphmhiesh adied fpomedxas t irsi gprirfarc &#.
effect on the blackening resistance, was simlarly analyzed. It was

f ound’ t hatRegardEma FeitentoPomimenit 2.t Hdeoghermate tredtaeant dperusing
portion 5 of the coating |ayer was | ess than the concentration of N
in the sanpl¥I)Lic chropabh PHAENIVe PRI PPedS ah8EYtT%3 resul ts,

it f d that N, trated into t |
por t1on of ¢ he NEGAERARS) SYRreBHADISEER) GUCEF Bhi T AR TS 4

i st dth i_st d ired .
Concorts ot Pah B RECHRS"  Redout ¥ ML ayeR bar FPare BT mor e,
concerftt . ayet | e
ool 1 ng. 1o € AT LB ThE EBat PR B o he ars. d8gcr T hade e &

anal ysi s V‘@:&fbﬁ?ﬁf\x}é%&%E%BEs&Hﬁ‘é@ioﬂ,t d:S Rl BEBbedrihet ke to

I IS present between the outernbst surface of the

concentration o
coati ng angoandosdit iGN splang1dept BcOfirabout 30 nm (300 A). In general,
fromthe viewoint of the standard energy of oxide generation, A and
My have a strong property of 20 being oxidized as conpared with that
of Zn. Conversely, N is an elenent having a weak property of being
oxidi z2d. |t | S REBRYe0Ft HEE BVGOHEINY conponent el ement having a
strong property of being oxidized diffuses (noves and concentrates)
to the outernostt sifr RaceLdect hef ddw infeSealeANEAHT 1 alk e5C REGV 05 &

part of oxxgen of zinc oxide which have been gene aged_on
ot-dip Zn-Al alloy coated steel sheet exhilbiting a

beautiful coating appearance with metallic luster, in which
no spangle or very fine spangles are formed, and having

25 excellent blackening resistance and a method for



- 19 - the outernost surface of the coating | ayer so as to convert
zinc oxide to oxygen-deficient zinc oxide and, thereby, blackening
occurs. Therefore, it is believed that My concentrated into the
outernost | ayer portion takes away 5 oxygen of zinc oxide in the
coating layer of the sanple (1) exhibiting poor blackening resistance
so as to convert zinc oxide to oxygen-deficient zinc oxide. Likew se,
Al having a strong property of being oxidized takes away oxygen of
zinc oxide in the coating |layer of the sanple (2) exhibiting poor 10
bl ackeni ng resi stance so as to convesty zi nc oxi de to oxygen-defi ci ent
zi nc oxi de because Al is concentrated on the side nearer to the
surface layer than is N. On the other hand, it is believed that

Ni  havi ng_a_weak, proper f . bei.ng, oxj di i s concentrated into the
15 out er WBEPUER FRERRT ayte Assr e Bnegr AT oy P ebr SRR vanpl e
(3) exhibi ting exeeidenl, BLACkeMh DO ERA HANGTHohN] FoSELYES A 2
barrier layer S0 as to suppress diftusion (novenment and
concentr at| C ISt i ak ' I face
| ayer por%nghgﬁﬁf ?ﬁé?%%f?gf%thggﬁ€g%£§%?ﬂ%n§g§#%$é§§%BF§U§nproved.
That is, theehPhoyenBotinkldekeRing QS AR ReQULr 88 bl S
concentrated into the outernost surface |ayer portion of the coating
layer s0 ag We18eiyen asoRAWRy hakhtfent ayescesdle o@neerbsattpn of N
into the outernost 25 surface |layer portion of the coating layer is
bel i eved tregard2fqg-tloeduot - pcaexhit ebtey ofodiingawapesitibe, it
mechani sm of the novenent and concentration of Ni into the outernost
surface | aper fpondi tmatofa tHre-cdgt EngAl agbtodumated seriedt eheetwi th My
is not conpletely certain under the present circunstances. 5If the N
cont ent i exhhbitsngindpeatdiiuls cpasing happer OB pariddnmepglhdss, the
degree of _concentration of N. into the outerppst surface |ayer
portion of-UERETcodRi YRy SPENEAR BFeVehhehing SReNFleseeroget her,
effect of

th [ [ | ackeni i st [ t
cer (£, “HOT0E R o7 BT PR ST BE O At S 2065 BFCERe by
if_t tent .i I th 0..2 t b
oncont - abEoReoprBCe o SRR bbb AL PP e tEah PoaBBREat nov
o f Ni (0P ; : h 15 th
oeour Ly aEhasth, BOBL Slq SXOREARA0 chiBOLE Rl Y (LBl IRUON 13 L he

effect of T nproving the ening resistance 1's My dross

cont ai ni NG n@ECHESME N AdayCoatrRgnRahBre NGk 18 GRRIANGHARPear ance
is inmpaired due to dross adhesion unfavorably. For the

above- desahirk@drr 8A680Bent b ldtkePlifgeRbs 20t hnveMdPribllheoNbecont ent
in the coating layer is specified to be 0.005 to 0.1 percent by nass
and, as desenibed Bbowentidieliviy ahet enblisg speits fdfkrt @cheifg? to 1.0

percent by nass. In this manner, a hot-dip Zn-Al alloy coated
steel sheetit®ihi bi spagifidesutgd slo esatbnfaaphezrtancenwenhrabion of
metallic luster, in which no spangle or very fine spangles - 21 -

are fornmedi dngohavi agtexeedtt evrisicgckenthgnresisteaidd ngadaljer due
produced by allow ng the coating |ayer having a GF conposition to
contai n apist GpevacedakbaneSient M daRA. N¥he coating | ayer of the
i nvention coated steel sheet 5 can gnclude a m sch qﬁéa cont ai ni ng

Ce and/or La. TAESPRTIEH nd"antd8Rt SRR Y oA and oo 381RoCEf f ect
i t of - l.e. but f the f ti
*hor e20r nar it Fraffig, SR e ThopErh, it i R elheratce of

a fine defggti,ve-coatjing-14 i n S i i,Ng
surface. 1 P1 ?‘o'?hgahi g%hﬁr(rgat%évg?ﬁt%gﬁta ?Eé %Sé;ﬁ?é[)%ﬁ;n&%r%%ge%g?%gm
by mass i ; a o L f .86l yOkoSH ' f e
of pi ninol & SrL e R e A ey o R PR e Py PER
snmoot hi ng ©fp the 19upbacent Py thesOtdrenil5ohand, 1fo the dofrabycaatent
of Ce and La exceeds 0.05 percent by nmass, they are present i'n the
of Mg, 0.005 to 0.1 percent by mass of Ni, and the balance

25" being Zn and incidental impurities on at least one surface



- 22 - described SEM phot ograph, fine-grained charcoal gray
precipitates were interspersed in pro-utectic Zn (white portion), and
grayi sh white precipitates with a banded pattern were observed al ong
charcoal gray precipitates. 5 This coating | ayer was subjected to
X-ray diffraction froma surface and was subjected to el enent

anal ysis by EDX from a cross-section and a surface. Fig. 4 shows the
result of X-ray diffraction. Fig. 5 shows the results of EDX anal yses
of cross-sections of coating |ayers (EDX el ement mappi ng and 10 EDX
spectrum mapping data type: net count8 Tragnification: 3,000 tines,
acceleration voltage: 5.0 kV). Fig. 6 shows the results of EDX

anal yses of surfaces of coating |layers (EDX el enent nmappi ng and EDX
spectrum omBppshgedadldedtype: net count, nagnification: 3,000 tines,
accel eration voltage: 1510.0 kV). From these results, MyZn2 was
identifi ed2asThatestredi |drc-2d0aphupdcoat édestos=t ishgeltageronfiiheto

i nvention coated steel sheet. The fine-grained charcoal gray

preci pi t atés wboeceddsomibed tideve [Zh, Abhbraarario@dedn ¢h20 Piimarily
containing A, and were interspersed throughout the coating |ayer. It
was esti mepedenhastedelnyrayicsitewnoss Bundade phaveayr ponidonepfiaife
eutectic of Zn2, Zn, and Al (hereafter referred to as Zn-Al - MyZn2
ternary eBo&cHiip) sprhhediiqy conttardi AgY®EZn2 identified as the

internetal lLic 25 conmpound., This éer nary. eutectic spread intq.the
shape of d31-Th§ boﬁé‘?%rﬁ?'&alﬂail BVaFPgt?a ?‘ﬁeeejvi%erﬁtt ;?CSPIEHB‘J to
ti I f d the fine- i ned Ans. i tecti
T 02 U3 ARETE PR b el 151758, D T R 816 UG v
- i f f .t i .of ; Al :
43 per cont by "R QoPrfHS HRRI0 5205 E0LANG LANEL BlcieptuERyEL

anal ysi s. eﬁt@thcS?@"@nlﬁ SRS Welhia@l, ERXcaPAL YSLR10M7ChgSs- secti ons
of coating layers (EDX el ement mappi ng and EDX spectrum “mappi ng data

type: 1pet i¢@ethetARUNET EGRSd Q. 3, 000 tinmes, 10 accel eration voltage:
5.0 kV). Fig. 8 shows the results of EDX anal yses of surfaces of
coati ng | ayar TheERXt el epemi-Alapliley andtEBXsspertshugt rmappirdd ndata
type: net count, nmagnification: 3,000 times, acceleration voltage:

10. 0 kV). tHee aboaerdgstayeed dftenhi(S G- chereohpobzzt din vifhiate teoMgls
eutectic Zn.and charcoal gray Zn-Al binary eutectic. This binary
eutecti c prdsamesadhicheompratichda Mgénzsurface and in the vicinity of
the interface continuously and is large significantly as conpared
with the ZmlAThsi ReEydént &otht P WNEREFENEFBRL cORRY AR 18 &P.

20Al t hough the data .is not provided, Zn-Al bi ut ecti c .was, .
Sreselt TR @hosR SESEBLR g (7 RixASERald put R TACCRTIPER RS, | 1

was believed .that th n- ipary, eutecti.c _serves as -a.core far
oy © e e hat-Blp  tp Al ARk BRI Do FRYER el 34 %o 20

bi nary eut &éeﬁtagsg{e%%?%hsfZ&%A&aﬂ%&%é&&@%x gutgelye in the

coating |ayer of 4 - 1nvention coated steel sheet, particle
di anet ers, ; frAGidiQnS 1ef ceMpEetd oPhRT8DssaRdct hen | ke yers Axayg ned
in detail. As a result, it was found that in the invention coat'ed

steel sheetaydhedgiacti on of eutectic phase of the Zn-A -MyZn2 5
ternary eutectic was 10 to 30 percent by area in terns of an area
per cerpttage[ é N Ehec datti-aidpl ayerl caissy seattiedn standl ahbeauwedaddiogationg
appearance w t hout hexagonal pattern was able to be obtained at such
a fractionamy @t edt ithepbhowe-dissr rshdtiesw i[S1nbe Eohpl etel y
certain in detail but is 10 estinmated as descri bed bel ow fromthe
above- descehdeartarilaad dal thekuths aygrage malaysdiedetpntof Hdren- A
binary eutectic serves as a core of the hexagonal pattern of GF,
cont i nuousPiage suiheqtif Rar ekt et i 10 K" 51 A885tn common GF and,

t hereb a state in which few cores are prese is 15  brought abou
y: [71 A method for manu%acturf%g gjhot-ggp Zn-Al afﬁg& coate&’

25 steel sheet, comprising the steps of dipping a steel sheet



| ayer were observed with an optical mcroscope. Wien the 25 bendi ng
was performed at 2T or nore, the degree of - 25 - occurrence of
cracking was nearly equal to that of GE'. Therefore, it was

determ ned that the workability in common bending was nearly equal to
the workability of GF. The fraction of eutectic phase of the

Zn- Al -MyZn2 5 ternary eutectic (area percentage in a coating |ayer
cross-section of the Zn-Al -MyZn2 ternary eutectic and, hereafter, the
sanme hol ds true) becones |ess than 10 percent by area in the case
where the My content in the coating t&/er is | ess than 2 percent by
mass. Since formation of Zn-Al-MyZn2 10 ternary eutectic is at a | ow
| evel , the Zn-Al binary eutectic is fine-grained insufficiently, and
spangl es aheof Ormil. o ZtIMlOBI‘.E@Byh@&?tiﬂcf‘%aftrha%hkioguﬂiﬁé't@;_Qtér?d
phase of the Zn-A -MyZn2 ternary eutectic exceeds 30 percent by area
in the casgoYederidestde1C@RLeRt shNat heo o RO hbayaliplonexcestiod. O
percent by mass. The coati ng appearance is beautiful. However, the
har dness ebatbfgcnajdinerd ayekeblCcsrasess@sfddeg chatresteof z&MyAw

i ncreases. Consequently, large cracking easily occurs during bending,
and t he wbhkabthe { yteaksit exhiemtapedle@Odpef par thhel ebdvardeecrbbed he
Zn- Al binary eutectic is affected by the fraction of eutectic phase
of t heS ZncabiviZEe Zoa e riey ycomledctpc250TCtatl 2 faomdtingnrateeaf ekt cto
phase of the Zn-Al-MyZn2 ternary eutectic is within the range of 10
to 30 peréént/B§cardzd e hekedageiiapbratiheicet ipgc aer 260nR Hisn
or less. The major dianeter of the %n-fd Qinary - 26 - eutectic
exceeds 16-BnFPnl? R Wer@sEnei Myl cohterdt® iln Ot RETEEAEI Y Maser
is less than, 2 per t, by ss.. Th n-Al _binary eutectjc is
fine-graiﬁngPhs§f¢§€f%%ﬂq;?p§ﬁ8epgrﬁ¥IT%ﬁsOQ?F¥HeaR§XEBBn3Tl?Eﬁ?erns
is started, . i_kul, | appearance with netallic

| uster is%ﬁéﬁaoEFg%%%d&“%@%%&aghgmﬁﬁg%t?%%'of eutectic phase of the

Zn- Al 1 Zn2 teﬁﬂ@rﬂo@%i%mzhczﬂngli Mééocls%e@hagfégef &@é’ﬁf@:@rﬁ; Ry or

di anmeter) of the Zn-Al Dinary eutectic are neasur as 10 descrl bed

bel ow. At aheaspet obt Ok gflcsepie inaBdondy &elieaiedaf beaudi BEM

phot ograph (for exanple, magnification is 3,000 tinmes) of a
Cross-secidoaminf appesomidengrilthy eetaRegar tistgersadh ehieat not bpargba
of the entire coating layer is determ ned. Subsequently, the area of
t he Zn- Al dvhXe2ylbiterspandlas ecei formedet mndriheed excgldeptoporti on of
the area in the entire coating |layer is calculated on an object

basi s. Thélavkeagagvaeskstinacheiiile earehlent tviaxMabddditgnspecé@iectic
phase. Regarding an object of a simlar SEM photograph of a
crossl8ecticFF tRempdRt#Md-ength of each 20 zZn-Al binary eutectic
(refer to Fig. 9% i s nmeasur.ed i the maj or di ngéer and. t he, average
val ue of them hehPHREIP 4 PHie 2AT8Y aRe T (4R iaRbeEE, SXhibiting g

o o, R 0L, W AR B0 0Bl Bl BBk oo
bstrat t eel [ : | ' b -
Subst et B SehpIEchy S PSR BT R DS B SEURE,

. n
appropri atél y m known st eels 'n accor

i's not Sp%\ejrftii%ﬁllla)élk! giteth o O 1930RERg HosiSaH& @abbe bRahuted

| ow carbon alum numkilled steel sheet of an ultra | ow carbon steel
sheet 2bs usedHel EMLBScYIEIMP It Hdd Accefathfdrwpal aldpert bF the

met hod for ‘manufacturing the invention coated steel sheet, a steel
sheet (substig=aing sheehtsbeet) is dipped 10 in a hot-dip Zn-A alloy
coating bath, hot-dip (nelt) coating is performed and, thereafter,
the steel sheet is pulled up fromthe above-described coating bath
and is cooled, so that a hot-dip Zn-Al alloy coating layer is forned
on a steel sheet surface. The resulting coating 15 | ayer contains 1.0
to 10 percent by nass of Al, 0.2 to 1.0 percent by mass of My, 0.005



5 that the coexistence of Mg with Ni was indispensable for inproving
t he bl ackening resistance, that is, concentration of Ni into the
outernost surface |layer portion of the coating | ayer, as descri bed
above, and this concentration of Ni was also influenced significantly
by the rate of cooling 10 to 250C after coating. It is known
that netals e.g., Al, My, and N, in the hot-dip Zn-Al alloy coating
| ayer gradually diffuse toward the outernost surface of the coating
| ayer during the time period until the nmetals are solidified and
reach anbient 15 tenperature after t"hgmcGati ng. In particular, it was
found that the concentration of NI into the odternost surface of the
coating layer, to which attention was given by the inventors of the
present i nventBRIEF IDRSORIETION OFNTHE VRRAWINGSUenced significantly by
the rate of cooling to 250C 20 after the coating. On the other hand,
the cooling raFegin tie a angehl eherinparhe 536G atda¢nshipsbehwveenfthrence
on the concentration of My and Ni.. Specifically, it was found that
t he conceifidr gonganbf inja coating davies snfekhdstoxtirihE®@HeRrénCBorti on
of the coating 25 layer was able to he facilitated nore eff,ectivelé

t

by - 29 XeSGACABRI AnRCETRLR A df Add6Ni RGREF t Heetoats®tsros nehB
pulled_up fromthe hot-dip Zn-Al_alloy coatjng bath to 250C at 1Cto
50 ses T dte prefrdotav ek FFA Gt Comppet huth et TUaG g of t he
coat ed steel sheett ul | e&ln,gpogrﬁmthe 5 coating bath to 250C is |ess
than 10 séEP @ N8ugh* W "T's Toncentrated into the outermost surface
ayer portion gfgthe Coalididh |Mghs SRoAAPYHEY ARG Qnbifses
coating |ayer, gxagona patterns are Porned so as to i npai'r the

appear ance, And,,caus e s 4k €L A OF ald O Qfi paRiKBRI b t¥oating Meyyidier hand,

10 if the cooling rate exceeds 15C/ sec, concentration of Ni into the
out er nost sdfRERg ayebapeat e PisHha ceathngih@ymérésy neduceaneven
when the My content is within the range of.0.2 to 1.0 percent by mass
and the Nceonimenilayerw ahtdatdée gtosrge stiee@. 006t bnind peralentiibyn
mass in the 15 coating layer, and a significant effect is not exerted
on the bl adkeniqagingsilsyanceand fa tdvmtreat etetlcobéengeent 250Q@ e Myeeds
15C/ sec, the fraction of eutectic phase of the ZnA -MyZn2 ternary
eutectic iznd HE doathegcpaléery mgydecdme icegsintahai®ug keing ihed~
hexagonal patterns may be formed. 20 Consequently, it is preferable
that the r@dir BF-Modlleny sratge sb8ebdskede WiidetthsulOfe FOMPOFLbRPRRe
hot-dip Zn-Al alloy_copating bath to 25%0 i.S sgecified to be 1Cto
15C/ sec, and dé<@raBl yS2& RfgtQgraph of a Crosyp{EA T t he

coat i bath_te rature_is Cifl to.be within the yange . of
390C (5 Sobe=t i g Fodti g oL GbP 5 Ain Udger REAFE P EST bl Fhan
390C, the yi it f _th i i a he coating
urf ace cairTorpab s ThasEatt ff, R darRo AP eha®, crper atur e
exceeds 500C, tgle dposs LngihersRalididnbatheeasihyt S neneases.

The coating |ayer surface (in the case where both 'surfaces are

provi ded Wit breoatidip JrY¥eESating savéacss of nat-keastnone £DBéY Ng

| ayer) of the invention coated steel sheet may be coated with a
resin, so thated@ stasdin-steatedcsbedindOtsheetaspeytbefpthdusedserdthi s
resin-coated steel sheet is usually produced by form ng

chem c#b - canvensiam-treated | ayer on the coating | ayer surface, and
formng a resin |layer thereon. |If necessary, a priner |ayer may be

di sposed bet wedfigd-hé dneriidar- doawinst ghomiagt 68e| agevleh et FX esin
15 | ayer. The chem cal -conversion-treated | ayer, the priner

| ayer, andaRRéyFesiof |HBRES1S6ChdoBppPE etPHal e AV5ESe 0AdBRESELP of i 2
common precoated steel sheet. For the forrr]g%éiton of the

above- descPibedleRerRad SIGedoPEREF oRC T EHTEY Hoaf8r 2SREhr Bhatle

treatnent with a common treatnent solution containing chromc acid,
present 1nvention.

25 Fig. 6 includes drawings showing the results of EDX



15 silicone resin paint. The filmthickness of the resin |ayer and
the application nmethod (spray coating, roll coating, brush coating,
or the like) nmay be the sane as those for a conmon precoated steel
sheet . The baking (drying) condition in formati on of the 20
above-descri bed chem cal -conversion-treated |ayer, the prinmer |ayer,
and the resin |ayer may be a generally adopted condition of 50C to
280C x 30 seconds or nore. EXAMPLES 25In a continuous hot-dip Zn-Al
alloy coating facility, - 32 - an unannealed A killed steel sheet
havi ng a sheet thickness of 0.5 mmangh a-sheet width of 1,500 mm was
hot-dip plated so as to produce a hot-dip Zn-Al alloy coated steel
sheet. The coating appearance and the bl ackening resistance of the 5

I ti d |..sh al d. Th h f
Chown | n TABIS P a1 TABRESS PgRLmen ult e CEoHE g OPA (1 on
[ L , d f
Concontr a0 QoY e R 8 ERFL AR REC RS MOIR D 1

coati ng tég@genguyﬁfg% ;g coating treatment condition (coating bath
tenperature, tine of §ipping in bath, rate of cooling to 250C after

coating) of eagl coatgdishieslashigelys Thewhhgcthon&fuigy egt Epxphase
of the Zn-Al -MyZn2 ternary eutectic (area percentage in a coating

| ayer xroggalddeseqt icadsel-skbeids Af MpAa rige N agey s eslf e€driidn &¥ t he
particle dianmeter (average major dianeter) of the Zn-Al binary
eut'ecti c wer e Higassr édchyudé bedahdversdetonihgdinet beghlts of T
presence or absence and the degree of concentration of Ni into the
out er nost asalkysee dayerrfpoesi of ofattihey 2@ yeost ofigcbayen Gias eval uat ed
by the above-descri bed GDS anal ysis on the basis of the follow ng
criteria. 0: tH&-pfaksopnceretanatardd dipgappeahevwing ridur [defipd tdame
position as that of the peak of concentrated Zn A. the peak of
concent r aPE® NP2 IRipcHrrdned R Tt RE BIvRF Y YUREhie Rdt érirAl- side) sonewhat
i nner_than the peak of - 33 - concentrated Zn x: the peak of
concentrated Ni appears on the side (basis material side) inner than
t he peaks of e at | arance and the
bl ackeni ng reS|s%§ﬁ%%£gk?8£L%§¥%% ed§%§sF e #nggﬁﬁ%g eval uati on

met hods. (1) ti.Nng:appeagan - For ej ﬂgﬁ esi on
The nunber of glrog’l—gir}%rrg?l t é?sgfldé%s%gatgghgtggltngﬁ% Oé(%%e e)ngf % ned

area (70 g Xsg00: R 9fe PHebafe Phvd e diPt (idkagRedl ratdoYe& 0 ot

steel sheet was counted visually, and eval uation was performed on the
basis of the"{gtéidty ddadedCkibeli shed¥ ade ihQldeat henovasi®valmat ed
as "good". Grade 5: no foreign matter adhered 15G ade 4: 1 foreign
mat t er5 adhdled éb@iting:1addrocdntaisligyg 1Ed tey dCageecedt Gadeasds of to
6 foreign matters adhered Grade 1: 7 or nore foreign nmatters adhered
(1-2) Spahgl e0sk zeo 20 Theawehicky spasg | &f Ny mbO0Bhéchot 1 dperZentAl
all oy coated steel sheet was photographed with a stereo m croscope
(magni fi cayi sasefod Nt mss) thehsenahhder ofomgnaeyl @fcéneandn a
predeterm ned area (70 nm x 100 nn% was counted. The spangle

equi val enfingifenealyi et ieSpaRghe 5¢3e) M DT Igeeerhi Actodnl t he
basi s of gggegollomﬁng equation, and - 34 -

20 In the invention coated steel sheet, Mg is added to the
hot-dip Zn-Al alloy coating layer mainly for the purpese of
obtaining a beautiful coating appearance with metallic
luster, in which no spangle or very fine spangles are formed,
and Ni is added to the above-described coating layer mainly

25 for the purpose of improving the blackening resistance.



eval uati on was performed on the basis of the following five criteria.
G ade 4 or better was-eval uated as "good" in surface appearance
because spangles were significantly fine in visual observation.

5[ measurenent area]/[the nunber of spangle cores] = where d: spangle
equi valent circle dianeter n: the circular constant G ade 5: no
spangl e 10G ade 4: spangle size is 0.2 mmor |ess G ade 3:
spangle size is nore than 0.2 mm and 1.0 mmor |ess G ade 2:
spangle size is nore than 1.0 mm and 2.0 mmor |ess 15G ade 1:
spangle size is nore than 2.0 nm (1-3)12Cel or tone and gl oss The col or
tone of the hot-dip Zn-A alloy coated steel sheet was observed
visually and, in addition, the gl ossiness (60 degree specular gl oss)

\é\gzl ?g?uﬁﬁgc%ﬁoﬁa@l Si.s NIEL Gl o gg @%Hﬁ%iﬁ%él Qﬁ;%ﬂ QB the

omnng ivé criteria r ett rwas eval uat ed

as "good" 0 0,
G ade 4: tclo%!eggf'ft aylaﬁg’s\% ﬁfﬁgggnggoéfz%ﬁﬁpmﬁlgkgea;gfgué?a?/fz

to 300 -Mm35is kadered fdﬂ&%eoflmekbveﬁeﬂf ay80hd ®132%cFiage 10 tinge
of silver mrror color351 or nore (2) Blackening resistancé Test

pi eces (5QeRMskaRBe MRrMRITE dRken chr 6 Khe hmirtdidrnoré)- Aheal | oy
coated steel sheet, and the test pieces were nutually |lam nated. A

test (bl ackerieAgraessy ,of MiwHingle the bestrpdecesinmfroe ploaddohonfl0
days in a wet atnosphere (relative humdity: 95% or nore,

t enper at urtdre 486} ingataper farmee. efiiectaftBoye tapproprdlarelyl byi nance
| evel) of the 10 test piece surface was neasured with a color

di f f er enceomstred 1ongt blee beayd singf rRtB- ZEBFR2ceyed iwidiiignan and t he
change in L value (AL) between before and after the blackening test
was det er ARPE@PTrFRESHIARKRNI ng resi stance was eval uated on the basis

of the follomﬁn f|ve rit 15 Gade 3 better was effective,
and anong then? ?ﬁeﬁﬂ@F%ﬁE§O%3aT{wﬁQﬁjQQ?pDQSH ". ade 5:

12 Grgge fon}ﬁ%.sl%lfgﬂo?f;g?% hot- dae]1p Z‘Faglle ?l%%dcqaz%r e‘fCZiLaY%f f\lo_z*g to
i ndi cate t{};ege%klt%\ggggfgg%e&réo a?s5*1n>éoF%aﬁgonp &ame@}@p ) LelAAkY g

eutectic o I nt er net al und 1n e coating

*
g;ﬁgel520Yfea¥ﬁ%ngﬁgg?%gﬁhgéigg%Sgﬁg%héggégrP%ESI?%Q$%§9§%§%EPﬁégr?on
of the inventi @f the Al content in the coating layer is less than 1.0
percent by mass, a thick Fe-Zn alloy layer is formed at the
15 interface between the coating layer and a substrate so as to
deteriorate the workability. On the other hand, if the Al
content exceeds 10 percent by mass, an eutectic texture of
zn and Al is not obtained, and an Al-rich layer increases so
as to deteriorate the sacrificial protection function.
20 Conseguently, the corrosion resistance of an end surface
portion becomes poor. Moreover, when it is intended to
obtain a coating layer having an Al content exceeding 10
percent by mass, top dross primarily containing Al easily

occurs in a coating bath and, thereby, a problem occurs in

25 that the coating appearance is impaired. For the above-
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described reasons, thé Al content in the ceoating laver is
specified to be 1.0 to 10 percent by mass, and preferably 3
to 7 percent by mass.

One of objects of the present invention is to eliminate

5 a spangle (achieve zero-spangle) specific to the hot-dip Zn-
Al alloy coating having a GF composition or form very fine
spangles and to obtain albeautiful coating appeafance with
metallic luster without defective coating. The inventors of
the present invention conducted the following experiment in.

10 order to examine the relationship between the coating
composition and the coating appearance.

Merely Mg was added to a hot-dip Zn-Al alloy cecating
bath containing Al of GF composition (4 to 5 percent by
mass) and merely Ni is added to another coating bath. Steel

15 sheets were subjected to hot-dip Zn-Al alloy ceocating with
these coating baths. The coating appearance (in particuiar,
the spangle'size, the degree of dross adhesion, the color
tone, and the gloss) of each of the resulting coated steel
sheet was observed visually. As a result, regarding the

20 coating layer containing Ni, no change was observed in the
coating appearance in the range of experiment conducted by
the inventors of the present invention, and the coating
appearance was almost equal to that of common GF. However,
regarding the coating'layer contalining Mg, the spangle size,

25 the color tone, and the gloss were changed depending on the
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amount of addition of Mg.

A steel sheet was plated by using a hot-dip Zn;Al alloy
coéting bath prepared by adding 0 to 3 percent by mass of Mg
to the hot-dip Zn-Al alloy coating bath (total content of Ce
and La as a misch metal was 0.008 percent by mass)
containing 4 to 5 percent by mass of Al and 0.03 percent by
mass of Ni. The relationship between the Mg content in the
coating layer and the coating appearance {(the spangle size,
the degree of dross adhesion, and the color tone) was
examined. The results thereof are shown in Fig. 1.
According to this, the spangle size begins to become finer
as the Mg content becomes 0.1 percent by.mass or more. The
spangle is almost eliminated and the color tone becomes a
tinge of white with metallic luster as the Mg content
becomes 0.2 percent by mass or more. If the Mg content is
less than 0.2 percent by mass, the blackening resistance
also deteriorates. This is because, as described later,
concentration of Ni into the outermost surface layer portiocn’
of the coating layer does not occur when the content of Mg
coexistent with.Ni in the.coating layer is less than 0.2
percent by mass and, as a result, the blackening resistance
deteriorates. On the other hand, if the Mg content exceeds
1.0 percent by mass, the color tone changes to grayish white
and to gray sequentially, and dross adhesion increases.

Furthermore, if the Mg content exceeds 1.0 percent by mass,
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there are problems in that cracking easily occurs in the
coating layer and the workability deteriorates. If the Mg
content is too large, the blackening resistance deteriorates.

Therefore, the lower limit of the Mg content in the
coating layer is specified to be 0.2 percent by mass to
obtain a beautiful coating appearance and excellent
blackening resistance, and the upper limit is specified to
be 1.0 percent by mass from the viewpoint of preventing
dross adhesion and deterioration of color tone and
furthermore, preventing detericration of workability.

As described above, regarding the coating composition,
Mg mainly contributes to improvement of the ceoating
appearance and N1 mainly contributes to improvement of the
blackéning resistance. As a result of the study of the
inventors of the present invention, it was found that for Ni,
the coexistence with Mg was indispensable to exert the
effect of improving the blackening resistance. That is, it
was found that Mg had a function of forming a beautiful
coating appearance and, in addition, Mg facilitated
indirectly the effect of improving the blackening resistance
through coexistence with Ni. This was able to be made clear
by analyzing the coating layers in the depth direction by
using glow discharge optical emission spectroscopy (GDS)
regarding coated steel sheets having different blackening

resistance. An example of the analytical results is
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described below.

Regarding three types of hot-dip Zn-Al alloy coated
steel sheets having GF compositions (in each case, the rate
of cooling to 250°C after coating was 5°C/sec), as described
in the following items (1} to (3), the form of concentration
of each element of Al, Zn, Mg, and Ni was examined in the
depth direction from the coéting layer surface.

(1) A coated steel sheet containing merely Mg in a coating
layer and exhibiting poor blackening resistance

(2) A coated steel sheet containing merely Ni in a coating
layer and exhibiting poor blackening resistance

(3) A coated steel sheet containing Mg and Ni in a coating
layer and exhibiting excellent blackening resistance

It is believed that the blackening is a probklem of the
coating surface. Therefore, portions from the outermost
surface to the depth of about 200 nm (2,000 A) of samples
(coated steel sheets) of the above-described items (1) to
(3) were analyzed intensively. The results thereof are
shown in Fig. 2. In this analysis of coating component
elements, a GDS analyzer was used, and the analysis was
performed by discharging in the depth direction at an anode
diameter of 4 mm and a current of 20 mA for 30 seconds.

As is shown in Fig. 2, each of the samples of the
above-described items (1) to (3) exhibits a peak of each

concentrated coating component in the vicinity of the

z
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coating surface. It is clear that the concentration form of
each element is subtly different from one sample to another.

Regarding the coating layer of the sample (1)
containing merely Mg and exhibiting poor blackening
resistance, the peak of concentrated Mg is observed at
nearly the same position as that of Zn of the outermost
layer portion (outermost surface), and the peak of
concentrated Al is observed on the side (basis material
side) inﬁer than the peaks of concentrated Zn and Mg.

Regafding the concentration peaks of the coéting layer
of the sample (2) containing merely Ni and exhibiting poor
blackening resistance, Al is observed following Zn of the
outermost layer portion, and the peak of concentrated Ni is
observed on the side (basis material side) inner than the
peak of concentrated Al.

On the other hand, regarding the coating layer of the
sample (3} contairning Mg and Ni and exhibiting excellent |
blackening resistance, the peak of concentrated Ni is
observed in the outermost surface layer portion similarly to
Zn, and each of the peaks of concentrated Mg and Al is
observed on the side (basis material side) inner than the
peak of concentrated Ni.

Although not shown in Fig. 2, a coated steel sheet, in
which Mg and Ni coexist in the coating layer in the same

amount as those in the sample (3), which was produced at the
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rate of cooling to 250°C after the coating of 30°C/sec, and
which did not exert significant effect on the blackening
resistance, was similarly analyzed. It was found that
concentration of Ni into the outermost surface layer portion

5 of the coating layer was less than the concentration of Ni
in the sample (3).

?rom the above-described analytical results, it was
found that Ni was concentrated into the outermost layer
portion of the coating layer exhibiting excellent blackening

10 resistance and the coexistence of Mg is required for the
concentration of Ni into the outermost layer portion.
Furthermore, it was found that the concentration of Ni is
influenced by the cooling rate after the coating.

From the above-described results of analysis with

15 fluorescent X-rays, it is estimated that the concentration
of Ni is present between the outermost surface of the
coating and a position at a depth of about 30 nm (300 Ay.

In general, from the viewpoint of the standard energy
of oxide generation, Al and Mg have a strong property of

20 being oxidized as compared with that of Zn. Conversely, Ni
is an element having a weak property of being oxidized. It
is assumed that a coating component element having a strong
property of being oxidized diffuses (moves and concentrates)
to the outermost surface of the coating layer and takes away

25 a part of oxygen of zinc oxide which have been generated on
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the outermost surface of the coating layer so as to convert
zinc oxide to oxygen-deficient zinc oxide and, thereby,
blackening occurs. Therefore, it is believed that Mg
concentrated into the outermost layer portion takes away
oxygen of zinc oxide in the coating layer of the sample (1)
exhibiting poor blackening resistance so as to convert zinc
oxide to oxygen-deficient zinc oxide. Likewise, Al having a
strong property of being oxidized takes away oxygen of zinc
oxide in the coating layer of the sample (2) exhibiting poor
bléckening resistance so as to convert zinc oxide to oxygen-
deficient zinc oxide because Al is concentrated on the side
nearer to the surface layer than is Ni.

On the other hand, it is beliéved that Ni having a weak
property of being oxidized is concentrated into the
outermost surface layer portion of the coating layer of the
sample (3) exhibiting excellent blackening resistance, this
serves as a barrier layer so as to suppress diffusion
{movement and concentration) of coexisting Mg and Al into
the outermost surface layer portion and, thereby, the
blackening resistance is improved.

That is, the improvement of blackening resistance
reqguires that Ni is concentrated into the outermost surface
layer §ortion of the coating layer so as to serve as some
barrier layer. The concentration of Ni into the outermost

surface layer portion of the coating layer is believed to
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occur by coexistence of Mg. However, the mechanism of the
movement and concentration of Ni into the outérmost surface
layer portion of the coating layer due to Coexiétence with

Mg is not completely certain under the present circumstances.

If the Ni content in the coating layer is less than
0.005 percent by mass, the degree of concentration of Ni
into the outermost surface layer portion of the coating
layer is low even when Mg is present together, so that an
effect of improving the blackening resistance is not exerted.
Conversely, even when the Ni content is 0.005 percent by
mass or more, if the Mg content is less than 0.2 percent by
mass, concentration of Ni inte the outermost surface layer
portion does not occur.

If the Ni content exceeds 0.1 percent by mass, although
the effect of improving the blackening resistance is exerted,
Al-Mg dross containing Ni occurs in the coating bath, and
the coating appearance is impaired due to dross adhesion
unfavorably.

For the above-described reasons, in the present
invention, the Ni content in the coating layer is specified
to be 0.005 to 0.1 percent by mass and, as described above,
the Mg content is specified to be 0.2 to 1.0 percent by mass.

In this manner, a hot-dip Zn-Al alloy coated steel
sheet exhibiting a beautiful ccating appearance with

metallic luster, in which no spangle or very fine spangles
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are formed, and having excellent blackening resistance can
be produéed by allowing the coating layer having a GF
composition to contain appropriate amounts of Mg and Ni.

The coating layer of the invention coated steel sheet
can include a misch metal containing Ce and/or La. This
misch metal containing Ce and/or La has no effect on
achievement of zero-spangle but performs the functions of
increasing the fluidity of the coating bath, preventiﬁg
cccurrence of a fine defective-coating~like pinhole, and '
smoothing the coating surface.

If the misch metal content is less than 0.005 percent
by mass in total of Ce and La, the effect of suppressing
occurrence of pinhole is exerted insufficiently, and no
effect is exerted on smoothing of the surface. On the other
hand, if the total content of Ce and La exceeds 0.05 percent
by mass, they are present in the coating bath as undissolved
suspended matters, and they adhere to the coating surface so
as to impair the coating appearance. Therefore, it is
favorable that the content of misch metal containing Ce
and/or La is 0.005 to 0.05 percent by mass in total of Ce
and La, and desirably 0.007 to 0.02 percent by mass,

Fig. 3 is a SEM photograph of a cross-section of
coating layer (Al: 4.4 percent by mass, Mg: 0.6 percent by
mass, Ni: 0.03 percent by mass, the remainder: Zn) of the

invention coated steel sheet. According to the above-
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described SEM photograph, fine-grained charcoal gray
precipitates were interspersed in pro-utectic Zn (white
portion), and grayish white precipitates with a banded
pattern were observed along charcoal gray precipitates.

This coating layer was subjected to X-ray diffraction from a
surface and was subjected to element ana;ysis by EDX from a
cross—section and a surface. Fig. 4 shows the result of X-
ray diffraction. Fig. 5 shows the results of EDX analyses
of cross-sections of coating layers (EDX element mapping and
EDX spectrum, mapping data type: net count, magnification:
3,000 times, acceleration voltage: 5.0 kV). Fig. 6 shows
the results of EDX analyses of surfaces of coating layers
(EDX element mapping and EDX spectrum, mapping data type:
net count, magnification: 3,000 times, acceleration voltage:
10.0 kV).

From these results, MgZny was identified as
intermetallic compound in the coating layer of the invention
coated steel sheet. The fine-grained charcoal gray
precipitates were estimated to be Zn-Al binary eutectic
primarily containing Al, and were interspersed throughout _
the coating layer. It was gstimated that the grayish white
banded pattern was ternary eutectic of MgZny, Zn, and Al
{hereafter referred to as Zn-Al-MgZny ternary eutectic)
primarily containing MgZny; identified as the intermetallic

compound. This ternary eutectic spread into the shape of a
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network particularly in the vicinity of the coating layer
surface, -and the fine-grained An-Al bilnary eutectic was
interspersed in this network.

For purposes of comparison, a cross-section and a
surface of the coating layer of common GF (Al: 4.3 percent
by mass, the remainder: Zn) were subjectedlto EDX analysis.
Fig. 7 shows the results of EDX analyses of cross-secticns
of coating layers (EDX element mapping and EDX spectrum,
mapping data type: net count, magnification: 3,000 times,
acceleration voltage: 5.0 kV). Fig. 8 shows the results of
EDX analyses of surfaces of coating layers (EDX element
mapping and EDX spectrum, mapping data type: net count,
magnification: 3,000’times, acceleration voltage: 10.0 kv).
The coating layer of this GF is composed of white pro-
eutectic Zn and charcoal gray Zn-Al binary eutectic. This
binary eutectic presents on the ceoating layer surface and in
the vicinity of the interface continuously and is large
significantly as compared with the Zn-Al binary eutectic of
the invention coated steel sheet.

Altﬁough'the data is not provided, Zn-Al binary
entectic was present in the center portion of the hexagonal
pattern. Therefore, it was believed that the Zn-Al binary
eutectic serves as a core for forming the hexagonal pattern.

Consequently, regarding the Zn-Al binary eutectic and

the Zn-Al-MgZn; ternary eutectic in the coating layer of the
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invention coated steel sheet, particle diameters, fractions
of eutectic phases, and the like were examined in detail.
As a result, it was found that in the invention coated steel
sheet, the fraction of eutectic phase of the Zn-Al-MgZns
ternary eutectic was 10 to 30 percent by area in terms of an
area percentage in a coating layer cross-section, and a
beautiful coating appearance without hexagonal pattern was
ablé to be obtainéd at such a fraction of eutectic phase.
This mechanism is not completely certain in detail but is
estimated as described below from the above-described
analytical results. If it is assumed that the Zn-Al binary
eutectic serves as a core of the hexagonal pattern of GF,
continuous large Zn-Al binary eutectic is formed in common
GF and, thereby, a state in which few cores are present is
brought about, and the hexagonal pattern is formed and grown.
However, in the invention coating layer containing Mg, the
Zn-Al~-MgZny ternary eutectic forms a network during
solidification, the Zn-Al binary eutectic, which serves as a
core of the hexagonal pattern, is segmented and fine-grained,
so that cores increase. As a result, a beautiful coating
appearance without hexagonal pattern can be obtained.

The above-described invention coated steel sheet was
bended and the surface and the cross-section of the coating
layer were cbserved with an optical microscope. When the

bending was performed at 2T or more, the degree of
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occurrence of cracking was nearly equal to that of GF.
Therefore, it was determined that the workability in common
bending was nearly equa; to the workability of GF.

The fraction of eutectic phase of the Zn-Al-MgiZns
ternary eutectic (area percentage in a coating layer cross-
section of the Zn-Al-MgZny; ternary eutectic and, hereafter,
the same holds true) becomes less than 10 percent by area in
the case where the Mg content in the coating layer is less
than 2 percent by mass. Since formation of Zn-Al-Mgins
ternary eutectic is at a low level, the Zn-Al binary
euntectic is fine-grained insufficiently, and spangles are
formed. On fhe other hand, the fraction of eutectic phase
of the Zn-Al-MgZn; ternary eutectic exceeds 30 percent by
area in the case where the Mg content in the cbating layer
exceeds 1.0 percent by mass. The coating appearance is
beautiful. However, the hardness of the coating layer
increases.as the content of MgZn; increases. Consequently,
large cracking easily occurs during bending, and the
workability deteriorates.

The particle diameter of the Zn-Al binary eutectic is
affected by the fraction of eutectic phase of the Zn-Al-
MgZns ternary eutectic. If this fraction of eutectic phase
of the Zn-Al-MgZn; ternary eutectic is within the range of
10 to 30 percent by area, the average major diameter becomes

10 pm or less. The major diameter of the Zn-Al binary
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eutectic exceeds 10 um in the case where the Mg content in
the coating layer is less than 2 percent by mass. The Zn-Al
binary eutectic is fine—grainéd insufficiently, and
formation of fine hexagonal patterns is started, so that a
beautiful coating appearance with metallic luster is not
obtained.

Here, the fraction of eutectic phase of the Zn-Al-MgZnj
ternary eutectic and the particle diameter (average major
diameter) of the Zn-Al binary eutectic are measured as
described below. At least eight objects are randomly
selected from a SEM photograph {(for example, magnification
is 3,000 times) of a cross-section of the coating layer.
Regarding each object, the area of the entire coating layer
is determined. Subsequently, the area of the Zn-Al-MgZns
ternary eutectic is determined and a proportion of the area
in the entire coating layer is calculated on an objeét basis.
The average value of them is taken as the fraction of
eutectic phase. Regarding an object of a similar SEM
photograph of a cross-section, the maximum length of each
Zn-Al binary eutectic (refer to Fig. 9) is'measured as the
major diameter, and the average value of them is taken as

the average major diameter.

A method for manufacturing the. invention coated steel

sheet will be described below.
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The steel sheet to be used as a substfate steel sheet
in the present invention ﬁay be selected appropriately from
known steel sheets in accordance with the use and is not
specifically limited. For example, it is preferable that a
low carbon aluminum killed steel sheet or an ultra low
carbon steel sheet is used from the viewpoint of a .coating
operation.

In the method for manufacturing the invention coated
steel sheet, a steel sheet (substrate steel sheet) is dipped
in a hot-dip Zn-Al alloy coating bath, hot-dip (melt)
coating is performed and, thereafter, the steel sheet is
pulléd up from the above-described coating bath and is
cooled, so that a hot-dip Zn-Rl alloy coating layer is
formed on a steel sheet surface. The resulting coating
layer contains 1.0 to 10 percent by mass of Al, 0.2 to 1.0
percent by mass of Mg, 0.005 to 0.1 percent by mass of Ni,
and the remainder composed of Zn and incidental impurities.
Therefore, .preferably, the bath composition of the hot-dip
Zn~-Al alloy coating bath is adjusted to become substantially
the same as the alloy coating layer composition.

As described above, Ni is concentrated into the
outermost surface layer portion of the hot~dip Zn-Al alloy
coating layer.

The inventors -of the present invention conducted

intensive research particularly on the Mg and Ni contents in
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the hot-dip Zn-Al alloy coating layer, the cooling rate
after the coating, and the behavior of concentration of
coating componeht elemeﬁts into the outermost surface layer
portion of the coating layer. As a result, it was found

that the coexistence of Mg with Ni was indispensable for

"improving the blackening resistance, that is, concentration

of Ni into the outermost surface layer portion of the
coating layer, as described above, and this concentration of
Ni was also influenced significantly by the rate of cocling
to 250°C after coating.

It is known that metals e.g.,rAl, Mg, and Ni, in the
hot-dip Zn-Al alloy coating layer gradually diffuse toward
the outermost surface of the coating layer during the time
pericd until the metals are solidified and reach ambient
temperature after the coating. In particular, it was found
that the concentration of Ni into the outermost surface of
the coating layer, to which attention was given by the
inventors of the present invention in the experiment, was
influenced significantly by the rate of cooling to 250°C
after the ceoating. On the other hand, the ccoling rate in
the range lower than 250°C had almost no influence on the
concentration of Mg and Ni.

Specifically, it was found that the concentration of Ni
into the outermost surface layer portion of the coating

layer was able to be facilitated more effectively by
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controlling the rate of cooling of the coated steel sheet
pulled up from the hot-dip Zn-Al alloy coating bath to 250°C
at 1°C to 15°C/sec, and preferably 2°C to 10°C)5ec. If the
rate of cooling of the coated steel sheet pulled up from the
5 coating bath to 250°C is less than 1°C/sec, although Ni is
concentrated into the outermost surface layer portion of the
coating layer, an alloy layer grows in the coating layer,
hexagonal patterns are formed so as to impair the appearance
and cause deterioration of workability. On the other hand,

10 if the cooling rate exceeds 15°C/sec, concentration of Ni
into the outermecst surface layer portion of the coating
layer is reduced even whgn the Mg content is within the
range of-0.2 to 1.0 percent by mass and the Ni content is
within the range of 0.005 to 0.1 percent by mass in the

15 coating layer, and a significant effect is not exerted on
the blackening resistance. If the rate of cooling to 250°C
exceeds 15°C/sec, the f?action of eutectic phase of the Zn-
Al-MgZnz ternary eutectic in the coating layer may become
less than 10%, and fine hexagonal patterns may be formed.

20 Consequently, it is preferable that the rate of cooling of
the ccated steel sheet pulled up from the hot-dip Zn-2al
alloy coating bath to 250°C is specified to be 1°C to
15°C/sec, and desirably-2°C to 10°C/sec.

Preferably, the éoating bath temperature is specified

25 to be within the range of 390°C to 500°C. If the coating
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bath temperature is lower than 390°C, the viscosity of the
coating bath increases and the coating surface easily
becomes uneven. ©On the other hand, if the temperature
exceeds 500°C, the dross in the coating bath easily
5 1increases.

The coating layer surface (in the case where both
"surfaces are provided with coating layers, the surface of at
least one coating layer) of the invention coated steel sheet
may bercoated with a resin, ;o that a resin-coated steel

10 sheet may be produced. This resin-coated steel sheet is
usually produced by forming chemical-conversion-treated
layer on the coating layer surface, and forming a resin
layer thereon. If necessary, a primer layer may be disposed
between the chemical-conversion-treated layer and the resin

15 layer.

The chemical-conversion-treated layer, the primer layer,
and the resin layer to be applied may be those adopted for a
common precoated steel sheet.

. For the formafion of the above-described chemical-

20 conversion-treated layer, a chromate treatment with a common
treatment solution containing chromic acid, dichromic acid,
or a salt thereof as a primary component may be applied.
Alternatively, a chromium-free treatment with, for example,
a titanium or zirconium based treatment solution containing

25 no chromium may be applied.
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applied so as to produce a resin-coated steel sheet. Regarding the
resulting resin-coated steel sheet, thg painting appearance, the

pai nting fil madhesion (Erichsen cupplng) bendi ng workability (1T
bendi ng) , and the like were eval uated. I'n the production of the
resin-coated steel sheet, there are relatively few cases in which the
chenmi cal conveT@ﬁ(ﬁ?QﬂeeQFﬁEﬁﬂng PEIROT N STuSERaPR ef OFRRY dodt i IR,
Ther ef or e, Eiratelg'fron1the st eel, _sheet, Produ ed b{ E ornln%nthe
cheni cal @5ﬁ9 &1 PR TER T PE RS aBpVP%%H|%nF%ﬁ CRELSERRE PLERT Y he

applicati of the 1opc sin ust after th coating w_tens
of "sanpl ed 22at SAPTRISR (Y ¢ S?Engn)ﬁe’ftgp?am e PseRLg anhEonElin

subsequenthyostgod. 0N 0 Ang0bhe SPAEL 00acB o dogr soaL 00

[ine until em ca converS|oﬁ rea or neé ardi ng

the resul ti;pg18kgel osde8ipe tchaenétl%gn@f Q6 CLE S &G %t%f s Eﬁif_eah?gtﬁ@d

the like of the coating sur ace were exam ned, "and thé chefii ca

conver si on ikkgabhFENbleddt@ aRpldiCalkia@n @ﬁet@@gaqucn&re,sﬁn@ft B8 epoxy
application of the topcoat (resin) were perforned. For the treatnent

agent of theiehen palyearensisim,t ceabdEiied "pABRGHHr (lesade aane,
produced by N hon Parkerizing Co., Ltd.) was used in the
modified epoxy resin, and the like. A high-workability
painting film can also be produced by adding a color pigment
10 or an extender pigment to the primer.
The above-described resin layer can be formed by
applying and baking an appropriate amount of topcoat paint,
e.g., a generally known polyester paint, fluororesin paint,
acrylic resin paint, wvinyl chloride based paint, and
‘15 silicone resin paint. The film thickness of the resin layer
and- the application method (spray coating, roll coating,
brush coating, or the like) may be the same as those for a
commen precoated steel sheet.
The baking (drying) condition in formation of the
20 above~described chemical-conversion-treated layer, the

primer layer, and the resin layer may be a generally adopted

condition of 50°C to 2B80°C x 30 seconds or more.

EXAMPLES

25 In a continuous hot-dip Zn-Al alloy coating facility,



- 40 - chromate treatnent, and "CT-E320" (trade nanme, produced by

Ni hon Parkerizing Co., Ltd.) was used in the chromumfree treatnent.
For the prinmer, "JT250" (trade nane, produced by N PPON FI NE
COATINGS, Inc.), which was an epoxy paint, was used. For the

pol yester topcoat paint, "KP1500" (trade nane, produced by Kansai
Paint Co., Ltd.) was used, and for fluororesin topcoat, "Precolor NO
8800" (trade nane, produced by BASF Japan Ltd.) was used. Tabl e
3 and Table 4 show the appearance after painting, the painting film
adhesi on, and the bendi ng wor kabi | i-t y20f each product and the

bl ackeni ng resi stance of the sanple stood for 60 days before the
chem cal conversion treatnent, as well as each type of the

chenmi cal a%omﬁ‘éﬁﬁle%e&rﬁf‘t}@ﬁlleﬁi’%ﬂteeﬁh%h%t "BiviRy el srad theckangeat -
(resin) layer. Regardi ng the bl ackeni ng resistance of the test

pi ece stoadof arnf0afays Helay &ildie offem 68b wRNYEY SiAndipeatiaesl, the
L value (lum nance |level) of the test p| ece surface was neasured with
a col or did fagr eacproBties Hrhdthelipaginsnof 2l &7-Ed2%spawidli cakieans.

The change in L value (AL) between before and after the standing was
det er m neghe @adtévial Hppeotanes et frbwenbdaokeh ey bhass isteihdehe £f ithe
criteria as in the above-described "(2) Bl ackeni ng resistance".

The appearsswigiakt epapadnster] sHeetpaentei agaludieddhddicomesaddst he
bendi ng workability were evaluated by the follow ng eval uation :
met hods. themgpf are( ghowppbarkaile df ted pabhei Agtogethemhariddy fthee of
the resin-coated steel sheet was observed visually, and eval uation
was perfd?(??édr’@n CORBCBAELGN 0 fa‘ferrrea%moawmt%ﬁ%e s (RIGSENCE o ade

3: there is no | ack of h|d|n S ttern ade 2 here is a
e T RiE e Parn ehet e hee I FRrrent tRr a8 4F %Jne]rrétcig Sack of
adhesj

o 222%8%%@%%% Raragh,! %‘%%f Gl o BB UL B yameniho

Blegfg%) }tci% | &%g?gﬁgagsc perj?%rrbrrélcf\égﬁtt?ﬁg %%gh%ee%e nurfber
of peel ed}ﬁﬁé’%@ Badesar bhes, i Mhddiod ebouhoesi ye ot idida G ade

no peeling Gra t he nunber of peel ed squares is 1 to 5 pieces

dade 3: éé’@tﬂgﬁb@f @fac@e@bgge§q¢11eéeg|§ dheck .t 0 15 pieces Grade 2: the
nunber of peeled squares is 16 to 35 pieces Gade 1: the nunber of

peel ed squar eThies £36cpi et esf asutrartd o phaBendf nghava@rncatli-Mdzy - The
test piece of the resin-coated steel sheet was subjected to 1T

bendi ng (i8trategread-dotidi fgreasppecdrdransd inn aseoht angalawesr taross-
sandwi ch one tabul ar sheet having the same - 42 - thickness as that
of thibtesechiare)f dilg, Znhélekfiier warnadiyesifectapk ard Huthered and
peel ed off. The state of the painting was observed, and eval uation
was per f OPAEHI @k tHEAMSESITs (GVernge fB] i Hgneibes) cPft BReaZn-Al G ade

5: alnbst_ npo cracking occurred, and n | ing occyrred G.ade 4:
cracki ng BEREHFY e‘%i-“'sﬁfﬁg@rﬁ I“'}?reaﬁﬁaﬁ‘dr%%g?fr%‘eoég’@ﬂae escribeg Jupthpd.
cracki ng occur ed free uecnt I fy_ asnd eeaﬂsigg: éur]r:eg |£ 0l{gar tt oft t he
sanpl e (areaé} ETCEFECEf OF ST DG HG8EST A P HARAGE of
peel ing ofe 16 10r e PALIALE chosBr 63, PRLLONIAGE B LRBRI LROLRL S1% or

nore |nd|c ow ng matter.

1 Nu er% 5 gh af maqsr adadaseni Hpckid atﬂlﬁr -Sesekibeat ey of the
|nven?§)on © g -&Be%a% ng wor kaE])' ity 11LCO) eLO LO LO
analysis on the basis of the following criteria.
O: the peak of concentrated Ni appears at nearly the
same position as that of the peak of concentrated Zn

A: the peak of concentrated Ni appears on the side

25 (basis material side) somewhat inner than the peak of
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concentrated Zn
x: the peak of concentrated Ni appears on the side
(basis material side) inner than the pezks of concentrated
Al and Mg
5 The coating appearance and the blackening resistance
were evaluated by the following evaluation methods.
(1) Coating appearance
(1-1) Foreign matter (dross) adhesion
The number of foreign matters (dross} adhered to a
10 predetermined area (70 mm x 100 mm) of surface of the hot-
dip Zn-Al alloy coated steel sheet was counted visually, and
evaluation was performed on the basis of the following five
criteria. Grade 4 or better was evaluated as "good“.
Grade 5: no foreign matter adhered
15 Grade 4: 1 foreign mattér adhered
Grade 3: 2 to 3 foreign matters adhered
Grade 2: 4 to 6 foreign matters adhered
Grade 1: 7 or more foreign matters adhered
(1-2) Spangle size
20 The surface spangle form of the hot-dip Zn-Al alloy
coated steel sheet was photographed with a stereo microscope
{(magnification of 10 times). The number of spangle cores in
a predeterﬁined area (70 mm X 100 mm) was counted. The
spangle equivalent circle diameter (spangle size) was

25 determined on the basis of the following equation, and
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evaluation was performed on the basis of the following five
criteria. Grade 4 or better was evaluated as "good" in
surface appearance because spangles were significantly fine
in visual observation.

[measurement area]/[the number of spangle cores] =
n(d/2)”

where d: spangle equivalent circle diameter

#: the circular constant

Grade 5: no spangle

Grade 4: spangle size is 0.2 mm or less

Grade 3: spangle size is more than 0.2 mm, and 1.0 mm
or less

Grade 2: spangle size is more than 1.0 mm, and 2.0 mm
or less

Grade 1: spangle size is more than 2.0 mm
(1-3) Color tone and gloss

The color tone of the hot-dip Zn-Al alloy coated steel
sheet was observed visually and, in addition, the glossiness
(60 degrée specular gloss) was measured with a gloss meter.
Evaluation was performed on the basis of the following five

criteria. Grade 4 or better was evaluated as "good".

Color tone Glossiness
Grade 5: tinge of white - 100 to 200
Grade 4: tinge of grayish white 201 to 250

Grade 3: tinge of gray 251 to 300
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Grade 2: tinge of silver gray 301 to 350
Grade 1: tinge of silver mirror color 351 or more

(2) Blackening resistance
Test pieces (50 mm x 70 mm) were taken from the hot-dip
5 Zn-Al alloy coated steel sheet, and the test pieces were
mutually laminated. A test (blackening test), in which the
test pieces were stood for 10 days in a wet atmosphere
{relative humidity: 95% or more, tempera£ure: 49°C), was
performed. Thereafter, the L value (luminance level) of the
10 test piece surface was measured with a color difference
meter on the basis of JIS-2-8722 specifications, and the
change in L value (AL) between before and after the
blackening test was determined. The blackening resistance
was evaluated on the basis of the following five criteria.
15 Grade 3 or better was effective, and among them, Grade 4 or
better was evaluated as "good".
Grade 5: AL =0
Grade 4: AL = 1 to 3
Grade 3: AL = 4 to 8

20 Grade 2: AL 9 to 12

fl

Grade 1: AL 13 or more
In Table 1 and Table 2, *1 to *5 indicate the following
matters.

25 *]1 X: Area percentage of ternary eutectic of Zn-Al-Mg
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intermetallic compound in the coating layer
*2 Y: Average major diameter of Zn-Al binary eutectic
*3 Symbols O to x indicate the evaluation described in
the specification of the invention -
*4 Cooling rate: Rate of cooling to 250°C after coating
*5 Numbers indicate the grade described in the

specification of the invention
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The hot-dip Zn-Al alloy coated steel sheet produced as
described above was subjected to a chemical conversion
treatment, and application of a primer was performed, if
necessary. Subsequently, topcoat (resin) was applied so as
to produce a resin-coated steel sheet. Regarding the
resulting resin-coated steel sheet, the painting appearance,
the ‘painting f£ilm adhesion (Erichsen cupping), bending
workability (1T bending), and the like were evaluated.

" In the production of the resin-coated steel sheet,
there are relatively few cases in which the chemical
conversion treatment is performed just after the coating.
Therefore, separately from thé steel sheet produced by
performing the chemical conversion treatment, the
application of the primer, and the application of the

topcoat {resin) just after the coating, a few tens of

‘samples cut after the coating were laminated, packed and,

subsequently, stood for 60 days in a ceoil shed of an indoor
coating line until the chemical conversion treatment was
performed. Regarding the resulting steel sheet, the state

of occurrence of blackening and the like of the coating

surface were examined, and the chemical conversion treatment,

the application of the primer, and the application of the
topcoat {resin) were performed. For the treatment agent of
the chemical conversion treatment, "ZM3360H"™ (trade name,

produced by Nihon Parkerizing Co., Ltd.) was used in the
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chromate treatment, and "CT-E320" (trade name, produced by
Nihon Parkerizing Co., Ltd.) was used in the chromium-free
treatment. For the primer, "JT250" (trade name, produced by
NIPPON FINE COATINGS, Inc.), which was an epoxy paint, was
used. For the polyester topcoat paint, "KP1500" (trade name,
produced by Kansai Paint Co., Ltd.) was used, and for
fluororesin topcoat, "Precolor NO 8800" (trade name,

produced by BASF Japan Ltd.) was used.

Table 3 and Table 4 show the appearance after painting,
the painting film adhesion, and the bending workability of
each product and the blackening resistance of the sample
stood for 60 days before the chemical conversion treatment,
as well as each type of the chemical-conversion-treated
layer, the primer layer, and the topcoat (resin) layer.

Regarding the blackening resistance of the test piece
stood for 60 days before the chemical conversion treatment,
the L value (luminance level) of the test piece surface was
measured with a coleor difference meter on the basis of JIS-
Z-8722 specifications. The change in L value (AL) between
before and after the standing was determined, and evaluation
was performed on the basis of the five criteria as in the
above~described "({2) Blackening resistance”.

The appearance after painting, the painting film
adhesion, and the bending workabllity were evaluated by the

following evaluation methods.
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(3) Appearance after painting

The surface of the resin-coated steel sheet was
observed visually, and evaluation was performed on the basis
of the following three c?iteria.

Grade 3: there is no lack of hiding of spangle pattern

Grade 2: there is a little lack of hiding of spangle
pattern

Grade 1: there is lack of hiding of spangle pattern
{(4) Painting film adhesion

The test piece surface of the resin-coated steel sheet
was cut to have 100 pieces of cross-cut (sguares), an
adhesive tape was adhered and peeled off, and evaluation was
performed on the basis of the number of peeled squares, as
described in the following five criteria.

Grade 5: no peeling

Grade 4: the number of peeled sguares is 1 to 5 pieces

Grade 3: the number of peeled squares is 6 to 15 pieces

Grade 2: the number of peeled squares is 16 to 35
pieces

Grade 1: the number of peeled squares is 36 pieces or
more
(5) Bending workability

The test piece of the resin-coated steel sheet was
subjected to 1T bending (180-degree-bending was performed in

such a way as to sandwich one tabular sheet having the same
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thickness as that of the test piece) and, theresafter an
adhesive tape was adhered and peeled off. The state of the
painting was observed, and evaluation was performed on the
basis of the following five criteria.

Grade 5: almost no cracking occurred, and ne peeling
occurred

Grade 4: cracking occurred slightly, and no peeling
occurred

Grade 3: cracking occurred frequently, and peeling
occurred in a part 5f the sample (area percentage of less
than 10%)

Grade 2: area percentage of peeling of 11% to 50%

Grade 1: area percentage of peeling of -51% or more

In Table 3 and Table 4, *1 indicates the following
matter.
*1 Numbers indicate the grade described in the

.specification of the invention
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What is claimed is:

1. A hot-dip Zn-Al alloy coated steel sheet characterized
by comprising a hot-dip Zn-Al alloy coating layer containing
1.0 to 10 percent by mass of Al, 0.2 to 1.0 percent by mass
of Mg, 0.005 to 0.1 percent by mass of Ni, and the bhalance
being Zn and incidental impurities on at least one surface

of a steel sheet.

2. The hot-dip Zn-Al alloy coated steel sheet according
to Claim 1, characterized in that Ni is concentrated in an
outermost surface layer portion of the hot-dip Zn-Al alloy

coating layer.

3. The hot-dip Zn-Al alloy coated steel sheet according
to Claim 1 or Claim 2, characterized in that the hot-dip Zn-
Al alloy coating layer comprises binary eutectic of Zn-Al

and ternary eutectic of Al-Zn-Mg intermetallic compound.

4, The hot-dip Zn-Al alloy coated steel sheet according
to Claim 3, characterized in that the Mg intermetallic

compound is MgZnj.

5. The hot-dip Zn-Al .alloy coated steel sheet according

to Claim 3 or Claim 4, characterized in that the hot-dip Zn-
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Ex. -2; llnv. Ex. 24 Inv. Ex. 25 - 45 - Wat is clained is: 1. A
hot-dip Zn-Al alloy coated steel sheet characterized by conprising a
hot-dip Zn-Al alloy coating |ayer containing 1.0'to 10 percent by
mass of Al, 0.2 to 1.0 percent by nmass of My, 0.005 to 0.1 percent by
mass of N, and the bal ance being Zn and incidental inpurities on at
| east one surface of a steel sheet. 2. The hot-dip Zn-A all oy
coated steel sheet according to Caim £8 characterized in that N is
concentrated in an outernost surface |layer portion of the hot-dip
Zn-Al alloy coating layer. 3. The hot-dip Zn-Al alloy coated steel
sheet accaUizigidw ddaaiimgl 1ae€! ah8lddeshvr agd €30 24 dehtt Bt a8 of
hot-dip ZnAl alloy coating |ayer conprises binary eutectic of Zn-Al
and t er narbemaectdut eoft A oZnAMyZhAler het etrhatta JddRp @digdound. ofhe
hot-dip Zn-Al alloy coated steel sheet according to Caim 3,

char act er iczad d-rsedidont lvd Mpei nbethegaldyer dogieund is MgzZn2. 5. The
hot-dip Zn-Al alloy coated steel sheet according - 46 - Al alloy
coating layer includes 10 to 30 percent by area of ternary eutectic
of Al-Zn-My internetallic conpound on a cross-section of the coating
| ayer basis. 6. A nmethod for manufacturing a hot-dip Zn-A all oy
coated steel sheet, conprising the steps of dipping a steel. sheet
into a hotedi p Znmdthald @prcaahulgcha Ad; p.and.cool i ng

t he steel shii;bso as to forma hot-d%%nggggfﬂgf*%gzﬁba i éiPﬁyer on
a steel sHsat rsftaed, sbkatactempzedihd dhat eel sheet
pul l ed up fromthe coating bath Fs cool ed tgﬁiggcogtggpé%ggiﬁgs ate
of 1C to F3Eefedntand hot-dihezhehl diPlN-odatahO¥a¢8akhA0, # er
contains 1.0 to 10 percent by mass of Al, 0.2 to 1.0 perceﬁt %y TedR
of My, 0.058 £8°8ingpEhecntedy $west ofo Mis, tandottheababange, bgi g Zn

and incid al i rities.
%ﬂ&oy ng%lng fayer on a steel sheet surface,

characterized in that

the steel sheet pulled up from the coating bath is

cooled to 250°C at a cooling rate of 1°C to 15°C/sec, and

the hot-dip Zn-Al alloy coating layer contains 1.0 to

10 percent by mass of Al, 0.2 t0o 1.0 percent by mass of Mg

0.005 to 0.1 percent by mass of Ni, and the balance being Zn

and incidental impurities.



