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NSC-R698 - 1 DESCRI PTI ON
frererrrrererererrrrererererrrrererrrrrr *159159* H GH

CORROCSI ON RESI STANCE GALVANNEALED STEEL MATERI AL 5 NSC-R698
HAVI NG HAI RLI NE APPEARANCE TECHNICAL FI ELD The present
sppear ance useafor 1 nier sespivatnars or witert of AN

invention relates to a high corrosion resis%ance
gal vanneal ed steel material having a hairline MWM

of electrical equipnent, etc. BACKGROUND ART As "159159*
conventional steel materials having a hairline 15

appeaHasge CORRISTIONS RESTSTIANTE eALMANNTAS. D ITHIMOWMATERIAL

mierials aha r AL SEARRHR B ERRPERRARRE T o e

LILELLLEE=A LI | = LI ] \JII/

in JIS G 4305 and 4307. A "hairline finish", as

defined fy- HN?C&Ln#g% @bt ai ned by polishing by a

pol i shing materi al of a suitable particle size to

give a comimipienpol psaebiongr aghatemehnsaahsahf geerosion

f'r&éﬁhﬁ%ﬁ%é@t5@&&@%h§§fgdngééﬁemaggﬂiéfuﬁ§vk989a|hggrllne
with hairs. FIG 1 is a view show ng an_outline” of

hai FRRFF 2755 $hed Ther of AF #&+ 9T hra?F‘Frh%l%. ﬂFsﬁxﬁ%i@h%H

aSr&h@NﬁaIB @b Eﬁﬁiding§9n@ét§ﬁsef@tﬁtSHﬁfQ&eamthblals of
end] ess poI#shlng belt 3 strung between

a d% ?éﬁflﬁﬁ1eﬁqﬂ. ﬁﬂtan Gter roll 2 by rotating the

cont act BhEEERGUNRASART O pollsh the surface of a

stainle S I froman uncoil er

to a coﬁ%eréégg Q?hén%§|?§ |ng ggﬁé? S(?%Yl%%anp?alrllne
seeRpanusee PateninPebd i sheebnmépgridlbs 4r806462 bnmdwn.
Japghese; Patent, PublEgati on, { B) be- SEa18§%§g)stéel

hairline finished stajn ess steel materia . '
corfstort Fesi 3t AR er hhee hsnastini Ghef sukshte patdefhned in
SO Jis @6431@]5%&5@'&3@$e?Ag®ﬁla%jBi§ﬁé\?\‘f11HE£ﬁ“| ahs QEfined by
exter jals o ui | di ngs ere desi

stré%sié’dl ?q% l“%%t%Yl%?§lB? geEYr?c%?léag?ﬁﬁeﬁ?Ferlal
et cof I—bvmyﬂrabsé apakes818t ebke mab egi ab Sa at&n€XPROSE Vo lished

~ ~ ~ % *
50 GLL A AL I TLLLELLL AR A S e 999221 0 v face

continues long like with hairs.

FIG. 1 is a view showing an outline of a hairline
finish. The ordinary hairline finish method, as shown in
FIG. 1, comprises rotating at a high speed an endless
paper polishing belt 3 strung between a contact wheel 1
and an idler roll 2 by rotating the contact wheel so as
to polish the surface of a stainless steel material 6
moving from an uncoiler 4 to a coiler 5 by the polishing
belt (for example, see Japanese Patent Publication (A)
No. 1-306162 and Japanese Patent Publication (B) No. 7-
96183). A hairline finished stainless steel material has
corrosion resistance and has a unique surface pattern, so
is being widely used for interior materials or external
materials of buildings where design is stressed, surface
materials of electrical equipment, etc.

However, stainless steel materials are expensive, so
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2 a new inexpensive steel material taking the place
of stainless steel naterials, that is, a stee
material having a hairline appearance provided with a
hi gh corrosion resistance simlzr- to a stainless
steel 5 material and suitable for use for building
materials or electrical eq U|Enent i s desired.
The? PO el NerRENAVERL BFseL oBRCABL L oF2kHRI FhexpeASevef
gal yeaizeds st setelBhetéai s1% t Bhabeis, @xgebéenhaterlal
corrosion resistance simlar to stai nIe S eel 10

3 WEHErFB2on

mat RV HEY AndP &t b?%daBBﬁﬁfﬁnﬁFv8r?Héﬂ? Bien

f|n¢shrosﬁsncneseatanoalsamiléortglalﬂgaanpéaslBgeel

Lolfhe e 081 Ahhne, [LORPD, £BE" 1085 08e0. PAPRIHA L a1e or

I'vin Penvo ne uh ayer 0
coa@b@ctay@al @qungmeaposea deheredrr05|on reS|stance

becon1ngT999éfo}é a@ﬁe %ﬁ@éﬁt@?gdtgHﬁ'hBMe”BEeEhé'S

not bei ng able tained 1f formn E atin _
coa&n%§9¢%§EYeoﬁaiﬁé“léﬁﬁf&E@eéfmat?ﬁ%ﬁlslWg b- ﬁbﬁgﬁt

nﬁg@ﬁééyﬂéﬁ@S@QrHngéﬁ r@gﬂsaaﬁ&alagmalaalfblBeaihmé§g steel
to tr orn1a hairline attern on the surface. of

t hd'd %f%ﬁ c%%?eatF3§%? hoy ¥Raplve, thmBre Peltfhingyfinish.
of gi vi ngs acbaveht benali akrshfbveo @helﬁgréapEaeﬂngnlayer a
?gfggl on _which_t used

r
orma pla%Pﬁahtoafedﬁ?ay eg“(RfOE%g%geﬁarfFSEYEﬁg the
a Gmr@bl©w,Oﬁuthanuﬁdealhpyr Af, tbe paatAhgatbayedndlayer

e%ﬁéﬁe? 2&&89 ?H@t89r£?¥§6n(}%SEQ€%§?e“BEc8%gE §"Boor,

orma atlng coat e
sel@@@e@tabbﬂwqgodhﬂuabatycmatznlaharww bghngFeblepto be

SN, ofEaiftla 8pdsbbgingab! gyse{h rc@é@ﬂﬁ ela €% on the
Japanese Patent Publlcatlon (A 2000- 219977) .

HoveetacenPs 2afFRipeqliplt- Vﬁb@thBagﬁ?§kuBr5€§ﬁ6 member
coaird é@yﬁyﬁn@ea39apEQYﬁ€eﬂlnE§hth@rtr heodeyril at hA9rline
met hod_and wet g i ng g av to be conblnid, SO

t hiB2BF TR FrFcorFrese pF?eaB 75119 goghPdahf¥8H-

steel maresatals, Funeher;svaheOHStlnﬂe@ibong bamMeibeene

mad e in h| gorrogion pes st ance | vann d
ste’gjr5 %@ E QEO g§§ exan%le & Z% d ggs%ﬁ | FSE the
pl adey gleeinghmethpﬁaieduse6|hg éopmaalpgabanb coated layer

%Lfgﬁ%gég?g%ﬁggﬁZGE A% C§ 5%1&%?5A&@:a& A9 g%@o??dAl, or
an Al alloy and over sald platlng coated layer (1) the
wet plating method is used to form a plating coated layer
(2) selected from Cu, Ni, Au, Cr, Zn, Pa, Pt, Rh, Fe, Co,
Sn, Cd, Ru, and their alloys (for example, see Japanese
Patent Publication (A) No. 2000-219977). However, this
art requires that two thick plating coated layers be
provided. Further, the dry plating method and wet plating
method have to be combined, so this art is difficult to
apply as is to a galvanized steel material.

Further, various inventions have been made regarding
high corrosion resistance galvannealed steel sheets. For
example, a Zn-Al-Mg-based alloy plated steel sheet plated
using a plating bath comprised of, by mass%, Al: 3 to
17%, Mg: 1 to 5%, and the balance of Zn and a plated
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steel sheet plated using a plating bath of this plus

Ti and B (for exanple, see Japanese Patent

Publication (A) No. 10-306357) or a Zn-Al -M-Si-based
alloy plated steel sheet plated having a plating

| ayer including, by mass% 5 Al: 5to 8% My: 1to

10% Si: 0.01 to 2% and, if needed, Fe: 1%or |less or
furttrel sthedt plaredswnknovmlatiny exehpb €, thee plus Ti
Japﬂf@S@ Ped endx bl & cald ONT{ M ndNe  p200 e Bﬁégﬁf’éatlon (RA)
U(FEE}Q(){% THE 1 NVENTI ON 10 The present_Invention

%s } 2k Vhe? PVt MO bTPas 9 gl Loy resebad steel

r eSﬂSé@mcfﬁlég@éd/&ﬂliM?ﬂﬁvﬁda ﬁl@@in@ﬂlﬂé? 1r|ik§ll/1llcﬂ19r|1@, fby mass$,

hai ce i ch can Si ar or

theﬁsarr@é Sppl | on]s %%hjt(ﬁ %ppl(?t |%‘?1s of it

st alérﬂfdi@ds SE’@EIl%mmerl%S mlﬁgrtahé_ﬁ $ai r(bJI]eto 2% ar% known
T n e epth. res C

o e A Gt e S SRS VIR OB PR o

rrat Q]a135519ﬁ3:)h is a materi al Iess expensi ve than a

stai nl essrstmeluramaserd @l Almfiaibing a sini | ar

corrosi on resi stance, as mat erial for taking the
pl ace of kéeé?%ﬁsrﬂ’étssl%‘f%fé‘}mw%‘haa?r Haviokj ecthathei ne

apm%ﬂﬁﬂﬁibnAﬁf&ar tGOﬁfE%&oﬁC&EEHéﬁEHcéfg§UWéﬁﬁbéﬂed
material a hairline finish

i zed stee
:isce&ta]h q_rerf'claf]s RAFing thd i F 15 PPFFIRGE arleich can be
easudqd oy isinied landf o f WHeesamd twpmcfdﬁlrtméZSaé l tﬂhéh

pol j shi.ng .bel t ily bec mes cl.o t the tine
thea{p;[hoccgas& TG V\%at?k Eeh Cﬁoeds%a?tr AUt rfbal‘vbrég a
obtfmmldrmwohwdmnadqme finish was d| fficult. Further,

the hai rjde dydheshad galaan 26f Sieelo RLALIAl 080, giving

the problemo or mat | te rust
sur¥ dfe §ini 30 fiHel st rﬁ%rﬂwe?aelvalrflm t%tQQﬂstmdtﬁrma:!l, which

t hg hai mdue i APPRA ANGE aNderd Uy, ﬁi%@%ﬂf@s%@té@?

effect of formatlon of the hairlines ended up bein

| odt2t et eVt NAH e pHidseRT | GRATRT oM fefistance, as a

i Nwerttearisal tﬁlﬂk ’d’mh&](pftkfé P L TSI DL L P CPr e 1
gal Ve nneal | r}]gal gle i.ntroduci ng a hard phase in
2y

t hé piatiny a1 Sty ARRE ATRALCS p:eﬁap? Vigipht. they
haifrdunge tfhati Slhf tgoitihics ,a @u@@hwmm rsde material a

re z e mat.erial -
ha?r%%g%%p%é}l?r}ﬁde gLan eCheotaiLlnnc Sansooﬁq'fe%é}b halrlines

formed are easily crushed and, further, the hairline
finish polishing belt easily becomes clogged at the time
of the processing work, so good hairlines could not be
obtained and a hairline finish was difficult. Further,
the hairline finished galvanized steel material had the
problem of formation of white rust on the zinc surface in
the atmosphere. If white rust formed, the hairline
appearance ended up disappearing and the effect of
formation of the hairlines ended up being lost.
Therefore, in the present invention, the inventors
took note of high corrosion resistance galvannealing
process introducing a hard phase in the plating layer and
discovered that if applying a hairline finish to this, a

good high corrosion resistance galvanized steel material
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conpl eted the present invention. The present invention

has as its gist the following: (1) A high corrosion

resi stance gal vanneal ed steel 5 naterial having a

hairline appearance having a plating layer with a

pl ati ng deposition of 10 to 600 g/ nR2, containing Al:

1 to 60 mass% . g{; 0.1 to 10 mass% and a bal ance of

Zn R R ot or eBl B¢ nPpRIPFR T RBCE af@n Waoi plgt ahaed| pRdsthereby

foré@ﬁipp@té@et}sélrw@@en@aim@ﬁu&hnes having a 10
surface roughness of 0.2 to 2.5 mand a, peaks

per
inch PPITRY BEFPTe UotP YRR B on r22%i 2% bEFp%hﬁFcEF%r fpylowing:
the hai 1) nes, hh@h{ldﬂ@rﬁo§ud$1f1aﬁ@si@ﬂ@ﬂﬁés§aﬁﬁaﬂf1e91éd steel

d h_ PPI
i P THEf (TR © N P g B SaT FACR. RBlgRAcRst fat s
| n kajdér dirdeta qmlemaxrm@ndepmatldm vhelbatol BQQnghz

ﬁPreltbg é&ré€§§ rQH@ ng§S$ g@ iH ﬁggso, and a

ha| r+|ne ctlon and a di rectron
perkp@m%@l%f £ ame lhfail‘mi@@@le oim}zuoltlﬁés andnbaeing

thenPhh1ided heohrdd I dnec i rect 9B, (2did BL9P1ines having a
corrosi on resistance gal vanneal ed steel 20 materi al

havwgt achaf ugiee appRarahce. havdng- a phatndga pagks per
“‘tfhéhfﬁﬁﬁ'@ﬁ 9@pg§'§®@nlﬁ 1%b£8%@€9ngé€%pendlgplar to the

containing Al: to 60 rrass nmass
a Homl ahoee of lvaHm@I aunawnf@le@lleomgmuemms ofin@.1 to 1.2 um

f f s
halérr?wne;&%waw Jgrgé‘f'? E]g Jﬁ)g?l ?ﬁ%h?ggllﬁatgﬁ ?alﬂ)bne
in @@m@mmonanqbelv@‘ehm cal surface heohahneésnesa havang
a Q§ﬁ3§c$¥gn'§@¥be&ﬁﬂc&ﬁaﬂ E@ 499 BQlLDEUQQI 5EI D€ times or

di rection, and having a in a direction
perperRli e a?ulf@%erwagf@m%%s%f ip phethakvslbrengdipection

t hesiRPla ivpt hen hai di k&er dbk 64 1 98nd BBul3) SNl hairlines

cor rfg 061 resi stance gal vanneal ed steel npmaterial
haw gé hat P § et d&%’g%r%lh%eP%%vjrrhgt%e plil%t%ﬂﬂb“el ‘éifé?c’clon
with a platimg MB@@S¢¢rﬂﬂsD6n1@e§DsﬁQﬂc®/@£lvannealed steel

co ng, to 10 ma
r}é)ag%é]a%nce % Znnd u%lal{/m dgab%\%p?%%???lléimﬁ?lda p?aglng
havlarbgesavh%tn rd |mbstim neebo%i t hen sof f da¢etosadd g/m*,

PSP A, % @SSR ERIIEEEDS o R d0:2, Tna o
di rexkange pef pahdied| wra Yol ddel e hmpik heses haghdghaving
surface) 1 hAesse RaoPf ¢ Qe s&fEécg n%af@dhélpfﬁgéspﬁév1ng a
inch PPl of 1 to 100 in the hairline
peaks per inch PPI of 50 to 400 in a direction
perpendicular to the hairlines, having a peaks per inch
PPI of 1 to 100 in the hairline direction, and having a
PPI in a direction perpendicular to the hairlines of 2.0
times or more the PPI in the hairline direction.

(3) A high corrosion resistance galvannealed steel
material having a hairline appearance having a plating
layer with a plating deposition of 10 to 600 g/m?,
containing Al: 1 to 60 mass$%, Mg: 0.1 to 10 mass%, and a
balance of Zn and unavoidable impurities, and having

hairlines formed on the surface, said hairlines having a

surface roughness Ra of 0.1 to 2.5 um and a peaks per
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di rection, and having a surface roughness Ra in a 5
direction perpendicular to the hairlines of 1.2 tines

or nore the surface roughness Ra in the hairline

direction and a PPl in a dirqp%ign per pendi cul ar to

the hairlines of 2.0 tines or nore the PPl in the

hairline direction. (4) A high corrosion resistance

gal @R BdoEt 2@ to 160 fmier & afli heot hgnap@abehdheular to the

ap C S forth_in-an ne of (1) to.(3)
ChATRTErReRs TR A (rhPAEY, r80SpRat By Shof ! o 1.2 wm
corard s Bkaks per abment PRI Of 0D1t©0l1G0 imastBe (8)rAine

hi %&f@é%?&h?”aﬁ&sﬁlaé{z?ﬁgeagém'li‘f‘é‘@sakgg shegh ]1-3&5i a
material having a hairllne appearance %s set forth I'n
anydigeret bpn (Bgreendusulanatactleei zedri hnepaeft he2 times or

pl ahd g tRyesufHEtderoeQRh L HSRONEN OFhEWRa 0F1 Thel BifBetion
amount of _0.0001 to 0.1 nmass% and B in an anmount of _
0. (U 2 PR 117 nsdvrechien) PArPPAL€dt #Bsk@nthe hairlines

r esd StanT et gad vy avinead ed sm@febpx hnaﬁethéll haaﬂn@?adilrection.
hairline pearance as_set.forth in_an one o t.o

(5)" chatBEF B SEGF, SSrRGh iR atrat Ak Felviunprieddsteel
of reatZriand Whvingar yhelt eché cappearyotenesratt ofofth in any
to vol % n I'} oy, 25 ternar .

et e e heh ol fmk rent ERSr AR08 18" o8, P TRt fao
totkdyer fuethew deingims Featn 30%mEINt Aohi Gh001l to 3
corgpsion resi stance gal vanneal ed steel nateria

having a hairline appearance as set forth in any one

of (1) t&PX6)2 khahacterPobeni peshatapratgahvenyerlad steel

hasnae €A Ot £v 1 i @ad efla | AV efie OdpPe s PaAO002 80588 POrEhSin any
surface. (gi%ﬁ%glgglcorr05|on resi stance gal vanneal ed
at~h n

st €81 Yt CRAFRF T T heedppRat Bnket e REpting
fortdyémn auythonecoitdid)stond 63y €haracteii zedahnahbaht of

oL 3410tk ero S5 BHLLECB R B chlomLss 1 ee 41 aRbedLo 0.

itgnstg¥ace. (9) A high corrosion resistance

galvanne@%Pd ﬁtﬁ%%?'cgﬁf5@qgﬁi@%spgyégg?agg?$£%%§§led steel

appearance as set ort In any one O 1 (0] )

chdted e¥d L P by havi Iyl Bl inampreamnce es$ nsebaténgh in any

| aysfe £ (1 hi€kNESS, OnDroctOr 1003 M QONchdt SpBAEfRGCIayer is
comprised of a Zn and Al binary eutectic in a volume
ratio of 1 to 80 vol% and a Zn, Al, and ZnMg alloy
ternary eutectic in a volume ratio of 10 to 90 vol%, with
the total of the two being at least 50%.

(7) A high corrosion resistance galvannealed steel
material having a hairline appearance as set forth in any
one of (1) to (6), characterized in that plating layer
has a chromate treated layer of 1 to 1000 mg/m? on its
surface.

(8) A high corrosion resistance galvannealed steel
material having a hairline appearance as set forth in any
one of (1) to (6), characterized in that plating layer
surface has a chromate-free treated layer of 1 to 200

mg/m2 not containing any chrome on its surface.

(9) A high corrosion resistance galvannealed steel



10

15

20

25

30

35

5 (10) A high corrosion resistance gal vanneal ed stee
materi al having a hairline appearance as set forth in
any one of (1) to (9), characterized in that the
vicinity of the interface between the plating | ayer
surface and chromate-free treated |layer not containing
any chrone has 10 a |layer of a deposit of one or nore
of i@erFaal Niavitg a amal Mhinea %pm@alaehncsd& ad® ®et forth in any

hycgrﬁ%(ic?’@ §1 A& o{ O lcﬁgrélgtef@éé@ %{'fn lgcﬁf%hggarent

resistance in a vvet ‘envi ronment

DES@F&IJPITI@&KF@TI—E;BRA\NNGS ﬂfSl(ﬂtrGesé. a>s @. ¥iew 100 um on
show hg. ap(JLgllne of a hairline finish. FIG 2 gives

Vi ews of e structure of a Zn-based alloy plating

| ayer of( ]t(h)e PricsEhtco et dmnre whetraiee (@@ lvasnealed steel

M GEA AR ofa@ - Q%ﬁﬁé’yaﬁ%f%é ayers of fcl.;]?tlgoln any

pr esent I nventl on and ( is a schenmatic view of

st A& tfe. (A1 &° 3(3)sr £ht 3 et aibFe dfLn Hehat oble s‘éb‘ﬁ-@hty of

of de irsld Blee Wetwdd rind e fd i sheth b ghs €PFLOST SR
reS| st ance a%IFv nealea(ij steel materi al

( Zri= Y S IRyeT 2 GRT YR R GRRY gphrome has
g/ rHZ)laeyeneroi#&O dm:ﬁrsyltpodf st magpre fo€atd PNFe, Ni, Pt,

Bel ow, N%rﬁe -rlJ-resen Flor?veanRz)%rvm)f %H(g?psfl\g%]eeoo%lo 1 to 10

detmgd im* 30dAS het bdlackendnigalre shigriamgea imaiar lWerte environment
appearancey e fthere are hairline finished stainless

steel materials, but stainless steel materials are
expensi \BRIEF QSR ETIQHOF Rt A ENEUsed on t he

gal vani zed! gal vianneal ed, At/ eel el gL i g s halo line

prOV|d|ng a high corrosion 35 resistance |ike t
My steel materials and studied giving

gal vam ZEerd;! ga:J wainneal ek eot td edd Alscdre o rd i ie-based
fi n| rg%w n aC?%I vani zed steel material a
r

hai ik Or¥e bl e H IR i TS He hectherein (
deflcar red ianbgtdphn hd rd iZre e arlishedlsoieg godger of the

a Sr A e e B FRLAH 0 3 AT felidhetts
thétm&t%i@rﬂ arises of clogging

FIG. 3 is a micrograph of the cross-section of the
surface of a hairline finished high corrosion resistance
galvannealed steel material (Zn-11%A1-3Mg-0.2Si plating,
plating weight: 90 g/m?) after #80 emery polishing
(magnification: 1000X).

BEST MODE FOR CARRYING OUT THE INVENTION

Below, the present invention will be explained in
detail.

As steel materials having a hairline appearance,
there are hairline finished stainless steel materials,
but stainless steel materials are expensive. Therefore,
the inventors focused on the galvanized/galvannealed
plated steel materials providing a high corrosion
resistance like that of stainless steel materials and

studied giving galvanized/galvannealed steel materials a

hairline finish.
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of the hairline finishing polishing belt. Further,
there is the problemthat if |leaving the material in
the atnosphere after giving it the hairline finish,
white rust is formed and the hajrline appearance ends
up being 10 lost. A good hairline appearance cannot
be obtained in this way probably due to the fact that

the gal vhhi gedingagegahusnazadr dhess whtabdafl BOhkNrline

. efiniSh$0fke rIBSé@fQEethEhﬁai9¥§H Qr eggﬁgségfggmeg and

galvannea ed layers 15 includin ases an oun
t hathefhai vl ket hase @ruﬁaﬁﬁruﬁ@ fﬁn9§ﬁd hagsddne appearance

hai ehhnet appesheacRe80UTHe b8 208t 81 88Upa A% s where the base
galvannfaled | ayers including hard phases,

| ealPRkd t hat S¥PGaFYanhREFRATT ayBF EEﬁPéﬁﬁlﬁﬁlﬁPSaﬁé clogging
My MﬁltheCb@iﬁlﬂﬁeZﬁlﬁnﬁhfhgpr@i¥hQH§e§b&@ aFerﬁer, there

Cui 120t B o SRRy PEV TR Y ekl BhacnaRe R eatueraths,

as atmg$EUeeatsft®y gassfy At: theOhbhor6Qe WniGhl walte
109§us@ngst9§ﬁ@?%a§§8 Phe Z adp 1Hgagﬁbgggagce endsdgg being

i mpurities, rvel'y nc I'ng, ds nee
Si:l9sBo01 to 3.0%to 25 |nprove the corrosion

resi st angegahd @Q?rPIn@oéﬁpQSrghce 020081 e gb%%@ﬁ@g in
B: 0.0001 to 0.1%to inprove g pear ance.
i

r easohS TR PF%@?%%Yoﬁu%ft?hEh?néﬁé ERes éhetﬁélvanlzed
gal vapeeahes & ayerdméss be g%@hglaeng¢X% ?if/gkzéefﬁs

ase i na ectic an n
For P e PReRs S IRy ARt S FRehp o oPN A Lybpeaitd 1ayers
|npxmwbudhmgc@ar@sp@mseesasﬁaﬂGEn@fthhe pkagungnbayaése a

S orpation dross in the

ot e EPPERSPr HIFRR ORGSR RLiFIPR2 oBrbABaRraLEPEAd Pe
theO@EabmﬂéryA%ug@bYa@n@@Uedelﬂaeyseunetud¢ngohardgphases,
t hee gy o PRASE DBE s sféglflgégisat 089np§a5&haem and

appearance = cannot Bt al ne |ne Fni's
and”?h%hb¢%t@@“@al%¥e%m ﬁ%@e&lablb@ébnégtEﬁtéﬁléndlﬁn, Al,

COrs@$i oM €51 B ANE€rna é@@e@ﬁb@rhgéadlaygrél1bssu1table
over 6091 the plated surtace is forned w

whi SK2rR5Haped +%Y?%f5%%%b%sbeaO%?aFPﬂ@rlPéyér #th a

unufmgr@dmwmﬁgﬂnﬁﬁ £2869) Be: obt @i nedeothem§: ebf@0t00ﬁ0°

Al O P ATT § S otaRy ERES SARP LI CPRRTICies, further

satthat’e aheoust'y i H

cor$$&R¢muvely including, as needed, Si: 0.001 to 3.0% to
improve the corrosion resistance and one or both of Ti:
0.0001 to 0.1% and B: 0.0001 to 0.1% to improve the
appearance.

The reasons for limitation of the ingredients of the
galvannealed layer will be explained next.

Al forms a hard phase Zn/Al binary eutectic and
Zn/Al/Zn,Mg ternary eutectic in the plating layer and acts
to improve the corrosion resistance of the plating layer
and suppress the formation of dross in the plating bath.
If Al is less than 1.0%, the volume fraction of the
binary eutectic and ternary eutectic forming the hard
phase becomes insufficient, a good hairline appearance

cannot be obtained by a hairline finish, and the plated
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action on the base iron is |ost so the corrosion

resistance of flawed parts deteriorates. Therefore,

the Al content was made 1.0 to 60% 10 My is an

ingredient required for formngghe ternary eutectic

and has the effect of form ng corrosion products on

the plated surface to inprove the corrosion resistance

of THeebIndRr s bdpPeranesi anferiopyinscpesgsinanresiggance.
theovolneeofE@EthOMd Of i FhR1t ENBU¥redbect LRePBEARBE dBrface
insufficient, a good hairline appearance cannot be _
obt &7 med By &Y %grW?h%k?Fﬁ?gﬁPegnHe%ﬁ%fcéPﬁ8§§ona plating

pr otagd s witegua redi formi appexragctheaffbt 06E0Bbtained, the
regég%ance anno}obg ef rngd On the other hand, if NE
exceeds. 10% 1R de?iﬁg ShatRe pFoEERTs P 0T R 1 dF 2BCquBecomes
t o oM azted tdnd heimiltaR€obbhpktbai desr{fiioss) averosion
Progucash MBI (g Ly eal mepln OLTILCH! Lo ARO LBE BLEEK!

of 1 nprovenent of the corrosion reSistancé becomes

satifat TRNThe? bf blaved hpangs cdatentorabssna@bedefore, the

10%1 Sioneddess agadeeded t9 kpprove the corrosion
25 resistance and i nprove the plating adhesion. If the

anount Jf9 abiRli 3% ohn95ePER1t t RaRLHred18prt heseiegs hesternary

ar et cobt admethayhthe éfroveros. B mi Rgseoetb8eba products
becone sattralid an converselg t he groductlon of

dr %5 EHR ek ,s%g‘i’ﬂ% LRolAP T oY S abiift FORTBF 1SR hgsistance
madef 10O 1plBed osBedPomdtetSan tﬂgM@dienleaédeda?so .1%,
df f ] th clei _for precipitation o
[haifd Al O ARG LT GRS e o Pha Bl Cel P L RLe Prdnes
of imuSfiyaictnk e,a aguod npadwl hge &peeappeaeangenoht be
|eel§t§té)irp&plk% @%fa)ﬁ?}frqgegin P{V?V%rl .g’ﬁelé ﬁggéggn products
t he sol ubi ba? 'S

over 0.1% [ Ity 1n the plating
excesteE edi Loy - bereelv br@ctp¢ t apeEOgi oy, rehbsphacengannot be

| ay@irried f arrech oM d¢hé £l hgha shapesy 0oxtdsasuihacern@nfiating
9 th ual ity of the appearance deteriorates, so Ti

na e T a5 %D %%31‘5;62%, dy¢ ko TFONRASE t Metlf Feerair,

of bIpriovenigidde(dpted$ Ngarappesdadse, mPingf tLeseméhan

0, R0l eldech campol, orbe obleLned: WBLENLorsonion
madee 0L PO0Ice dodcdbes Watueaipddt | Tige deposée | | one ofigl €s8tent
thap dQd % 1 & 10s.

Si is added as needed to improve the corrosion
resistance and improve the plating adhesion. If the
amount of addition is less than 0.001%, these effects are
not obtained, while if over 3.0%, these effects become
saturated and conversely the production of dross
increases, so the amount of addition of Si was made 0.001
to 3.0%.

Ti is an ingredient added as needed for forming the
nuclei for precipitation of the primary crystal Al phase,
increasing the fineness of tbe structure, and improving
the appearance. At least 0.0001% must be added. However,
if adding over 0.1%, the solubility in the plating bath
is exceeded, Ti-Al-based precipitates grow, the plating

layer is formed with relief shapes on its surface, and
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corrosi on resi stance becones inferior, so this was

made the lower limt, while with one of nore than 600
g/nm2, the 10 uniformty of deposition of the plating

| ayer deteriorates and a drippighg appearance results,
which is not preferred, and bending or the |ike

easily results in cracks in the plating |ayer.

Thefld ciwa 1l 509 ¢f nbheesrpedeanchedeppeiorahes, $5 FliGvas

2( @ads @ DG cgsaphyof the structure of a Zn- based
alloy plating | ayer of the present invention, while

FIG 2(b§- |%1lae hena?$ ctp e9f BeCE hef simpEPUiBY Ae plating

sh%é@rﬁ& 2609 , i foreexarphe, 01 be0ZY; | LAAL- effect cannot
0. 295 hlgh ros on res ignce Zn- bg ed al |l oy

coO
20 ?eﬂ??ﬁﬂ?%.erw%b ?Y%r §: sbleFoRafect becomes
st ractunr®ted, SEo UB t Wi @ r@éda @an)@\iL/ZnZd)/gl ster nary
eut ect i se whi,.ch a.]Zn/ A nar eut
phase 8qqggﬁ1xe%l%gﬁn?nde%%s th 3 [ 2n2 §| 2?
9 icopreskon iesistande shapess 25féhlertesnatyls was made

eutiagd | s s u e s
SO 5 B08APETRI 9950t UGS Bl Al B, o
strQR&iH%m%EYa@@h@$@0$é%}®$e@fbb@ﬁ Pb@ﬁ%ﬂ@téﬁi?rand

haﬁﬂ@@§§1oi£té&Véﬂ@ a @ﬁiﬁﬁiﬂ? £%§é§9a58e PLaLedsStgRlich is
mat eri al P%Mhlch this t%ﬁ ase 1s also 30

pr ENtPER T e Qur#adebe én%l%feHh§u}¥5%ee?§léXsFP§ults in
peeated-lod fid rome thea plad etla gair f atke byréhe, pebdsHVAY was made
bel e & beauilful hairline appearance is obtained

th?1 Ut PR ot Hit Fon of the ridges of the hairlines,

the pol iBHE ng2 (del ts doesiondgbepbnet ctibggetruandra of a Zn-

goqgaggﬁ %}f?& lgPPS rf@ig Iéfo %glnggseFic%nveh 1gn, while
m crogr ap e Cro tion o SUrfacésor'a
haiF1G ne? foni shedl s-hyemeoie osion ebstlse aﬂteUQtllﬁe

gal Vann%l,e&é&ﬁein”ﬁ@”?kbﬂznf&k"/@ ;'5’? 31?% Zn- 11§}A1—

pl ating glatlng deposi tion:
pol3r‘s°i‘ﬁr% f%?agfhwhlc%@mﬁmq@omelsm@n%om PﬁSﬂiG@l%OY

thisldesng 14008 RpPearances Wibs H0s8ef 0bARt | 9arabctibe, a
ve a high corrosion

hairline 5 T
res?tslf‘b%tc‘ér% €a?1n£e%“&éi§/§?@'@ I htedaa P IRaYG Rhase 7 in
fi nitsich ca oftraf Ml B lgoslry han t ¢ hec appess apces mbged and in

plathgllayﬁ&hﬁa gﬁﬁﬁkg%ﬁése 9 is present in island
shapes.

This ternary eutectic phase is comprised of a
structure of soft Zn and Al phases in which hard Zn,Mg is
dispersed. The structure as a whole features both
consistency and hardness. If giving a hairline finish to
plated steel material in which this type of phase is also
present at the surface, the plated surface is easily
peeled off from the plated surface by the polishing belt,
a beautiful hairline appearance is obtained without
deformation of the ridges of the hairlines, the polishing
belt does not become clogged, and a good hairline
appearance is obtained.

FIG. 3 is a micrograph of the cross-section of the

surface of a hairline finished high corrosion resistance
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structured with a [Zn/Al'] binary eutectic phase in a

10 volune fraction of 1 to 80 vol% a [Zn/ A /Zn2M]
ternary eutectic phase in a volune fraction of 10 to

90 vol % and the bal ance of Zn, Zn2My al |l oy, My2Si,

Ti A13, etc. The [Zn/Al] bi nar;Ieu—t ectic phase is soft
conpared with the ternary eutectic phase, but is hard
conpdrechnealed het &l Ifa toanchi Al Simglb’lpha?»[ﬁg O 281 plating,

Th leaftoj. Jtﬁ ér?-r 561 yngiaurg'sftefrr%d emerygdao Jlsg/hlng

rove |ne f|n| I'f° over
t he Hrﬂfmhﬁﬂgtatagw a0 0 Xhol &s s&iﬁ@\@hsllanEiIGt h&, hehisihas a

r 1 t nl h 1 n
voI S Cﬁpﬁéay daterioates. dé\%magtié @ﬁsthé R0 }%b e

fficult engineering w se. e vol une
fr &t90iPof the ternary eutectic becorres small, the

har dnessrcargjlw@rhslrsi@nwoﬁf@?&ﬁ erdsisesnod éQPvannealed
pIaH%1 a;é/ eterlor te, %} a:gljgearance at the tine

of HEF M Hid: dhily CanePEden st r gped
|ea§1dJyr]mlr&g atﬂf’[:ﬁearah’(@é,l Vﬁlm%t:ﬁhg F&lﬁ?ﬁfﬁé epréﬂ@rably

0 e raction of the

eu}/ggtr lJ|éc:{ﬂv\L/’aesd)ma d s 1 R/% W@}“ﬁ%y o?%%?chja%dph?ﬁ% "In a
uppmltimemﬁracstlctet erfminetb BO thel % easel o /Abf DmdMgOn wwfrnary

t he }%@% Mases | roge g,
sol |l§ Tl catl on Zﬂﬁ(’;@p at1ng a%/éejflorgoggof@)% 20 hOl and
uppére (hakange ehgihecinaly préduot MenSiFuliAds, 613@ i The

t heg Mplaune giraoty et e dndseu £cdd £ §red with the
conbined falls, the overall plating layer falls in

har G Yarfd (s S RSP arki t heS 79 | FoMRppR@r Whel the zn

becare R IPanimglso gl sed I ard o Bs, nagle SO Der rr@lﬁ@ volume
Th th| cknesstfof the platin ch% er su1t bl e
T s

or
TR o G T § SRS fhi Rabiniey.
pl atfi ngre defosidliton, tHd o iy giénﬁer pe £f £ratd e 1@6ft@ns and

f. ..I ' osition is_les
o 18 Frried g, RS (PR S a ot Fea g Rl 0t 1ess
cprt_rl“e?g} on sy slt%niﬁefﬁis:ulimmmm@mn@ndlwle hai the neolume
i shingends Y4 edasing o ddeunderd yings S&ﬁg Ly e

material. If the platlng deposition 1s over

t hé‘ap‘IdJW% Ty GO L RN Ghi e zart o 55 piag i qa@ m«yeplatlng

Wi tl@@ﬂ'ﬁé‘tﬁﬂ'ﬂcﬂf&t@rw HHeWtaee POt@dedine of hairline

Fur her the plating er eaS| ly peels off. This_is
al rﬁf 5&%51 nd tHe 3 eFR S, €aRHkly Cclog the

pl abmﬂ&pofsaﬂenmmsrna@fd&tm@m@wﬁ 188ithef the

Sh%%ucr)r{ce tfhracsi:l'lpo(:"nrIoo tqpéaetaerrannacrey heal.lltrelcljtpleg was made 10 vols%.
On the other hand, the upper limit is determined by the
ease of formation of the Al phase and Zn;Mg phase in the
process of solidification of the plating layer. 90 vol%
was the upper limit in engineering production. Further,
if the volume fraction of the two eutectic phases
combined falls, the overall plating layer falls in
hardness and consistency and the hairline appearance
becomes poor, so this fraction was made 50% or more.

The thickness of the plating layer suitable for

application of a hairline finish is, in terms of plating
deposition, 10 to 600 g/m?, preferably 100 to 500 g/m?. If

the plating deposition is less than 10 g/m?, since the
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10 formed on the plated steel material, in the
direction perpendicular to the hairlines
(C-direction), the surface roughness should be a
surface roughness Ra of 0.2 to 22 5. m preferably 1.2
to 1.8 m and the peaks per inch PPl should be 50 to
400; in the hairline direction (L 15 direction), the
s UrFlefcte b UghifRds st s Hulay beh®scoprasien negigfance is

premﬁ%ﬁﬂﬁﬂtﬁéﬁ%téhé-éhé“ﬁafﬁ@&ﬁ@efpﬁﬁgﬁlﬂgreh@ghupFg&p081ng
shos d be to 100; the Ra in the direction

per (HQﬂﬂ Ly g tHeE Hhima F ket o Bf r ekt i B tiRGuiEPPRition

1 2Lst igWeS: (00T An%t, he hika pimthikey haiydd nes d:ldcﬁGiﬂlek (dnd a
rectlﬁp (C—dlrectlon /L-direction Ra % band
theD e

& dTdtd off PEP PRNWRTFEIED ?ﬁ%“o
haiadtaiesed .C-Fulitthextt i ort)e ghbat hdpel 2yér ness DIy npeel s hef £.

FE[ H%EE |onQ%£c%fﬂ§d|r %é%éﬁ%’ %?t §%§¢ n%%%§e¥%re’ the
t hedUgtriing IdQﬁthésl’folfort hvea - dect § oo a0 <L/ru|2 rection
surface;&pqgﬁp theKﬁélr 1690Q%§%%ran Ohairlines

rati os prescrlbed her e |nes onger
st drF AR Odhd‘—ft%éﬂrﬁaﬁ%i i Heeq} Mmatre bt nbht the | direction

be%Qﬁ%@dM%ﬂdﬂhrfﬁHtﬁﬁg h&£oVeisel yo-df r&®t ot Panchbesurrace
upper O Ilnlts the C-direction and L-direction

PRE Tt Rk T PRIIFER PP O Re2 to 2.5
halﬂrd | %&%ﬂ@ﬂébl¢qcm5 00, €98 S€andeamd ';ﬁé%k@%éi'{‘ﬁéh PPI

not be obtained, the aesthetic desi gn val ue of

the’sf}%lﬂ iffe0 \iq 144y |gstthankp i hbing cdbeechi PP (bse

i t ivaldig.ond5 Thet efoffacd heopdiesest smyendive refines to
the shape of the hairlines as above by the surface

r odgthéSsePrefRrafdak O perte netl) Hihd anitthe apgaks per inch

NOtEQ’It hatodihe UM ace 1d@UINNESRa Ren Waise NBRSAE 0o N
accordance with the nethod of neasurenent prescri bed

i n PRI BEEE YRR AC it oA higl ene s ef eT@hERCt &pigt hslapuld be

0. 8 .mmt imed her mdihe freaksa ped tHehbi PPind®ed erection (L-
measured in accordance with SAEJ911-1986 usi

n a
me &S eSE 18Ngt (F S 2e G thiean drY T G BR Bt DR b%ﬁ«ge% ; and the
pos:ptn viey e (ﬂ.e.rgiﬁﬂjycﬁi rsd sseneech BYe! o otfhéohaﬂﬁhmér@

hai rlines sat] the requi renents of the
r42ﬁﬁ§ hﬁ%é%é%f*%eais 1S | MeHC R R heb L r b Bhe
10 harieddmiebed dactitn prieseinte ¢ twent i andusecofor #BD/L-
to #320 .or so belt sander (polishing belt) for the

hai 4§ 1onEPI22] .
If less than the limit limits of the C-direction and

L-direction surface roughnesses Ra, peaks per inch PPI,
and ratios prescribed here, the hairlines will no longer
stand out and the hairline finish treatment will become
wasted. Further, conversely, if more than the upper
limits of the C-direction and L-direction surface
roughnesses Ra and peaks per inch PPI, the hairlines will
become too coarse, beautiful hairlines will not be
obtained, the aesthetic design value of the hairlines
will be lost, and the product will lose its value.
Therefore, the present invention defines the shape

of the hairlines as above by the surface roughnesses,
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finish is preferable. After application of the

hairline finish, the plating |ayer is preferably

treated by chromate treatment 15 or chronate-free
treatnent for primary rust proofing. A galvanized

steel material is susceptible to white rust, so to
prevent this, after the plating layer is given the
haipdakfe Hdmiigichi tand theht edabiyoshridoee ethat egbheestrface

or & feee,dd sal a8t § 05 £ OF &&9n§&8&g£90{ﬁ@9m?thod
coated layer for primary rust proo mg. n the case of
chriidn@te 4t eRdntPres Kabhed chit ofb$ eBO69 ehl BB AL  employing a

exageerfdy OB P rEAt TENtmBY BuFbhOPBL €he t FERALEBPLr inch
sol ution containing chromc acid and a reacti

ction
acdel et PRATHEGH | 1Y raeF RN beh appE T 2L - TPR6 28sing a
amueds Wed rangite sleppsiiconans deweddht oH 208t w8éMPpositive
If the ambunt of chromate deposition is |ess than 1
ng/AT DERFFICi EhteFeREe ptovtt figebf PRcitivahnot be

obt ai nedro FbdMeait fi0vers200s fPl A&, t ROt rOBh Yr 8RESts of the
t he r%rl ine finish no | onger stand out, ut al so the

rusti B0 G5 FHIHY EFFRt BT ES i ub PR o gt Ret fir 52 bHOS
anghre soaiem cial |the tpeecast imvéntisce, Esstdera #60i8o0 #320

I i bl f ' fi b
o St S TBE « POt RN TRALRE Rt cthe Bat b hes
i n fting Hanes wase osrabdr omat e treat ment. 35 The
Chrommat ardd e JEeAldRn o @PC@&@%%{/&@ FERLdn, USES

a treat_rrent S ron not contai ni ng
en\radimeht @ YSE hiad ne e £ erexdalal ereated ore ¢hremhetd3treatment

soldit icronfzife EWP| €red NRESL A S tF LARIBPL - SO UL OHBing .
containing Zr, Ti salts, treatment_ solutions ,
cont ai nith@2 At it hgnalenta!l £F cSuseRmpible to white
chrarsd,e-dd e grendmEnth59) Wfoas TRy PEause§ fHfer is

chr amat e-freerbS. t.reat nPnt. n such chro

GRS TP e T ot B TS BF SR AT A

Ti tZatmntCar Sihrohatetfreandredtresntate fogneai ents

oA SO T SIS O 35S S TN P

the anodrt @fe deposiaf orhiemate theameert f reeknown chromate

Ly R 858 Al (o &S LRI 01 Ghromate
treatment solution containing chromic acid and a reaction
accelerator as main ingredients can be applied. The
amount of chromate deposition is made 1 to 200 mg/m°.

If the amount of chromate deposition is less than 1
mg/m”, a sufficient rust proofing effect cannot be
obtained. Further, if over 200 mg/mz, not only does the
hairline finish no longer stand out, but also the rust
proofing effect will end up becoming saturated and,
economically, the cost will rise.

Further, it is also possible to perform primary rust
proofing by a known chromate-free treatment (nonchromate
treatment) in the same way as a chromate treatment.

The chromate-free treatment (nonchromate treatment)
uses a treatment solution not containing any

environmentally harmful hexavalent chrome in the
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1000 ng/ nR2, not only does the hairline finish no
| onger stand out, but also the rust preventing effect
ends up 15 becom ng saturated and, economically, the
cost rises. Further, if givihgia gal vani zed stee
material a hairline finish and then leaving it in the
at nospher e, ateg surface will oxidize and )
bl &tk +4% - %Ek PRt NENREF r P T Ret FEAFRANM FPLIRBIONS
| ongert stradty ok, 20 @mﬁtﬁheth@éfhéﬂﬁ Q@D&Ffaﬂ§ec@ht%1nlng
be Furth t he alva L ze Wi easily
daﬁ§§§ e;ﬁﬁ?%ﬁhl?3|%ﬁngﬁﬁt% @ h ?%w%bfgf?maE%rffﬁ?s
red@&ﬁmﬂdnﬁ(ﬁ¢dm@1@nstmamspar@ﬂédréernchoamade+ﬂyee

ek hessy fne
flﬂlé%ga pl ate Jpsur gcéﬁroﬁQQ% g?acggﬁgﬁgébeélst%%romate
and ¥4 g aleed r baYSY apeRt ML D Timibved. The Si, Al, Li,

transpadeidr MRSiM COMEL1LRYE aRBYnbE. cé@fgﬁngé'EQrémlc
conventi onal known organic clear coating, and

corfferft i Bhat o Righn %%\t?rﬁ%u‘h’ét‘P]%ddeﬁlgséﬁbﬁ“o%@aﬁF%ferablY 1
cl eas 1ooEd imgaw®.specifically an acryl - based baked
based. cl ear coati

| 3 ti th ,
poxy- bakod i doti bt F IEEaSFTich el 82 o Pampte-rree
coaiﬁerag;mereti ais nees$ kyltan bhseg/el,ear S]lﬂiﬂd]lgantehﬂjsmy
St el - bas n
#ﬂﬁﬁLaseﬁg%‘€P§Q9Teaf%§%%t$ngs d?%ne%re erg%?y usbdover
35 IR0 @ heg A1t ho tofordoatdaes arheo hgeini lci ned G%Ilmlw;’ratnmg],onger
Speé'—:ﬂé‘r{cp%dﬁ’ e ré)ié%qg?é e{ué@t&?gvex"fy:[rtl ﬁff@@% €lnds up

net hod, spray can net ectrostatic
MRYPEP IR et d HeRR @m@nge¢%@%@lCthYrotbec©@§érrlses

mEt hOd ad-dher, cuf tal Vi k9ad efa PRINPEQr e PLef gL abl€a1 4
rt bI ckenlng resistance, it |s possible to

g| DV I S AN Heh§ it £93 %ERI wh E hiR hehe h? BRasehere,
antthes mmtmffaee twieht esikidyss and awmclaéna I_f

de Slt of one Qr re Co,. Fe in
et ity g i e Siaie ah oihl i T Rettana out
Thlaldaﬁtsihaetklay@rap@émarmbé]awﬂhrb@nmm ofurther, the

de%%l\l o & q{f‘.l{g)lr;@% re(ﬁgnrl\;g tlh%gntgof’lgsion

i'stre Y npro
bI Ftikeniandrarsih e ifrm *wte:ts ersa semmenf . formindgea

amyin 2 A&ROSHd 4 O eéaéeeéslat%@p po]ar@l[l{]gkn% € of 0.5 to

ef fect of the blackening resistance is not sufficient,
whillG® jm ewrert i) hegimiing el cioshesdi e tesi stafaee, the

blackening resistance and the defect resistance can be
improved. The transparent resin coated layer may be
formed using a conventional known organic clear coating
and a conventional known coating method. As such organic
clear coatings, specifically an acryl-based baked clear
coating, urethane-based clear coating, epoxy-based clear
coating, polyester-based clear coating, melamine alkyd-
based clear coating, etc. may be mentioned. Among these,
polyester-based and acryl-based baked clear coatings are
preferably used.

As the method of coating an organic clear coating,
specifically the roll coater method, curtain coater

method, spray can method, electrostatic method, etc. may
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deteriorates, so these are not preferred. The net hod

of 15 inparting this treated |ayer is not

particularly limted, but as exanples there are the

above salt water solution dippjng nmethod or spraying

nmet hod, the vacuum deposition nethod, etc. In the

di ppi ng nmethod, the hairline finished plated steel .
sh&® mentdigd iAnen®. these 10tk |19kt eertdr 20etladd and th

aqURAUS iSP B4ty frit b P 4:% L0-SECOLWiS. . t hen rinsed.
EXAMPLES Bel ow, exanples wi |l be used to explain the

present 19 iWERSoPiar RS . redw earbon Lt ekt Ropeikle to

of diwe difd erfitnitipest ofhe 2t it £kPessLsh th@tchSomate and
she t hi,cknesses of 0. used as

t nmm and 6 mm _wer
e RS T eeplta?‘?ahtg*’:gﬁ?eyes%eaet AYRT 2 hl ardepPPsit of one
heatn mgpreannfedlad ,ngie ,antlh, Pt iargd yn aicentmet®USstwte or
di ' j l f n- oxiAdi zj,ng furnac
Ly AU AR d0R 0L i IPTRNG' Aid Hiitea Laver
hy dihegeid drere e raminti nef 909pos 1t ogero§ad. 1 The 1@evg/m?,

Poidie MBS HBAS -3Q% 3The apaeal i’[‘?\%st %%t%rt%%%ﬁg@%tly

made 730C and the annealing ti'me 3 mnutes. _
pl ATV Patt vl aDFIH e - BT SN FRsEY 2 At 1anhgonment.

My:1£3.t004 aRicuntD.cdhdeuk tthievbal ances Oftdh afdl mg/m?, the
s, 35 while the plating bath

unavai dabl e i npuri ti o
teﬁ%’%ﬁ & FERERFH P R T - anfeposT thoh siesficient,
adjwisitled ikfy dvear mwin@tnf,nitgléggﬁir@%ionnbl‘ésis\ﬁia@ﬂdw

method. .After the plating, different nunbe t
sar?%gresrlo(rsaletzees’l(ﬁ?orﬁ%ﬁ% g Ve eoﬂesgedmf%é'gib@ée method of
haiimpiae ifionitdhies t newderd condit i ionshaf @abel tubpeed oifmited,
ab D/ [i,shi ' 0 4 .
R B R
pe&PRIAT MR qPRIY smray inqwesitiqht edthe Thecwes deposition
ar enethdd) idtclable dhe A8 AW ddt P! & He Mflﬁnedzfinished

and 5 were the high 10 corrosion resistance plate

st &Rt &5%A s HRAT S IRRAA i¥hIa Hhi ¥ [§hel0 g/liter metal

appedrtanefiesald Soling drhersuird & eco rauEsesses, (ff@n rinsed.
peaks p? [ PPI), and their ratios prescribed in

the pre ivrenti on. As opposed to this, the #80
bead bl &stled Nexadnpiass Wil If argreted tdo wiglrin file present

relji &feuer, iits dseucrafi ce, but the

Low carbon steel sheets of two different types of
thicknesses, that is, sheet thicknesses of 0.8 mm and 1.6
mm, were used as the sheets for plating.

The sheets were plated by heating, annealing, and
plating by a continuous hot dip galvanization line of a
non-oxidizing furnace type. The annealing atmosphere was
made 10% hydrogen and the remaining 90% nitrogen gas. The

dew point was made -30°C. The annealing temperature was
made 730°C and the annealing time 3 minutes. The plating
bath was comprised of, by mass%, Al: 11.0%, Mg: 3.0%, Si:
0.2%, and the balance of Zn and unavoidable impurities,
while the plating bath temperature was 450°C. The plating

deposition was adjusted by the ordinary nitrogen gas
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L-direction surface roughness and peaks per inch were
small, the ratios of the surface roughness and peaks
per inch were also small, and the requirenents
prescribed in the present invepdion were not
satisfied. The bead 20 blasting and hairline finish
were clearly difficult. No. 4 was given a hairline
fi S NDREEMA belt sander was a #600 type or too

fine ancftwer eftos eol1deing Sodi F SBOS A@ibdRAI BéiNeSanders
prescri bed in the ]réresent I nvention were not o
sat i%5f3%d O HAP1 e SPo f I P oS e Lo kY dra ir biyseriidniishes

in drf&féraﬂﬂﬁﬂilaﬂ_(‘(ﬁls R tehe 1 NOs p e @NEE Nob ot afg eSﬁsa@@@nds and
with hairline finish In these cases,

C @ R& ﬁ%ﬁr’s‘%rtﬁé‘& frg%g%?le%ss%\%%ln%%ak% ok ‘F}Hﬁl wete

srmaidrfam:é thaugltaie 95 (ReY eardl SPesKB per | IndhesEBP TASASTe
Stlzgégéuly no 30 hairlines were observed.

Fron1f% above test results, only the plated stee

sheet s Wiheh xfmw]ltsnearfe s Isdners isratTeslﬁyé np. t he

require t ly e ti e, .

pl at ed g?ﬂe eet T§E¥%lge |fu halr%y it "HE nigh
ap PR Rcien %mancq r@lam@mm@l m@wmwm‘emg a

st eplauthiegls nad i i f%&g@ﬁaﬁ@@p@&iéw& feipd ald P ce

| ayers then used a belt sander éS|ze 00 mMmx915
M) B GISE TheRa 160 HaF P hel #¢hi SRHPhY aarkfél‘ih%blée'éatlos

of patysﬂd r133héi:1 siac afttk atee Sen POl st o | lhme of |3 to

seconds.. The inventors . jnvestig t airline

appear afte FRPGAt ' of" I Hrepdss ¢ %ﬁqb a‘gcl? ted Npat3 was

t i Merntedihel thesid i o an ef showre 1 e Tadder 21ti\|(§urﬂadie§) Ibut the
have e tin 05|t|ons rescrib d in th

pr\eisen b |t%v§nt |Lgrntcaacrr?8 TRrEot écji gt &y o‘?elﬁajrr?‘f}? nere
appemldnce;he Cﬂ&i@g}m@bftmm@m mg%psessaruhd peaks per

coryf,
20 t?gg{ g{éalieleﬁdgl?%%ldle% i%ﬁ%:glen‘%%y on pr crl(%)roldoed in

by &fe Bresserit inRaHtioh. waNs | ot vl hekedal Tes kfad

suflacs iR HNE S5 Sat i il yf%ém%eﬂélé@@aﬁﬁs&ff@ﬁqﬂ@
the present jnvention, the hairline  appearance coul

not be A%ard YWh<E ¥R APk R et She ki hodie |thelt
t el defr SIAm préaruct vy @tk €O fF D5 Uhd S HESd 53 2 Ckhe

The reason the hairline appearance could not be

cl éaerqu%e%eog]?%%ﬁm%s tfgr%%crtfg%eacgslé“ ofhg Heresent
invention were not satisfied. Hairlines could not be
clearly observed in the appearance.

Further, No. 6 and No. 7 are cases with hairline
finish given. In these cases, the C-direction surface
roughness and peaks per inch were small and the ratios
were also small. In these cases as well, naturally no
hairlines were observed.

From the above test results, only the plated steel
sheets with hairline finishes satisfying the requirements
prescribed in the present invention were plated steel
sheets with beautiful hairline appearances.

Next, the inventors prepared plated steel sheets

with different compositions of plating layers then used a

#80 belt sander (size 100 mmx915 mm) to give them a
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production of scraps and deformation of the polishing

mar ks etc. Further, the inventors perforned plating

whil e 20 changi ng the volune fractions of the eutectic
phases in the plating layers an investigated the

resultant performances. The results are shown in

Table 3. Nos. 1 to 5 had the phase structures

pr ésdrilpate ifinimh preseritel mrard onf ahpuwer® »orbdnd and a

al |pdlf1§H”fLQ1d1ailrrﬁé ner 25 appealaNGfis ST S b rs
cl ﬁ%lq’ 8 and corr03| on _ resistance. On the ot her

Hett ot et P e PRIl nthes s of

st rda;tdylecwre&mlsbﬁth;iy dthecHutesente . i nvention and
were i nfﬁlrl

or hairlin ear a oor in
terns rora%fcl‘{r}Ito% el ssg}oa"ﬁ'g %na?—‘ﬁﬁ &er Piatede 17 have
st gdle gi@simgwammpg)amrmsmemmed in the present

Zn 111%11@57 %I@Iwéﬁ %é@(?dlrf OJ o&?t ealtrr elar%eneant eadrance,
chromate-free treatne clear coating treatnent,
bl &diesisiimg rodsi RS tre@qans, el clrometion resistance.

tr et M o GRIPIHARE GRA T NG the shegly fal%l%gcé“&m ide the
acid 100 35 g/liter solution, then drylng It

hotCORRP Pl P L35 P dvoride PHRsHy olrratee'lvrlr% Whlle
t r Q&ltd'yeﬂiacﬁmrdé?sed)f caatidne thsighfals V!attrhsefﬁ 1tGad

rised of zirconjum 17 al um num carbonat e, alt, .
o RBE stasir (R ki e SHTtS pRAET Mifon (s g 71 ine
i N appeRCEdmte aidulfdimmeaced mle'ﬂ}lyseiwmdedgtﬂddd‘laﬂ}e sheets
sh ated wi th a nel am ne ased cl ear
co g"?l;rﬁseg sogfl \C/lglnt Pase 3 CcFaé)cr%ﬁOdﬁh%éﬁy Cg errosion
COWISﬂ-@t(aml%Olﬁiﬂjlm o\rhybasraj)haamim@ataqlpaauadce could

Sh‘?x%tttb reRL U, % eht%?ebqf e‘f’l@é’b%oalég% %Secdgus%n%f the

150C (acryl bas eni ng resistance
tr@étoﬁ%lmtl%bﬁfnwnﬂ mmdqgiqﬁ@ernsatean iaf &he @dlitsdring
Ni n@tﬂﬁsatch aqueous solution for 3 seconds, then

rinsing _and dr ing 10 it, then treating it by the
chr omat gufrlté’@ trr SQSTERLY AP T T R hRFIad |t ot ine athide
aIk%dd@ﬂmghﬂkﬁ&bhnmﬁIﬂﬂhcfmﬁhs(BﬂrmﬁﬂQmﬂéﬁﬂﬁH es in

of .the fI arts was ev Iuat e anount .0
fortt‘r%atu WHIRE L&D %&Jﬁ#&@&% regufitgnt
ZZ@@IfsvaclmanMaar T&ma)esnﬂs:ts wirteh shGawed'in mdikdat iINgNbs. 1 to
10/ oﬁlalde%%e % tl %r(ﬂfct te rrl’clesstcralnqed Fioor l'\ﬁerperesent

I catl ng nor e. YOSS cu
evamrafmédomxy atrWewetﬂa E3 (0203 1aﬂftaérl b(fo&Heommnr@ sal t

“ﬁgﬁbe%g%%¥££e%%ﬁﬂég]scrap clogging, and corrosion
resistance. On the other hand, Nos. 6 and 7 had platings

outside the phase structure prescribed by the present
invention and were inferior in hairline appearance and
poor in terms of production of scraps.

Further, plated steel sheets having a composition of
Zn-11A1-3Mg-0.2Si were used for chromate treatment,
chromate-free treatment, clear coating treatment, and
blackening resistance treatment. The chromate treatment

comprised coating the sheet with a chromic acid 100
g/liter solution, then drying it in a 60°C hot air furnace
for 30 seconds. The chromate-free treatment comprised

coating the sheet with a chemical comprised of zirconium
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"Good" indicating less than 2 mmand "Poor" 2 mm or

nore. The bl ackeni ng resistance was eval uated by

allowing a 20 treated steel material to stand in a

high humdity tank of a tenperature of 60C and a

relative humdity of 85% for seven days and conparing

the color difference SE values before and after. The

¢ 0 PO T (SR TSE: SOl Uik 4 e ra o e e v teimonium

Ji opdi
bl g’cke mgteér %ég%gé[ res%eﬁ? aé?dd)% Ih%% %qfn%urgace fgr 30

sl isfionslsserfaideor haadis wassulqogtrd mitharmd ne lamwere
t h%rlk%/d-rﬂﬁs(&i ed i rackani ing, o(té‘%ﬁr\)@g:—(ﬁas%&’}oqnd raecsﬁl&llt based

Nos. 1 to 46 satlsfy t he reqwremants of
eﬁ&kéﬁﬂ g Tesiaduanys HeRarmion ﬁae?t mthea&iﬁﬁ until

Co%th!e%@t &re%ﬁferfaqﬁ&e@ de Ryeesqpt LR ;iﬁ LQR nglagf%? and

excellent in corrosion resistance bo at t
parh5§°Carﬁdcrl9ré bressh culhpablisckFuitkeresiissan2@ ameatment

q ferdhl .St e r.
excel“ﬁ)aé] C@‘f%n}gkktzﬁ %e{gil 21 %gle.él%ﬁ:t J st\%t he ulfate
ha@gluaIQLs, S@?lqtcicrm farerde sagidie ttren erqimsrlemerﬂrs:l agfrying
the tor egH ﬂr@éecqtdggqtl% 6&% WEL &R - f&éocrf@asen%t and

reS|stance 19 - ratio PPl ratio )
Corr@iettiidyss Ht b aC/“l?l@“LlTE\/éild‘atq osed Glman ccpaensmg The

48d%ﬁ%o%&dﬁ1Hé§3¥£$n&i#ﬁ5&ﬁ%:Eﬂgk ﬁ%:%é%zgvéid%égh by
214376God HL#80 C 1.39 214.6 0.8t L

24§ St RfadiC @8R 25, vﬁllfeozr%stg@fﬁc?orr %dl%lrs of
1 Gt JI0.28B31. &allt88atm 10 draday HHABGA 1B 0G5 151d1catlng

. Gty 7 21 5. d HL#150 61,3
0. d P70 ST TN Bt W paISHEPE orisE cat ing
851@%701l6pr@ OE@@'E&Q@S%Q%&(pd%lé%wﬁre evaluated by the
blisters after 1000 hours of a salt water spray test with
"Good" indicating less than 2 mm and "Poor" 2 mm or more.

The blackening resistance was evaluated by allowing a

treated steel material to stand in a high humidity tank
of a temperature of 60°C and a relative humidity of 85%
for seven days and comparing the color difference 8E
values before and after. The color difference 8E was

measured in accordance with JIS Z8722. A 8E of 1 or less
indicated no blackening or a good result (Good), 1 to 2
indicated slight observance or a fair result (Fair), and
larger than 2 indicated blackening observed or a poor
result (Poor).

Nos. 1 to 46 satisfy the requirements of the
blackening resistance treatment, pretreatment, and
coating prescribed by the present invention and were
excellent in corrosion resistance both at the flat parts
and the cross-cut parts. Further, Nos. 23 and 46 treated
for blackening resistance were also excellent in
blackening resistance. On the other hand, Nos. 47 to 49

were outside the requirements of the present invention
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22 | Zn-11A1-3Mg-0.2S1i None Chromate 10 Acryl 100
23 | Zn-11A1-3Mg-0.2S1 Yes Chromate 10 Acryl 100
24 | Zn-1121-3Mg-0.2S1i None Chromate-free 10
25| Zn-11A1-3Mg-0.2Si None Chromate-free 20
26 | zn-11A1-3Mg-0.2Si None Chromate-free 50
27 | 2n-1121-3Mg-0.2S1i None Chromate-free 1000
28 | Zn-11A1-3Mg-0.2Si None Chromate-free 10 Melamine alkyd 0.5
29 | Zn-11A1-3Mg-0.2Si None Chromate-free 10 Melamine alkyd 2
30 { 2n-11A1-3Mg-0.2Si None Chromate-free 10 Melamine alkyd 3
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48 | Zn-11A1-3Mg~-0.2Si None Chromate 0.5 None
49 | 2n-11A1-3Mg~0.2Si None Chromate 10 Acryl 0.4
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17 Zn-11A1-3My-0. 2Si None Chromate 10 Acryl 0.5 18
Zn-11 Al -3My-0.2Si None Chromate 10 Acryl 2 19
Zn-11 A -3My-0.2Si None Chromate 10 Acryl 3 20
Zn-11 Al -3My-0.2Si None Chromate31Q Acryl 5 21
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40 Good Good Fair Inv. mat.
41 Good Good Fair Inv. mat.
42 Good Good Fair Inv. mat.
43 Good Good Fair Inv. mat.
44 Good Good Fair Inv. mat.
45 Good Good Fair Inv. mat.
46 Good Good Good Inv. mat.
47 Poor Poor Comp. mat.
48 Poor Poor Comp. mat.
49 Good Poor Fair Comp. mat.
Good: White Good: Blisters Good: Less
rust 1% less than than AEl
or less 2 mm Fair: AE: 1
Poor: White Blisters 2 to 2
rust 10% mm Oor more Poor: More
or more than AE2

INDUSTRIAL APPLICABILITY

The high corrosion resistance galvanized steel
material having a hairline appearance of the present
invention is provided with a good hairline appearance and

is excellent in corrosion resistance as well, so can be



3 Good Good Fair Inv. mat. 4 Good Good Fair Inv. mat.
5 Good Good Fair Inv. mat. 6 Good Good Fair Inv. mat.
7 Good Good Fair Inv. mat. 8 Good Good Fair Inv. mat.
9 Good Good Fair Inv. mat. 10 fgoad Good Fair Inv.

mat. 11 Good Good Fair Inv. mat. 12 Good Good Fair
Inv. mat. 13 Good Good Fair Inv. mat. 14 Good Good
FaitS9h\EC TgtPP L 1R tEGH ool 1 rtQ rivhe e licat igyey of
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20 S TBUE FHiH TRF it . £ ISP B rlesw. Lot a
matpric2? tEeod eGoathHaig dtainleds st28e Gandk ool Good
Inv. mat. 24 Good Good Fair Inv. mat. 25 Good Good
Fair Inv. mat. 26 Good Good Fair Inv. mat. 27 Good
Good Fair Inv. mat. 28 Good Good Fair Inv. mat. 29
Good Good Fair Inv. nmat. 30 Good Good Fair Inv. mat.
31 Good Good Fair Inv. mat. 32 Good Good Fair |nv.
mat. 33 Good Good Fair Inv. mat. 34 Good Good Fair
Inv. mat. 35 Good Good Fair Inv. mat. 36 Good Good
Fair Inv. mat. 37 Good Good Fair Inv. mat. 38 CGood
Good Fair Inv. mat. 39 Good Good Fair Inv. mat. 40
Good Good Fair Inv. nat. 41 Good Good Fair Inv. mat.
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42 Good Good Fair Inv. mat. 43 Good Good Fair |nv.
mat. 44 Good Good Fair Inv. mat. 45 Good Good Fair
Inv. mat. 46 Good Good Good Inv. mat. 47 Poor Poor
Conp. mat. 48 Poor Poor Comp. gwmt. 49 Good Poor Fair
Conp. mat. Good: Wiite Good: Blisters Good: Less rust
1% 1 ess than than DEl or less 2 mmFair: AE 1 Poor:
Wiite Blisters 2 to 2 rust 1AM Sr nore Poor: More

or nore it han ME&dW%Tﬂﬁbﬁpféél%ﬂéJ\éJﬂ%ﬁH&ﬂed steel

corr03|on resi stance gal vani zed steel 5 materi al
haWats§ ?ﬁ‘”ﬁ@ S ERrENdE FPRIFF H s Vithvemidning
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ha'k{allxjf'lelne%o“ Cér?efbﬁ% Ecl’Hg I'qu a{é aﬁ? bc? rPJoé’l q’) ds 6Eaving a

l ess o an expenS|ve st'ainl’ess s
matserrface -ro?.ﬁ;hne@sﬁdﬂ\ﬁ ofl.0 2 higle C@f},ﬁl@ﬁrﬁﬂ a peaks per

resl'qStharbciﬁ 9gl wgnneal g4 st eel I%Ieértllaol haé’rp%{f%cular to the

hai'rli ne appearance haV|ng a pl-a yer
pl atading idepqsiHdvwmofa ]:ﬂ,lﬁﬁhcﬁﬂckcgig‘tﬂaeéis mt@ﬁ Mg # :1.2 pm

1 to 0 mass% . .0, 0 S nce .of
o B e iUl o hn o 15 A feline

fordmehcdnd;rhe aendﬂmngsaa Guaiadd nesudtand sy Eaa in a
sur s 3, M nd a p

c{ff%%ﬁ 1%?19 23% ?gd: lar 2t ﬁ:ec I%Oanl J:Slelr npeesn % 1mes or
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inod 20 édtmesn Cb"emmarrﬁalltélﬁ #HPE oiny r@mdiamlrverse ogtigegtion.
times orz nmone Hikgh tdass dpuginess: R idhtfhnealed steel

hairl i irection
materla having a hairline appearance having a plating
layer with a plating deposition of 10 to 600 g/m?,
containing Al: 1 to 60 mass%, Mg: 0.1 to 10 mass%, and a
balance of Zn and unavoidable impurities, and having
hairlines formed on the surface, said hairlines having a
peaks per inch PPI of 50 to 400 in a direction
perpendicular to the hairlines, having a peaks per inch
PPI of 1 to 100 in the hairline direction, and having a
PPI in a direction perpendicular to the hairlines of 2.0
times or more the PPI in the hairline direction.

3. A high corrosion resistance galvannealed steel
material having a hairline appearance having a plating
layer with a plating deposition of 10 to 600 g/m?,
containing Al: 1 to 60 mass%, Mg: 0.1 to 10 mass%, and a
balance of Zn and unavoidable impurities, and having

hairlines formed on the surface, said hairlines having a

surface roughness Ra of 0.1 to 2.5 um and a peaks per

inch PPI of 50 to 400 in a direction perpendicular to the

hairlines, having a surface roughness Ra of 0.1 to 1.2 um
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15 and a PPl in a direction perpendicular to the
hairlines of 2.0 tines or nore the PPl in the
hairline direction. 2. A high corrosion resistance

gal vanneal ed steel material havig\g a hairline
appearance having a plating layer with a plating
deposition of 10 to 600 g/ nP2, 20 containing Al: 1 to
60 2PEs SUPRES Per tigcto % lad® d0Gdinrde dfaiziiine

and iueaaicabland MAidd es.suthdavuidighaid IHDes,
formed on the surface, said halrllne avi ng a _ peaks

peLteGh 198 PBSERSHRGCUGT itP £1f hedkflgmes of 1.2 times or
peimpatedittid a;rurtﬂadeh&dwrmégsesza mawtrtga hJIaakisndirection

|nch 5 PPl of 1t in the hai e directio and,
hagnd 2, Pl b B e adh i g St i Y nes
haiofl i2nés tdfmes, @r tmores tdre MAATe irheHPlhdirltihee direction.

hai rling dlf%ptl%ﬂ é%rf%gy iwéégié% %%%Q%ﬁAﬁggggﬁed steel

gal vanneal ed st e material havi
appedearied haviimg a pladttlnge @@an@ tds &9 didutgy in any
depeg Ufof'&:l%flmlso it Q:06QBO QJHHZDa&%%%H NG Alhatl ttlf% S%atlng

mass% N%, ) nHSS/b and a bal ance of
unafdicda Iuétlhr?ﬁuﬂotnité’smsaﬁd Havidty ameainy iafed fod)r]rreth 3

onnlalkgssur face, said halrllnes having a surface

roughness Ra of 0.1 to 2.5 mand ,a peaks r 35 inc

P Cor 80 t oAb S SEHHGO G1F P AR AR Al steel
haimaltienes,1 MWLE@ & Mﬁr&ﬁ@gp:ﬂ!ﬂi@ﬁﬁ%fhd&’ﬂaﬁ _sttél ficrth Zn any
m a er ,nc [ e .
hal%%e 3 3Fggkt%0% arid RAFAT S %ﬁﬁﬁd%bq¥gﬂbﬁﬂ5%§ﬂﬁ§lng

i nlayeeh fegttihen wqt@nmscwhw ctro ttvhae dfaiTdl iimesarofartouht of
L BE90R0 (P02 A B U LAGE o QvInReSH T e R 0001 to 0.1

hairlin irection directlon
pefigéidi-cul ar to the halrllnes of 2.0 tines or nore

the PPl gi.n tﬂ?hﬁ@%rHd?%dyﬂa%nﬂé§1std%cé“dgﬂybnnealed steel
corrosi gn _resi stance gal vanneal ed steel nmateria

haVPehG T 2Hail AVilRg Sppédridinde aPPSETAGR 1S Fednyfordike in any
Ofo&babﬁBclahﬁs3l Q@aﬁack%@ﬁﬁﬁiéﬂlﬂé&ﬂlﬁ'thﬂfﬁﬂdﬂlng layer
O0.layer further con%glns Si_in.an anmount of 001 to

3 RaboRPTa R migh ot ARS B Pé&a&yaﬁ&ée&éakfamea &¢pLume
st eelt ionatferni alo ma)wvraag %a dmal 1@ izme alpeaman@aMas sSaloy

| LR A RO L8 el G, O 3G S 280 Ul i

of tie mntad @ﬁo&@ﬁ @Mo @eO®@1a¢ol@ﬁBUn§ﬂ%%)and Bin an

amount @f 0. @0 /0 Qrtosion resistance galvannealed steel
material having a hairline appearance as set forth in any
one of claims 1 to 6, characterized in that plating layer
has a chromate treated layer of 1 to 1000 mg/m® on its
surface.

8. A high corrosion resistance galvannealed steel
material having a hairline appearance as set forth in any
one of claims 1 to 6, characterized in that plating layer
surface has a chromate-free treated layer of 1 to 200
mg/m® not containing any chrome on its surface.

9. A high corrosion resistance galvannealed steel
material having a hairline appearance as set forth in any

one of claims 1 to 8, characterized by having a
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mass% 6. A high corrosion resistance gal vanneal ed

steel material having a hairline appearance as set

forth in any 20 one of clains 1 to 5, characterized

in that plating |ayer is conprised of a Zn and A

bi nary eutectic in a volune ratio of 1 to 80 vol % and

a Zn, A, and ZnMy alloy ternary eutectic in a vol une

r attir@nefpal@nito &G ivoldga tvirtch lavesr tadt & tfidkeedsvof 0.5 to
bel%% at Ieaﬁ% 50%:f25 7. A high corrosion resistance
gal'VanhdaCd *&e & {@KSeri al having a hairline

appear ande a§‘$@@H(mdﬂrdalannresnutaﬂcaﬂgﬁlﬁﬁﬁhdaﬂéﬂ steel

ch yA at r chr.omat .

ni*{aa?ce P2 B W I A @ & WG in any
8. OR¢hiogh d@rdmssilot o ési g@r@@t@mmﬂn@m dchast ddle vicinity

MRt itdle H@l%'erigfa%eh@ertldé'é% ac@]%eqﬂ%%gagla%%r f&ffﬂbdé‘ and

any one of clains 1t , Characteri Ze

%fﬁ@qtﬁyefrrees&rrfeéé@%dsaya%rcm@qaﬂémq @anecphrome has

| a)éerla@ferl dfo aZ%pd&/tn%ﬂWQineCQiﬂ HIHNGH A CHFOMY 0N pt
its surface. 35 9. A hi corros on reS|stance

gal¥EhiBatdy A fiedia L LY A tatsiet 0.1 to 10

appeﬂménandaShseblﬁokéhlhg anyisonacef ial ai Metleh®iBonment
ra by having a - 27 transparent resin

co gtl%%% &é%%tof a thickness of 0.5 to 100 mon its

surface. 10. A high corrosion resistance gal vanneal ed

steel material having a hairline appearance as set

forth in any 5 one of clainms 1 to 9, characterized in

that the vicinity of the interface between the plating

| ayer surface and chromate-free treated |ayer not

contai ning any chrome has a |layer of a deposit of one

or nore of Co, Fe, Ni, Pt, and Mi in a netal state or

hydr oxi de state of 0.1 to 10 10 ng/n2 and the

bl ackeni ng resistance in a wet environnent is

excel | ent.



