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SHEET EXCELLENT | N CORROCSI ON RESI STANCE AND COLOR TONE 5 BACKGROUND OF THE
INVENTION 1. Field of the Invention This invention relates to a zinc
phosphat etreat ed gal vani zed steel sheet, having excellent @8r),a8i2804

resi stance and col or tone, that can be used for 10 applications such as
househol d el ectric appliances, building erials, autonobiles and so
forth. 2. Description of the Related Art™ Zrnc phosphate-treated st eel
sheets for use in autonobiles,, household electric appliances and buil di ng

15 materials have beemgubjegtedreoTrberpasiaiZizie BReEphakertr eat ment,

chromate treatment an or n|c co t|O tre%tn"ent Lo Inprove qualities such
as corrosion resist %&%%%MM% of the
chromate-treated steel sheets, in particular, has 20 been prevented in
recent years, to prevent possible environmental pollution, because it may
contai n hexaval ent chrom um and the demands on zinc phosphate treatnents
have i ncreased. wherPARERAUNS PRoSPRatBVEY¥BEIhent is used 25 al one,
however, resistance 1.0 Write@dr ugt tpadrfesistance to non-uniform dew
condensation are entirel h|nsuff|c ent, da ri n5|n tre in a
hexaval ent chroni um cont ai A néngaﬁttﬁ% lé%a)?étﬁei A’ g& ES?Pﬁﬁt%hronat e
treatnment", "seatdaipd rgpdvesitedosteépbssh ik t rteaztlrmgnte‘kpehéenbeen general ly
carried out. Frmztdtqo%s&e%tls@tneavaxt@né@mral esenyal £an b&h?éegée & the

zinc phosphate treatment is essentially not. sufficient, and opnent
of a metHdd capR#tie-GtLiomsr §¥FAgaE h}éo‘&\fﬁ?t‘eldr (FeCrEd s PRAGB2ARES ¢ he

non-uni form dthbtiS:Stdmmims:@trll@msresxhsér@cﬁtsﬂ.esa%dbebngo}tﬁe of any

envi ronnment al probl m h ir for Whl te appearance is
required in-nost 3’ Ju%e%'sgggﬁtggé 1ec%tréees oartetdh %inc ‘phosphat e-treat ed
gal vani zed steel sheets. ZEfict BBogphatetorRa terd gtegAdehkpragfe¥ |wse sirdar k

¥\hen vvhlOI t ehcoatddiﬂ)ntoﬁnilé@' : ﬁduséh@l@oépécﬂﬂr&,e a@:fptlaenleﬁet kR zglﬁf dark,

00, an e co al ue ro i's problem Japanese
Pat ent Nots Z, 7.}%1% qﬁoﬁa&aﬁﬁta @é%%‘t elfgsmat\ﬁnleeﬁf"ﬁﬁnfonﬁlh%d using a
formation t reatphtgspé'talt@t togratoanii n¢impiatd darsaamdnbyandnsrgamispeci fi c :
concentrations co%!trlfh% E%%t%@n@%@oﬂnﬁéo@%1‘1‘&1%@%956”% ‘?c;ﬁemseal ing

chromate treatnent, However, the corrosion tesistance Is ficient
Japanese UnexamiSTed tPECENEPBUBPRERRY R YSQATANFENo. PQWQ’%BG H@%d’rﬁ%ég a
phosphate treaturentchretaced-proxted ngtee Stenletsheéh pavtbgubagh mty teness
and 15_ excel | gple %;%@Q %!eaanyré'ééE'tg )raeafr%r gt %?e S@t 0L5,50] ution
containing Ni ions an i n specific doncenfra |on ccordl ng to
this method, h&REECNTER aéoP%éP*é%P‘tes‘?%‘taaW@eltpﬁﬁvl ganrb@iy white rust
resi stance, anchebaeanentushtonudpvasdndansiir0asr 881 61 A0CShadghart 20
sufficient and .t LJ%% n%n $S angcéé cplformty are not sufficient, either.
Japanese Unexam fed aten Blibt 1 Eat T ons (xokai) No. 1-312081 and No
3-1D7469 disclose a zi ncWpPat tie szt minsmhatgy tngasmeMycbntesad ng

phosphat esfi | matme C@tbh@$e9n £§§i§{€a9dlﬁ£ t?whRkt eyt aghy M {8 st

resi st ance, t he non ﬁgon densation resistance are not

n
sufficient i n t ?Oﬁletuﬁdgor‘?hgﬁﬁhc?rh VIO 2pPoFPEEESHY gh whi t eness, this
met hod i s not StmlfoUIf(fllemenfcr.onndhe aEpeoty dfregnitkotninya ofiexdwemleoitor t one.

w000/ 73535 deS(‘crHr%%ﬁuﬁt ébﬁ@al@h%&d %ﬁé‘cﬁls %Q;ﬁh%h &Q@t fass & phgsphate film
contalnlng Nb and for nmed ereon and i s exce ?ent In tHe corrosion

resi st ance (red:hrt9§1tat|ee§F§F’éﬁ€%§ an'bsec"’b]dt’i%gtrﬁéitfnﬁf‘ﬁén‘&% "RAET directed to
obt ai n udidf or mweiattecappeahanceeamdyeneal llgntcankibe sust rESdrsttarce and

enti rel y st ?2&%?5%%%%@?&%%%%@%%&%‘%“”ah%Péfm‘;%B}% R
i nvention ai ms PARCSph@RdiERgaameR hicl pHRTHEtieldvanel gaf ibhistdg $t€el sheet

that sol ves thenw akekercgrsati @eda adwemd @eeebnetotemp#@vtrtge tgral i ng
chronmat e treatnent can secure. suf e ru§t resi stance 5 and

non- uni f or m deWw ¢SRdENES F AT BITET a%‘g%q?aémﬁl rgR*0RT T eh®ss and i s

excel | enB3i n colodersagicTheepiesamme i rvehttedsghdveeexfindmed t he i nfl uence

of metal COMPORERLSOBEE Al NaRoZTeh N 1A 1leAC dBliespBat et reated fil m formed
on the gal vani zed st eel have found that the white rust

resi stance, non-uniform aeW‘égﬂH’érf@h’ﬁ%ﬁﬁp@é‘l@Paﬁces TR BrRes 4 Paf@SEol or
tone uniformty can be inproved when a relatively |arge anount of My is
contained, but this means is not sufficient when it is alone used. \Wen
sui tabl e anounts of Ni, Co and 15 Cu, that are electrochemcally nore noble
than 2n, are allowed to precipitate beside My, these el enents operate as
the nuclei with the result that a conpact and uniformfilmcan be formned,
and t he Ob] ect of the pr esent |nvent| on can be achl eved 20 The gl st of the

oy N 1 o, 1. .




30 is not particularly limted, either) and el ectroplating, hot-dip

pl ati ng, vacuum deposition, and so forth, can be enployed. in the zinc
phosphate filmforned on the gal vani zed plating, My and an el enent sel ected
fromthe group 35 consisting of Ni, Co and Cu nmust essenti giljung206&i st as
met al conponents other than zinc. The amount of My is at |east 2~ and the
anount of at least one kind of elenents ~ 23-June 2004 - 4 selected from
the group consisting of Ni, Co and Cu nmust be fromO0.01 to 18. \Wen the

amount of eithercere gbrt hﬁéezﬁwl@yrﬁﬂeit%hewdt §1v§x§i3f£é' 410Wer
limts, the M|t§[rgst Fgl st ance and 't he non- uni form dew 5 con ensatlon

resi stance are dett&rfor at EdEBACUNT GRS Pofnt HBdEBH’)’i‘n‘i onel M rich < azkhen
co-present, thestegl shenescéaring ompadt edndthai 616 Wide Hiddr fil m
having less pits.,,Ihg UR L f I t e, I nts selected
fromthe group consi Sti ng85 é%\lirg,latr ] é%&’&ej@? t% w%rgﬁaleﬁlgaguse t he

col or tone>beco®&®P8ark and uniformity of the color tone drops when the

anount exceeds this uppertdidbpe Ghtl-rthlbepadbﬂémpmé@dd&é)fm&%tz'NI&C
phosphate filmi,s st anpunt i s |ess than this
val ue, 15 the wAi tﬁé}bfggﬁ rfecgifs edV\%eFﬁglﬁ‘Bﬁ BntF T e ®Ehsat i on
resi stance drop‘is'-Fﬁé 2i ﬁ@rfﬁﬁws:gha;tr@att)lpe galvahou ecorstaiglirghdet imnsor di ng

to the present inventi odndogs dileiraGUckRclnBealifgs Chramie dygat ment
after the ﬁl nc 9\ 55 ate 20 téeat ment. A sealing treatnent not contal ni ng
Cr is nattral l y &

t BYSRRET BT PLEPLEE BF ©oR rRAloma sdiromanee, but
i s not necessar yredhment nchphoaphatieef cbirofidherénvaidricen igamoke fornmed by

conducting an ogdicRakyetd eatmtne%gcl‘[}n@%%?né@rﬂé Y, di;RRiNg in an

ordi nary zinc phosphate treatin contalnin phorl c acird ions, Zn
ions or nitric 48P} bri%e arft 49 rﬂ&é§rbpead@|um@0$meoftrwgtmmt Co, Qu,
etc, in the formeehodiprater o at Beckbieshbag rba?a&ihg Sﬁgﬁxmkéﬂeéadand
Conpar ati Exa ar at i tani um
col | oi d tiﬁe pr g%gg%@@fﬂ \e/?;dshjeéc’tl%ﬁ g‘%l rr%l orr"n“ 5F§F§He§%eel sheet
having a Zn pl aFPh‘@thﬂ?ﬁ‘bLﬁﬂn‘f@flnG@lggNnrzl?péraiﬂ@d@ lo'ﬁﬁe lslt epkcdliéet was then
35 treated by S@bﬁuéma:;mmsph@teoka@agnwttrbﬁ hhetOlal RbREvar? hd of Zn
ion., 20 g/1 of b ONS arnd Zt% N was washed with water and was
then dried. SanpPes s I3 IRE (5‘53' %r b‘fu%ﬂp"ar“ﬁ‘ﬁt\?erﬁfénﬁ?élit%ﬂe'
Exanpl es 1 to 3apgrehgrrepgared floymcHange oyde s siprmayesiise anEraapeendt Af t er

the titarmdum coki of o tame a@;@et%lée@hm’eaﬁey@sarﬁi 3:1%1 'u%‘ifb? 2c5teel gheet in
les 1 ﬁate treatment bath

the sane way as dgfcrj b d ab%\ﬁe rrg ,
containing 4 g/1 Tyn& 185/ 19 ?a’ﬂﬁjs? ()‘H%e’%?ﬁb}nfdg?itSPtNl i ons was
appl i ed by sprapihpbicatidie JKesbighvet . 1ThEN 8L haemdsmeel 3sm&en69vas washed

w th water and @@@cwé@% lzqnbopﬁaegargt@efagﬁéeet Hay ®ud: Exanpl e 5:
After the titaniumcollo type gre treat nent was a “a steel sheet
in the same way®¥s* "’H’é&fﬁ @5‘85856 Extpl ekhe Gc%r:?Slérnpﬁ%bﬁ’a%’éc%r eat ment

bath 15 ¢ént ai nﬁaaugtﬂ:u;jl/aicqu wBil teonss t 2de g st z0fc VY ain@nNgha8nfoR-Sn P drrof Ni
| ons vas app! | edey SRALAGoLo Lbecohcel Aol TheRcihg. of el sheet ves

washed with water an ried prepare a sanp anpl e

6: 20 After the®qFhshi ur”ﬁh@&rshoi:alﬁyrﬁ%t?m%-awatd@énblahswhpmmw,t d-hisst eel
sheet in the samwm/ﬁsnde.seﬁfbedléthVﬁcﬁxadﬂé| %%péc&ooff,u:@lf&h%ﬁ}atcﬁ

treatnent bath t In g/l /1 g/l
of Co ions was %g%ﬁade% b%"ée f ay W§60ﬁ3%% ssecerll%fg Shég’? grﬂ%‘hﬁ eel
sheet wasashethsfi'tt Hhidt éaSaﬁdpb\;agpmwef:ﬂ@ sraparleiag sherpin ofi E%arrpl e 6.
Exanpl e 7: AfteMn tﬂlﬂ:xrteldt anwabﬁoéxh@lﬂbtmmreatt rlaam@néoﬂaésf&pl ied to a
steel sheet in Sscb e V\@¥ s_descri beq_‘I3 bovs Exanpl es 1%1({) 3, a
phosphat e treat meth F ¢BRPaF AP ngt ° i 2 hsF ) ZA FoR8at 589 Par I MaSfons and
0.5 g/1 of Co ivdmen \ﬂageappﬁl td oytain ayiifprmowhhiéestppéasdrast .arthen, the

steel sheet wasgmh%%%hmwawgt%ﬂ&%n@ '%th RoRLERAf &t RAITPI e of
Exanpl e 5@ 35 Exa 8. Atitanium coll type pre-treatnent was applied
n

to a nol Zn-¥ aéFPBf%?%a?%%i“%%eé’l”W@é’t' ﬁﬁ?fﬁn‘@e‘é@% is 7®tjune 2004 -

entirely satisfactory.
SUMMARY OF THE INVENTION



pl ati ng anount of 60 g/n2 (per face). The steel sheet was then treated by
sprayi ng a phosphate treatnent bath containing 4 g/1 of Zn ion, 15 g/1 of
My ions and 1 g/1 of NI ions, was washed with water and was then dried to 5
prepare a sanple of Exanple 8. Exanple 9: A titaniuntcollonghh 2004
pre-treatnment was applied to a Zn-1~Co aIon el ectro-pl ated steel sheet
having a Zn plating anount of 20 g/ nR (per face). The steel sheet 10 was
then treated by spraying a phosphate treatnment bath containing 4 g/1 of 2n
ton, 15 g/1 of My 'Qﬁﬁlé%éﬁn%% oL ik %9”}%}:0\)"?&1 #ed i phoushetoand vas

then dried to prepare a e 10: 1 ani um

colloid type prerezed r@it"é\mg?eélpﬁltﬁéa sheet G@N.S%ﬁsautﬁtengrﬁ gm
el ectro-pl ated géeetisdeaibdRgVvidegsands pé@mim emwamfngzehgbmhtéper

face)). The steel sheet was then treat h h eat ment
bath” cont ai ni ng*4¢gF et A48T 5715 8}1 JY'T\%P ong%g’%d(%%e gtcg?éé
i ons, was washeandi m@mzdrorandemsonﬂensmi@d Jtetﬁlm't@p)&ﬁe §a§ah®9§ of

Exanpl e 10. Conpay akidé Fe@mlsee%ceft«ltehtam We Xt 1+Qin type pre treat ment
was applied to a nolten zinc plated steel sheet having at| n% %€
raying a

amount of 60 g/ne (pEe RFGSPItTHEVEPERFS SRR ‘?’Ea“tlﬁ?ﬁlt «?atl«? B§"S
phosphat e treatmnenil baddpcr@ntcai pichgr2théd of n thenzi%cgphosbhbpet+ons and 1

g/1 of N ions, r d g ep -
sanpl e of Corrpa?%??v%@%}% Wotrge\éagﬁ tﬂ@a?%%r;elh%xﬂaa%&e%%g(ﬂﬁge %@e

titani umdl | oi ¥2Y§pee e tthraéaftﬁént"h\’/\é§ Bpt |3f§f3t5t§aé‘°§3t'eéllon§ﬁ€ef°t‘ﬁ t he
sane way as desgék heshadinie icanpasabiiscex artpl teriks sa apldosphatetbneat ment

bath cont 4 Al o 2005 BB Pl a0 ) s Aeanplid b
and was dried tof pieps ewtedmsde Pt CohparegInge J&MI sugiicient Jyhrn 2004

7 _ Conparatiyg @%r@ %seﬁftethhesﬁi’E&ﬂlé”Hnwdt@ &ft ¥Be pheakd eat ment
was appl i ed to a st sheet .in the ve Conpar ati ve

r| b ab
Exanpl e 22 a phb&ph %t tétréeater}@ﬁttrﬁﬁpﬁméc%mé?cfﬁ%d’ 3?‘? B7n®t%ns, 10
g/1 of My ions ahitbwed/tb gfreNipitasewass &iplNed WS@pﬁéymﬁgtEOOPﬁeatsﬁt eel

sheet. Then, thg,stgel, Peq.t w‘ﬁ.@§ wagheds i £ he gt &f aWas adai 86 tQ-Pr epare
a sanple of Co aratlve e 4. Performance e\éfﬁl &S’&I on nethod: 10 Film

wei ght: The filhtbk ‘@Jbt‘f’esét?ﬁF“é’dl'saBFSEB? e &3E55Rfroni um
di chromat e sol uthesmih tdee biel Bcheegad.is cal culated by a gravinetric

anal ysi s ggethod. Fi Ii £Qmesitd Re %ée@@wﬂm&e@nsr%ﬁee fhl g sglation

descri bed above are determned in accordance wth | CP anal ysis ‘gl nducti on
Coupl i ng Pl asnePEHe%i ifeAn &NP&its Paveneat ciAnf é’l't‘:‘r?é’hlattlemf& ApodheT o (8).
Pai nt adhesi on {ip¢ i firicy)sho2@hAt20 £1imt honkanuatamge(aém 2ackf#8604xnd a
product of KansgloPaldil; doddak 13230" %€ % P LA AR 2-BY Y no 2

a 14%08f ﬁe

sprayer and baki hg m nut es. e sanmple is t t standing
for a day. Chec‘k@@%&?@%@rtatf@h@§ Wit hCe #af dabs PF0GSqAAPEE}OR ety the

base iromare 2§sfordredh By iwsSiarg1aasiNTocutdari.and the filmis peeled by

using a Cel | ophane t - _pe 1 of 99 to 6

squares, D. peel of ﬁﬁf@ﬁgﬁ)@aﬁksgkg 9%%@%@&%&%3&%%@#5 Pai nt adhesi on
(secondary): 30 The Bieealshedizedostedli phedfe watk inayhes pdesert bed above
is imersed in Méﬁ{‘ﬂ:ﬂ@sernottobagglahmﬂf@ Bnfhidest,| @hls phandpage fOmma day.

Checkerboard scratches wt g g él uar es gﬁchl rig t he npease iron
are formed by uRT#Hg %Wﬁ@l}ﬁt"é’rp AGPReCHR 19 i 5eel &8P IEETRY ™S &35
Oellophanﬁ)tapaﬁ)%t peedt iof1B00ysduni esd, Xeient, @tnd9gltegt603hmta¥1&r L\:
peel of 1 to 5 sQUaEES »1QtREE! vakulR degésﬂtm 20041 =% $8%aRe)catViid e rust
resi stance: Edges an the rear surface of each sarrpl e are sealed with a
tape seal and a®®Pi®e%pray test is conducted in 5 accordance with

JI S-Z-2371. 24 hour sii ater ,zltrthephbapgeteffahpe%wjzare@eoinstemagtahemi@e)&
occurrence of r Ifgqceh dQpto 99~ of
white rust, ﬁpa%ﬁélo IXé{ofa\,‘)‘i%nl teegggeggéﬁé Lfr 0 € gi‘ Non-uni form
dew conde-“tﬁsatl o@omwtstrm@é NG Apt apdols %%S‘bfestﬁet l\ﬁétlé'rCPse’b{ﬁt drop- wi se

to each sanpl e, néhel iaefﬁllﬂcﬁteln?ts' gfhest anghngidor dae ap@unikgbt, Mand at f
appearance i s exanine ye cc rrence us c e o
r emar kabl e non- %?ﬁJ‘E)r?ndii c{]ﬁg’ﬁgﬁ&%n ugtu 0% Ckurorné}n?:%ngf ogxgréergrre%{]% sl i ght

non 15 uniformty ,':: no occurrence of non- unlformty) whi teness: An L
value (lightness) is neasured (X less than 65, 0 N 65 to |ess than 70,
OO : 70 or nore). Color tone uniformty: 20 Non-uniformty of the col or
tone is examned with eye (x: a non-uniformty exists, O no

non-uni formty). Table 1 shows the result of perfornmance eval uati on.



whereas all the Exanples of the invention provide good perfornmance, sone of
the performance itens are 25 deteriorated in the Conparative Exanpl es that

are outside the range of the present invention. 23 June 2004 nE _ g _m
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calcCc(a c(a
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109%& *1 HOP" *ERX/ 2L} [ OMAI 1] H
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0%l & () - LE[ Kzx@Mdlskkhipd, 108t is not necessary.
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y conducting an ordinary treatment such as

25 spraying or dipping in an ordinary zinc phosphate
treating bath containing phosphoric acid ions, 2Zn ions or
nitric acid ions and fluorides by addinglions of Mg, Ni,
Co, Cu, etec, in the form of nitrates to the treating
bath.

30 Examples and Comparative Examples
Examples 1 to 3 & Comparative Example 1:

A titanium colloid type pre-treatment was applied to

a molten zinc plated steel sheet having a Zn plating

amount of 60 g/m® (per face). The steel sheet was then

35 treated by spraying a phosphate treatment bath containing
3.5 g/1 of Zn ion, 20 g/l of Mg ions and 2 g/l of Ni
ions, was washed with water and was then dried. Samples
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25 sheet. Then, the steel sheet was washed with water and
was dried to prepare a sample of Example 6.
Example 7:
After the titanium colloid type pre-treatment was
applied to a steel sheet in the same way as described
30 above Examples 1 to 3, a phosphate treatment bath
containing 2 g/l of Zn ions, 24 g/l of Mg ions and 0.5
g/l of Co ions was applied by spraying to the steel
sheet. Then, the steel sheet was washed with water and
was dried to prepare a sample of Example 7.
35 Example 8:
A titanium colloid type pre-treatment was applied to
a molten Zn-0.5%Mg alloy plated steel sheet having a Zn
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