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- 1 - DESCRI PTI ON PHOSPHATE- TREATED GALVANI ZED STEEL SHEET AND METHOD
FOR MAKI NG THE SAME Technical Field The present invention
relates to a surface-treated steel sheet used mainly for building and
hone appl i ance applications, and specifically to a phosphate-treated
gal vani zed steel sheet suitable as a steel substrate to be coated,
and a nethod for nmaking the same. Background Art Gal vani zed
steel sheets coated with zinc or zinc alloys are used in areas
requiring corrosion resistance for building and home appliance
applications. Such gal vani zed steel sheet is rarely used as it is. In
usual cases, a coating is applied onto the gal vani zed | ayer of the
sheet. Further, before the application of a coating, the sheet is
usual |y subjected to chem cal tre®@EREREPEUCGR as phosphate treat nent
or chromate treatnent The phosphate treatnent is carried out by
contactln§H9§PHBFE|ER%%ﬁ¥E|(ﬁ%&ﬁ%ﬂ%&ﬁ%lnéTﬁﬁespﬁﬁﬁﬁgi &P WMERHQD FOR
gal vani zed %ﬁeel sheet to allow themto react, thereby formng a
crystaII|M§ NEnFEl d mai nly of zinc phosphate on the coating
surface. The phosphate treatnent inproves coating - 2 - adhesion,
whereby primary coating properties stable to various coatings are
made avalhgghglc%hegfgﬂﬁe gal vani zed steel sheets treated with
phosphat e "are”w sed as steel substrates to be coated for

bui | di ng and hpggaﬁygg driANG & vanpk baat kb PRsSe s RUS they, L1%:flar&ereggglg?éiears

in order to inprove the corrosion resistance o osphate

techni questben Epest ngsad &ﬁﬂ%l@h%&hﬁhglahhg‘ &Q@t}?érﬁlsl f%ﬂ‘iﬁa%\ée been

di scl osed in many patent docunents. For exanpl e, Japanese

Unexani nedpBat eatidpp) i oad ispediutilcatayi 68 Nophaffat285346 tdiascl oses a

zi nc phosphate-treated gal vani zed steel sheet with excellent

corrosi ongeésasiand estaarnl cdlemt tsonéabiheast eettstieetudsndang &dozbBC

phosphate filmcontaining 2.0% or nore of Mg and 0.01 to 1% of at

| east oneceképdnt ar@| et dd dmrNmakéng bhd wmet a coating wei ght of

0.7 g/n2 or nore. However, under the technique, the zinc

phosphate filmcontains a |l arge anount of My, so that the surface of

t he steel sh et coated with the phosphate fil mnay be discol ored

bl ack, or BBF Eﬁ%h%%V%E%n exposed to high tenperatures and hunldlty
col or tqhe t he zinc phos

Th i t. bl f
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concehtragkenﬁsed in allaeoaag*%%ﬁaﬁ t MRy 2 9@969@5135 | Sgl Qs

techni que Tor preventing the Tornmation of Spot’s’ o osp afe crystals

t hrough tB’éli&fﬁ(}E}”&m e a%'l‘i%ﬂ'céeg Eif@ét%n%n @'uem 1z§d

zinc coated ste sheet with a nmagnesium zi nc osphate ase aqueous

sol ution geabai shéwk 0t daredOudkl 85 Zp, 1 9. 41&10u§u919é£seé My, and
0.05 to 2.0 g/L of Ni, and 8.0 to 20.0 g/L of 9205, wherein the ratio

of the freeadthg LOMEILiddD onhie thbabadehfli £antRfter( fofe@he sheet.
acidity/total acidity) in the solutionis fromO0.02 to 0.15.

Under t heFtether quesfdmre dheermpbdidensehyof oa mqptasphatteéeceyistal s the
treatment requires a relatively long period of time of 20 seconds to
10 mi nut egsughbn Tl ediEst renchieniral| sueatmyntafsmht reapienthsteh as
el ectroplatin the above treatnent tinme is preferably as short as
possi bl e FF® $$R§\H¥ﬂﬁﬂﬁqm?§§ftﬁ?éHGEPFon ef ficiency, but phosphate

crystals tend letely fornmed with short treatnent such

asyseveral é%ﬁﬂ§% %eﬁgnﬁ§e?%%%T? tHh G9ca® %v88§n YeSoBFaphbRD I e
crystals J ese Pat nt hb 2770860 discloses.a tec ue for
unCkIy forh?ng a osﬁhéigﬁ ﬁn?ﬂoiggﬁﬁ?(§99ﬁ ot oﬁegﬁﬂyﬁabhe?he

of “Zn. 0. *4%%*-‘3%@% S e CE e SR 358 2 er o n The
ratio of EP?sEéfﬁr?é“ﬂl%P%%%s%B hheniotat 2G1d LAk e( bheehe

coating surface. The phosphate treatment improves coating
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- 4 - steel sheet tends to result in devel opnent of streaks,
dependi ng on the surface state of the gal vani zed steel sheet. This is
likely due to the fact that the difference between the |evels of

| ocal reactivity of the zinc surface | ayer beconmes obvi ous through
the treatnment with a high etching effect, which results in the

devel opment of macroscopic fl aws. The object of the invention is
to provide a nethod for making a phosphate-treated gal vani zed st eel
sheet which allows the quick fornmation of a uniform phosphate film
and a phosphate-treated gal vani zed st e®l~ sheet havi ng excel | ent
corrosion resistance and bl ackeni ng resi stance nade by the nethod.

Di scl osure of Invention An aspect of the present inventionis a
met hod f ordhakioy, apgsipharé maryaredt jay verndeed istsesitablleet o
including form ng a phosphate filmon the surface of a gal vani zed

| ayer of ¥2FaPvarFordindedreshede a¥rhhahlphodpracéoreeagabmnized
sol ution cont ining Zn2+ and My2+ so as to satisfy 2.0 < Zn2+ S 5.0
g/L, 2.0 § ﬁ/ﬁg %h%efb‘s gt/{eato?ﬁidweth BhRARL: ?%za#es@@lmhlaeéaﬁﬁsfsw%b
0.020-S free acidity/t ILn the Ki met hod,
t he phospﬁ3$§€¥?7?ﬁ E? ef@?&ﬁgy%¥5r Hfgﬁn%dﬂFﬁgFWﬁbapnglaﬁgﬁanized

| ayer sur hate treat nent sol ution f

seconds. E§§§1¥%{ Oﬁs,AnoPﬁer aép%%tre i geﬁfgéeﬁp Pﬁg%ﬁt?% T@fove
phosphat ezt e Y S ]gﬁﬁg ny o]

maki ng- neFﬁ%d§$£g%e éh?%%ﬁ%gggkstéglgﬁﬁép afﬁ%ﬂ%thggehhggugg Ygﬂate
filmcontabhigg M zlm@rbr@@%efteohilm%mtﬁr%r%‘yw nAReSpakna coating
wei ght of 0.2 to 3.0 g/ Yet anot her aspect” of the present
|nvent|ondL5ch$Eﬂfmniﬁaﬁy makieny aophesphat e-treated gal vani zed steel
sheet including treating a gal vani zed steel sheet with a phosphate
treat ment sol Rdrorxbepiley MiapphesoHatexdfiinadoratbat suphbLez ofort he

gal vani zed steel sheet, wherein the phosphate treatnent sol ution

cont ai ns En2ki¢atizm &lwunk002-28r3§ kb2 oBeg/ B andc Spogphator- | ess,
My2+ in an anount of from2.0 to 5.0 g/L, the concentration ratio of
the My2+ FBeZFRd qaMy2AiZegpLrslf ppe®. @it ex®llgnd cherpaito of the
free aC|d|tg}to the total _acidity in the treatnent solutlon is 0.020

or nore ah@ %E%PQQHﬁ?q)QﬂéorBégPerH%ef%ﬁeQimﬁﬁﬁeﬁg eyingha £Hvention
As I d h I th

ovent or SPRASR Gt Eh e ﬁﬁﬁﬁﬁgr%ﬂ"%ﬁc’ Vﬁ%&reeeﬂ?b&g.e Bcﬁﬁ"jﬁ% hed
on a galvg c&é§§¥ﬂon%p%%%mgh£oggf é 3 USE. o hos ?H : atnent

sol ution COﬂ alning a zinc 1on an gI’IESI UmIO e zinc

ion level, g%tugElgn '?Yﬁimuaﬂ% Ahe concentratlon ratio of

t he nagne5|un1|on 1 he zinc fon are Within specific ranges, and the

ratio of the fygevael diuhdetorhded Ml RGl dhbYziSc phsphatdPld
They have al so found thatethe resulta(% phosphgtectgeaﬁedagaldgﬁrged

steel sheesnt@m=excaldrept afoLAOSHOMY eSéStange taad shkagkenbAdihe

‘resi stance. The present invention has been acconplished on the basis
of the fistkelssheet coathd gtthcthe eplodsditpriddanmaiynsentii oco baekd he
reason for the nunerical limtation of each essential feature are
descri bedbbatlow.or blackehedphbsphexeeseddiedighl vanpeedtsres| amheet
obt ai ned by the nethod of the present invention is conposed of a

gal vani zelgiddy sh“ééfsrﬁaw r@lq%reﬁoalsmoﬁbﬁat@w i $9R @ ritcieniody
0.2% or npre and | g@bb mass of at. a coating wei ght of
0.2 to 3. Bh%/%ﬁzw( iC tfil ) is darlfh]éeﬁ%‘F%n‘?%dflslt“ééqor’stﬁé@F ¥4

the steel .substrate for .t teel sheet_of the present invention may

be any ga?%hﬁ? §FistEePts Eég , CYOFERSERIH S a hot dip gal vani zed
st eel sheet, ghgggrgga%_@qh;edgggggkeegegﬁge =%ﬁ%%@n%§§b§§ §teel

sheet, an alun1 Rarr Zi'ne oy coa rex

mol ten zi pesandeing TReS rakhat I 8 | QYeiP YL Ln3keRht 8NEE s+ s @

through the treatment of a galvanized steel or an aluminum-



- 7 - galvani zed steel sheet, and nay be appropriately selected
according to the intended use. The coating weight of the gal vani zed

| ayer nmay be appropriately selected according to the intended use,
and is preferably from1l to 100 g/ n2. Wen the coating weight is 1

- g/m2 or nore, sufficient corrosion resistance is achieved. However, a

coating weight of nore than 100 9/n2 is wasteful, in terns of cost.
The coating weight is nore preferably from5 to 70 g/ n2. (Phosphate
film The gal vani zed steel sheet fas on at | east one side

t hereof a phosphate filmcontaining 0.2% by nmass or nore and | ess
than 2.0% by mass of My, at a coating weight of 0.2 to 3.0 g/ng.

The phosphate fil A4S f orme for rOV|n the dhe

_between t k&" ﬁaFvﬁglzéﬁxfgye%'a dwéﬁgt?nﬁag éF&%FEe‘

i frpr oves LLQs I I T cqnt, ent

of the ph%gp gté8¥e§é§i§§€y£§ eragﬁg % g@?by nass%gnpﬁﬁte zgregéIl

than 2. 0%Rysmgs /LVX‘@%]‘ h%nﬁoﬂtﬁﬁt 552002%919 nd™8(8 to 2

suf ficient corro i'on resi'stance I's achi eved,” and en "thé "Conten |s

| ess t hang2y,09 by,dg1Bssne s¥oe! ity dHliackeni.ng f@éésat@f@ecdrﬁté&h't%ved

The My content is nore preferably from0.5 to 1. 0% by mass. The

phosphat e thil tvbtRY £0IH addhtwnavqirdasbl ecmpw;ﬁdm sitaiiag)Nin die and

Co within a range of 0.01 to 0.4%by nmass. - 8 The coating

wei ght of sbhet pbwsphatmeonf id.82i sopbetbrably fromO0.2 to 3.0 g/ n2. Wen

the coating weight iis 0.2 g/n2 or nore, sufficient corrosion

resistance i s Geliretde, tantiniben, tire ool g weingklyi $o8nOplyésthatre

| ess, coarsening of the phosphate crystals in the phosphate filmis

rat her i nRrBFteds, WHicH neadmens raduhees npresdatfeielof lohe peaipdgof

adhesi on. The phosphate filmis formed by contacting the surface

of the galF¥&Ri 989 a'iFét’O‘\ﬂst fror Be BéPBWﬂes@ﬂeﬁeGhﬁh%%ﬁ@t‘%mt right nent

solution. .T ont.act od i s not rticularly limted, a

an ordi naf§ Tﬁ%?ﬁ% %f TERFRGThgS gghl?ﬁﬁﬁ%ﬁ Oplatln?he g?e%?

time with e .t | ug i S fera f.rom to 15
ﬁ&égtﬁﬁﬁép@ﬁﬁ i %%%E@Eb%? gé §Hbr é% 551%H¥h£ ﬂo

seconds. trea I'TEI’] tinme 1s’3 Sseconds or m)re ate

filmis readilyi Aord@d AR MBANEREC L L2 ”Etﬂftéd ghﬁte5c§§§9£'fl§ or

| ess, etching by the phosphate treatnent sol uti

i nhi bi t edgenbi €4 BeaGidddmphies el Berbona@th o of homr @ fdakLheh™ such
phosphate film Before the formati on of the phosphate film it
i's preferabl eetdedl tdcgalsyanhied hayeredel subj aciced tvecauétegeof
conditioning treatnent using a colloidal titaniumactive treatnent
agent. Exphpsesatd dhestadlsl.oi dal titanium active treatnent agent

i ncl ude "PREPALENE ZN' manufactured by N hon Parkerizing Co., Ltd.
The surface colgianiesei Rgtentaiorent2 /8¢ cbedtackoees cuttdnhrspnayifeg t he
treatnment agent on the - 9 - surface of the gal vani zed | ayer.

The net hoBuesklhef Prddent PReERhabA Fbkm mikimg ahgesphare- terat ed
galvanlzed steel sheet includes form ng a phosphate filmon the

surface ofP Epﬁﬁﬁdﬁﬁ?iéﬁaﬁﬁféF Bith @a?@%ﬁﬁ@ﬁ&f §ﬁ§€Pu§hé@tUEé?%g a
ho hate treatnent co a + 2+.S0_a
Satisty 2°8 G SRoGRL P T ¥ G 6 s Hensant 5

and sati sfy C tyl a 0, t he ptesent
descrlptlgnbn%nqu? un?tbqg exB%EEEEdggg £%F fﬁ%Qh?Z % ¢ %8
g/L &OREeh S @ t@ese%t'aal aewp@&etténé Of £ rgatgtlteg%tabgt e
crystals, so that the Zn2+ concentration int phosphat e treat nment

sol ution gusdi®e B enehar1dt9of/ Lsangbm- @ 9/de @, 4l.ess, and is nore
preferably from3.0 to 5.0 g/L. If the concentration is 2.0 g/L or

| ess, the phosphiatethastéthsient) ydegasict scivhicehcesstdtsor nd he
fornation of a nonuni form phosphate filmlocally devoid of phosphate

cryst al s, imcckadedmthe richgnebhngihg tihe gwsiphated ferysbal sinaren a

galvanized steel sheet. However, continuous treatment of a



2.0My2+5.0 g/ L My2+ is an essential conponent for inproving the
corrosion resistance of the phosphate film so that the M2+
concentration in the phosphate treatnent solution nust be from2.0 to
5.0 g/L, and is nore preferably from2.5to 5.0 - 10 - g/L. If the
concentration is less than 2.0 g/L, inclusion of the nagnesium
conponent is so low that the corrosion resistance of the zinc
phosphate filmdeteriorates, and if nore than 5.0 g/L, the content of
t he magnesi um conponents is so high that-the bl ackeni ng resistance of
t he zinc phosphate filmdeteriorates. The My2+ concentration varies
dependi ng on the concentration ratio of My2+ to Zn2+ (MJ2+7Zn2+) in
t he bel ow ribed phaosphate_aqueous sol utjon o that th 2+
concent rang§§En%}é?etbgceanfﬁsugttoeée\%u?gi ﬁnane‘é%ipc?p(%eﬂstatogF&ﬁ&gﬁgf

My2+] 2021400 BndMIGHENGZ S eace [ROEABE LAo! 8L 2, PhOSPOALS TddD:
cont ai ni ng gh appropriate anmount of Mj, in Re presen I nventi on, e

concentrathon fatq f [ ' d [ [
phosphat e t ?ea%%eln%és)loﬁi tlﬁ?%og%?l%g%jg%%%é?sﬁﬁf%r?e}%fggaﬁ g%{:%e%nt o]

2.5, and gpeelgvei rablnpdanore@citord @5 dHe MiZH 4h2¥aks hegsrt han
0.4, the My2+ concentration in the treatnent solution is |ess than
2.0 g/ L, becthes wvicugprnefirenent tRel yréatwint MiaxH ke hphasphahendi | m
of the product, which results in a decrease of the ratio of Mg to Zn
t hat det epEdeat esvhih cmsudgisonnr ebe stevekkmwiertthe £z imacrphosphat e
film On the other hand, if Me/Ze is nore than 2.5, the M2+
concentrafl@v¥sin the treatnment solution is nmore than 5.0 g/L, the
ratio of My to Zn in the phosphate filmof the product is out of the
appropriate ranifeCPafgtt RE BlaciRyrHg o dsi §LarEevétlet aenothpd for
phosphate fil m deteriorates. In addition to the above-descri bed
Rondi t | on@2KERE BIRRGARRCS o FE8RHEA TabTaRIA5 ricrdr BB EhaRLEn
.tenperature,of from3Q to0.70C and a.pH of. from1.0 to,2.5,. The
Fencons. | BE-ORRSUY igsl sFERRL PG, Ppia e fThoRehBe g Bupn, fena
condi tiong, ¥ di i V, [-N p t nt
sol ution, é\/\%}%ﬁp@%ﬁ?&lﬁeﬁfg E’%tx?’%h;%%i o%éeoéf:L t%%%ﬁg%%%ggﬁcgﬁ%%gﬁ%ﬁ in
the sol utE8prosion rRGQMENte BhE phai g t S i | MOT €
“reactive at a liquid tenperature g?&%OC or% hriregsﬁrgr@%%\%ﬁi @ha%a}g Itll']?%t es
qui ck formsthea. of a uniformfilm In addition, when the liquid
tenperature is 70C or lower, etching is rather inhibited and the
phosphat e readiiseldepesi v§, Imbhécthigrmrkedly facilitates the control of
the treatnment tinme. Further, when the pHis 1.0 or nore, etching
rarely occurs fana@sphetf pEntheali¢serdepjogiens ionhishafaethod afes t he
- control of the treatment tinme as described above. In addition, when
t he pH i sm@kBngra [pwsphage-treataenyabwnitgesh siteedt gbeet, including
inventors_al so studied the selection of the anion countering My2+ in
the treat ARRTIRDILENGFPIPRE AAlBNCR sthf eTWifaey o Ai gravenised The
ani on may. be aeCQ%droxi de i,on,  a carbonate iaon, or a sulfate ion, but

My salts OFYEhede d G VRRTESHaPher!l i %t o1SEW GoPPPERhatfen a

chl oride j i sed .the anion,.the My salt has sufficient .

ol ubi | 11 yEatielf” SRR b eBRLEM A FY 8 md ek s o g tissy
phosphat e; t § eatjyeat< spldity Qn gogcur tLy: Wt + AUSE & o 2+
del eterious ef f’ze}gt. On ttk?'e/cidt %er'a ﬁalﬁlgﬂ a %y\?_r‘g{%gi%onn& Flbdg énﬁgxi/&gti ve
effect and 355 | ess IskekyytAgr€neem < reddie okt gorpeRentis: 4han ot her
anions, and thus further inproves the performance of the phosphate
film Accorddingly, the anion is preferably a nitrate ion, and the My
ion source in the treatnent solution is preferably nagnesiumnitrate.
The phosphat e Ttr eabmeakisgl nétlosd use@d phokbRapeesenh ifverdfieranly
preferably a commercial treatnent solution containing a zinc ion, a
phosphat ef¢omgd dnd cotnftectaddi the esakuothl sl d ayeanstuef acandi gx arlpd es

phosphate treatment solution for 3 to 15 seconds.



Accordingly, the inventors focused attention on the etching action of
the free acid, and eagerly studied a nethod for formng a uniform
phosphate fil mthrough short treatnent (about 3 to 15 seconds).

As a result of this, they have found that (i) the increase of the
free acid concentration enhances the etching effect on zinc plating,
and the surface state beconmes nonuniform by the degreasing and
surface conditioning processes conducted as pretreatnent before the
phosphate treatnment, so that an unevens phosphate filmis forned, and
that (ii) the increase of the free acid concentration hinders the
deposi tion of zinc phosphate crystals, so that no phosphate filmis
formed in so i.th short treafnent f.or several seconds.. As a
result of furt n}:t%%zcs\egas g‘ﬁ}s' 9%e§6%a%réesaeinsto PIGRG PRat St RePlosphate-
optim zat | t i f i fity ot a pdity in
2l over T ogR than PR prse PhEBy Hide i AT KRE%apB6
phosphat engkyss ahstidnd Na nzaR ke ee@Ssidbl Nehd¥t Yavdhly WkLEOn &
controlling the etching effect, whereby a uniform phosphate filmis
qui ckly fereBghate fillhedntesnaahdnuoik haphoshher e acikdx Mg < 2.0%
concentration is preferably fromO0.5 to 3.4 in terns of free acidity,
and nore pyehasabdty f rcamating weidh0. ofhe. 2 atal3.acigdify is preferably
from20 to 26, which nust include the described free acidity. - 14 -
The ratio of t¥et fanedhaci dspgct oof hiehd gir@lseacti dinvgnfioreis a method
acidity/total acidity) nmust be 0.020 or nore and | ess than 0.10, and
is nore pEefdpakbing f& cGrO3serbreaped. gafvarigadatsiteeilssheet t han
0.020, the free acid concentration is so |ow that the etching effect
on zinc i sNpHYFLINGAF SEAG 6nIRL¥RRLERY Figteluepssitt akhop Bhesphatie
crystals | s rather hi.ndered ich results in the failure to forma
suffi ci ent PROAPRat® TR itﬁvgaa{“t?o?f?oiﬁ 9 ity Mo P ﬁéepﬁ‘d’éﬁﬁ%ﬁe

treatment _so i t.eri.or , zi nc .and lid ich are
likely ph(o)gp%}g eé)%o‘%ggur? S Si%% alsﬁ:g%}j' i‘“rq%)enre&@cﬁt i R%bg\élp‘% ©i npurity,
deposit ande SLRRRM 12 RS cbheal HENEn SOl L0 b NE: Glher chapd. 1
the concentration is 0.10 or nore, after short treatnent for few
seconds, hhe phosphate of ig/m BrRY1BaYe hdawsy dite dryddie JOoruRLf Or /M +o
surface state of zinc. The termfree acidity 1s determned as

follows: seyvejdal, ditepsRicebteavpbensit i uer ahaamgPndicat-8t are added
to 10 m of the Phosphate treatnment solution, the treatnent solution
is titrat¢dgWWeh*'0. 1sNfeamsti 4 tsoda,s5,artdt bhearatund of thd fteeaustic
soda (m) used for the neutralization is expressed as an absol ute
nunber . |acidetwdie thentetalt heidbtnl imdildi threiagmdetesnilntiomsis

foll ows: several drops of phenol phthalein as the indicator are added
to 10 m Bf0ZheepisFshans Eﬁéﬁtﬁgiﬁl BolQtion, the treatment solution
is titrated with 0.1 N caustic soda, and the anpunt of 0.1 N caustic

soda (nl )BeeeddYr foFe CREGYARLI P4t e i el e8sed - 15 - as an
bsol ut nber . Th - i bed di toi |
xanpl e of { hSeRbBaFERL Sf oA A L SERE=F ROCRE | SRV arths e s

vent | or ST . s dRKe B BB PRie S Y16 Ba: CRPARAR YR

EXAMPLES éiiﬁ’f@(ﬁuicklg ¢al-fefoL) ed &5f¥3n€3@%¢%tggiigﬁe + LPL £ s of

1.0 mmwas subjected t0, as pretreatnent, ectrolytic degreasihg for
30 secondsh@tuse @& rae@ho@@ﬂéi:EYt.@éa@ﬁérdﬁ%dl%t@BnaEBﬁ‘:Eiﬁ@ﬂ? eash 1k
liquid (liquid tenperature: 70C) containing sodiumorthosilicate (60
g/ L), wthostaidlessgsicetumasohhewicatmiertiel edticoden Thees| eghe sheet
was washed with water, inmersed in a 30 g/L sulfuric acid aqueous

sol uti on fdgmrpsidint enpelatvelie: 280G hé arorcesearandenf eatpockEi tige and
then washed with water. The pretreated steel sheet was subjected to
el ect r ogahage Fiury iomedomthe thee ebyn farariwighdngasbeanitzedrimyes, on

and the ratio of the free acidity to the total acidity is



As descri bed above, a gal vani zed | ayer was fornmed on the steel sheet
surface, washed with water, and then subjected to phosphate

treat nent. As pretreatnent before the phosphate treatnent, the
gal vani zed | ayer surface was treated with a surface conditioner
(trade nane "PREPALENE Z", manufactured by N hon Parkerizing Co.,
Ltd.). The gal vani zed | ayer was then sprayed with a phosphate
treatnent solution (a mxture of "PB3312M' manufactured by Ni hon

Par keri zing Co., Ltd. and nmagnesiumauig¢rate) with the spraying tine
varied as appropriate, washed with water, and dried to forma
phosphate film The phosphate treatnment solution had a tenperature of

‘ Sgrcr:paﬁgﬂ \%ngrnglanplzer%’eyAPFsz‘heT?Irea rrentﬁka%d&?‘l oﬁgsggﬁg&e and“altﬁe_an
_amount of Q. 1,19 é?#%éﬂfzed teeIhE 2 %quf %f@hto%b @ggﬁ
an r ta osphate

concentratlon ee aCI Ity an acl In t

treat nent ysgk 4k Q8 vmcp plaldked 18§ Eegi%cJ heTBéeﬁregéﬂlt tyn@é}& it al
acidity in the exanpl es and conparative exanples were varied

control | i Agst bee ceRiiplatshed oh thB3Bi2M emdrrddiingiags. - 17 -

" necessary a sodi um hydroxi de aqueous sol ution, orthophosphoric acid,
and nitric aciThe EheuZnd+recoficend ratésrntvasivearied bydchieagtarsdrhe
initial concentration of "PB3312M', and the My2+ concentrati on was
vari ed byfchahiye ngintehel cedntlémti tefioagnesearh redsemttdal featiThe Mpe
content of the phosphate fil mwas neasured by dissolving the
phosphat edeserilegt |kade.wi t h an ammoni um di chr omat e aqueous sol uti on,
and anal yzing the sol ution by |1CP (inductively-coupled Elasna atom c
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treat ment ;s@bati chfoh . gheoegg@p%eg and conparative exanples,
and the My conten an coat i ng wei ght t he phosphate filmon each
of the phosphatmtvzeatedigal vani zed steel sheets. The

phosphat e-treated gal vani zed steel sheets obtai ned as descri bed above
wer e subj ect ed’hieo gearenliisctiestsel THieeadr iafseitha toeel hsubeistast € grrduct ed
in the exanples are described below. (1) Appearance uniformty - 18
- Thehgustferle sigedardntaeapresenhelptogplvat eatyr bat aBpt was
visual |y observed, and the uniformty after the phosphate treatnent
was evaIu%ﬁ%%PQﬁFQ4u§ﬂ§§§|§h6?tth§°¥o¢$%m#h§ & ihoér dap oaluanizedn
appear ance x:_ ngonuni f or m appearance (2) ystal lization condition
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or absence phos ate crystals._ in the phosphate
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10 x: 10 or nore (3) Cbrrosion resi stance
cr a nickel-zinc alloy-coated steel sheet after blackening

treatment. The steel sheet as the substrate is not

particularly limited as long as it is suitable for use as a
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Corrosion resistance was evaluated as follows: a specinmen (size: 100
x 50 mm) was cut out from each of the phosphate-treated gal vani zed
steel sheets nade above, and - 19 - the edges and back side of the
speci-men were sealed with tape, and then subjected to the salt spray
test according to JIS Z 2371-2000. The top surface of the specinen
was periodically observed, and the tine until the ratio of the white
rust area becane 5%wth reference to the total neasuring area on the
speci nen (white rust formation tine)_mps_neasured, and eval uated on
the basis of the following criteria: 0. 24 hours or nore O: 8 hours
or nore and |less than 24 hours A: 4 hours or nore and |ess than 8
hours X; less than 4 hours (4) Blackening resistance Bl ackeni ng
resi st anc82h&aneied wicsd s5er6) | ald: may shrearanvArdierely160lrcted mm)
was cut out from each of the Bo phat e-treat ed gal vani zed stee
Shoet s maABCEBOVES Thd Ao ERPAPS) LEC yallhe CPRGADACES)SE Phane

speci nen neasur ed _usi ng. a,spectroscopi c. col ar-difference. neter
SP000. (ERLTARE b By N Yo R CERRROREET HilJ (ALeS Tl Scepgayny o
Subsequen - SREGJEN s;al t for. 2 ourszin

const ant %%%péégﬁbre gﬁﬁﬁh3ﬁ?d%?y£g§f%r%€h§f@%%bér5 u?gao?/gﬁc gﬁana
rel ative pyoi dbdyif WA%ncAikeR §pﬁn%ﬁ;9ﬂoﬂebeshf)f?é:&'ﬁq@fcé%ﬁo RGC! men
was neasured in the sane manner, "and the amount of change romthe
initial Lryadseadde i) benaklen. stithdivid,- al kbht ahg Ludede)o e re
calculated and - 20 - evaluated on the basis of ?he fol |l ow ng
criteria:tRanAl0G b/Oi® i3 wadteulA i terfls- 4fXcoht. < Tie (Rt@agting
adhesi on Coati ng adhesi on was eval uated as foll ows: a specinen
(70 x 150wehghinaiss qoatee gpreifenahhy af kgd Trel@fine/badsed pai nt ( DELI CON
#700 manufactured by Dai N ppon Toryo Co., Ltd., dried at 130C for 30
m nutes, fil m{Phioslehess: £28m) 5 gnm) without pretreatment such as
degreasing, incised with a cutter to nmake cross cuts (10 x 10 grid at
interval s of Fhenpalyapizednsisem} ethasd h@sEPNCAEehe®XE rens cid a

hei ght of 5 nmm _A piece of cellophane adhesive tape (type C LP-18)
manuf act uFREFEYE 1 ARBER2ES. ?lh‘d?c’%lr&fnfq Yed %t gyt ReSEr 85 sShYte Ak
after the i chs t.rusi on, _an ightly contacted thereo s a
spat ul a. ]I'%éeér e%f%{e]rz,e'%fh 7t gﬁgsv\ﬁg I%%’nn‘-i‘/%cﬁ Cé’r?&lf’ﬁewgbgﬁl[' n%Pr@sé gigfél
rate was gegsgyed and eval uated on the basis of the follow ng
criteria: 0: 100% A: 90% or nore and | ess than 100%

The phosphate film is formed mainly for improving the

adhesion between the galvanized layer and coating, and more
preferably improves corrosion resistance as well as the
adhesion. The Mg content of the phosphate film is
preferably 0.2% by mass or more and less than 2.0% by mass.
When the content is 0.2% by mass or more, sufficient
corrosion resistance is achieved, and when the content is
less than 2.0% by mass, excellent blackening resistance is
achieved. The Mg content is more preferably from 0.5 to
1.0% by mass. The phosphate film may contain unavoidable
impurities such as Ni, Mn, and Co within a range of 0.01 to

0.4% by mass.



x: less than 90% Table 1 shows the results of the eval uation

results

in the above tests. These results indicate that the

phosphate-treated - 21 - gal vani zed steel sheets of Exanples 1 to 16
had favorabl e appearance uniformty, crystallization condition,

" corrosion resistance, blackening resistance, and coating adhesion,
and that the quickly fornmed phosphate filns al so had sufficient
performance. -22- g8 -al at
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The coating weight of the phosphate film is preferably
from 0.2 to 3.0 g/m?’. When the coating weight is 0.2 g/m° or
more, suffigient corrosion resistance is achieved, and when
the coating weight is 3.0 g/m® or less, coarsening of the
phosphate crystals in the phosphate film is rather inhibited,
which results in the improvement of the coating adhesion.

The phosphate film is formed by contacting the surface
of the galvanized layer with the below-described phosphate
treatment soluticon. The contact method is not particularly
limited, and may be an ordinary méthod such as spraying or
immersion.

The treatment time with the phosphate treatment
solution is preferably from 3 to 15 seconds. When the
treatment time is 3 seconds or more, the phosphate film is
réadily formed, and when the treatment time is 15 seconds or
less, etching by the phosphate treatment solution is rather
inhibited, which facilitates the formation of a mbre uniferm
phosphate film.

Before the formation of the phosphate film, it is
preferable that the galvanized layer be subjected to surface
conditioning treatment using a colloidal titanium active
treatment agent. Examples of the ceolleidal titanium active
treatment agent include "PREPALENE ZN" manufactured by Nihon
Parkerizing Co., Ltd. The surface conditioning treaztment

may be carried out by spraying the treatment agent on the
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surface of the gaivanized layer.

The method of the present invention for making a
phosphate-treated galvanized steel sheet includes forming a
phosphate film on the surface of a galvanized layer of a
galvanized steel sheet using a phosphate treatment solution
containing Zn®" and Mg®* so as to satisfy 2.0 < zn* < 5.0 g/L,
2.0 < Mg** £ 5.0 g/1L, and 0.4 € Mg**/zn®" < 2.5, and
satisfying 0.020 £ free acidity/total acidity < 0.10. In the
present description, the liter unit is expressed as "L".

2.0 < zn** £ 5.0 g/L

zn** is an essential component for forming phosphate
crystals, so that the Zn®" concentration in the prhosphate
treatment solution must be more than 2.0 g/L and 5.0 g/L or
less, and is more preferably from 3.0 to 5.0 g/L. If the
concentration is 2.0 g/L or less, the phosphate
insufficiently deposits, which results in the formation of a
nonuniform phosphate film locally devoid of phosphate
crystals, and if more than 5.0 g/L, the phosphate crystals -
are coarsened, which results in the failure to achieve
sufficient corrosion resistance of the phosphate film.

2.0 £ Mg®* £ 5.0 g/L

Mg®* is an essential component for improving the
corrosion resistance of the phosphate film, so that the Mg*”
concentration in the phosphate treatment solution must be

from 2.0 to 5.0 g/L, and 1s more preferably from 2.5 to 5.0
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g/L. If the concentration is less than 2.0 g/L, inclusion
of the magnesium component is so low that the corrosion
resistance of the zinc phosphate film deteriorates, and if
more than 5.0 g/L, the content of the magnesium components
is so high that the blackening resistance of the zinc
phosphate film deteriorates. The Mg?" concentration varies
depending on the concentration ratio of Mg®* to zn?*
(Mg**/zZn**) in the below-described phosphate aqueous solution,
so that the Mg?* concentration must be adjusfed within an
appropriate range of Mg?'/zn*'.

0.4 < Mg*/zn** £ 2.5

In order to form a phosphate film containing an
appropriate amount of Mg, in the present invention, the
concentration ratio of the magnesium ion to the zinc ion in
the phosphate treatment solution (Mg”VZn“J is defined as
from 0.4 to 2.5, and more preferably from 0.8 to 1.2. If
Mg?*/Zn?* is less than 0.4, the Mg®* concentration in the
treatment solution is less than 2.0 ¢g/L, so that Zn is
preferentially taken into the phosphate film of the product,
which results in a decrease of the ratio of Mg to Zn that
deteriorates the corrcosion resistance of.the zinc phosphate
film. On the other hand, if Mg?*/Zn?' is more than 2.5, the
Mg”’concentration in the treatment solution is more than 5.0
g/L, the ratio of Mg to Zn in the phosphate film of the

product is out of the appropriate range, and the blackening
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resistance of the zinc phosphate film deteriorates.

In addition to the above-described conditions, the
phosphate treatment solution preferably has a temperature of
from 30 to 70°C, and a pH of from 1.0 to 2.5. The reasons
for these ranges are as follows.

Firstly, under the conditions, the Mg salt readily
dissolves in the phosphate treatment solution, which
facilitates optimization of the Mg?' concentration in the
solution.

Secondly, the phosphate treatment solution is more
reactive at a liquid temperature of 30°C or higher, which
facilitates quick formation of a uniform film. In addition,
when the liguid temperature is 70°C or lower, etching is
rather inhibited and the phosphate readily deposits, which
‘markedly facilitates the contrel of the treatment time.
Further, when the pH is 1.0 or more, etching rarely occcurs
and the film readily deposits, which facilitates the control
of the treatment time as described above. In addition, when
the pH is 2.5 or less, the treatment solution is stable.

The inventors also studied the selection of the anion
countering Mg®* in the treatment solution. The anion is
preferably a nitrate ion. The anion may be a hydroxide ion,
a carbonate ion, or a sulfate ion, but Mg salts of these
ions have rather inferior solubility. When a chloride ion

is used as the anion, the Mg salt has sufficient solubility,
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but chlorine ions may be included in the phosphate treatment
solution concurrently with Mg2+ to cause a deleterious effect.
On the other hand, a nitrate ion has an oxidative effect and
is less likely to remain in the film components than other
anions, and thus further improves the perfcrmance of the
phosphate film. Accordingly, the anion is preferably a
nitrate ion, and the Mg ion source in the treatment solution
is preferably magnésium nitrate. The phosphate treatment
solution used in the present invention is preferably a
commercial treatment solution centaining a zinc ion, a
phosphafe ion, and other additives such as a promoter, and
examples of the treatment solution include "PB3312M" {trade
name} manufactured by Nihon Parkerizing Co., Ltd. mixed
with a specified amount o¢f the nitrate ion.

0.020 £ free acidity/total acidity < 0.10

The phosphate film is formed as follows: the pH at the
solid-liquid interface of the treatment solution is
increased by the etching acticn of the free orthophosphoric
acid (free acid) in the treatment sclution on the plated
surface, and the concentration equilibrium between zinc
dihydrogenphcsphate (Zn(H>P04)2) and orthophosphoric acid
(H3PO4) in the treatment solution changes, so that the zinc
dihydrogenphosphate deposits as zinc phosphate crystals
containing magnesium. Accordingly, in the formation of the

phosphate film, the free acid plays a very important role.
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Accordingly, the inventors focused attention on the etching
action of the free acid, and eagerly studied a method for
forming a uniform phosphate film through shert treatment
(about 3 to 15 seconds).

As a result of this, they have found that (i) the
increase of the free acid concentration enhances the etching
effect on zinc'plating, and the surface state becomes
nonuniform by the degreasing and surface conditioning
processes conducted as pretreatment before the phosphate
treatment, so that an uneven phosphate film is formed, and
that (ii) the increase of the free acid concentration
hinders the depeosition of zinc phosphate-crystals, so that
no phosphate film is formed in some areas with short
treatment for several seconds. As a result of fﬁrther
research, they have also found that the optimization of the
ratio of the free acidity to the total acidity in a lower
range than in the prior art allows the deposition of
phosphate crystals on the same level as in the prior art
while controlling the etching effect, whereby a uniform
phosphate film is gquickly formed.

The free acid (orthophospheric acid) concentration is
preferably from 0.5 to 3.4 in terms of free acidi£y, and
more preferably from 1.0 to 3.0. The total acidity is
preferably from 20 to 26, which must include the described

free acidity.
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The ratic of the free acidity to the total acidity
(free acidity/total acidity) must be 0.020 or more and less
than 0.10, and is more preferably from 0.035 to 0.0%86. If
the ratio is less than 0.020, the free acid concentration is
so low that the etching effect on zinc is poor, and reaction
necessary for deposition of phosphate crystals is rather
hindered, which results in the failure to form a sufficient
phosphate film. In addition, stability of the phosphate
treatment solution deteriorates, and zinc and solids, which
are likely phosphate compounds containing iron occurring as
an impurity, deposit and disperse in the treatment solution.
On the other hand, if the concentration is 0.10 or more,
after short treatment for few seconds, the phosphate film
may have flaws due to the nonuniform surface state of zinc.

The term free.acidity is determined as follows: several
drops of bromophenol blue as an indicator are added to 10 ml
of the phosphate treatment solution, the treatment sclution
is titrated with 0.1 N caustic soda, and the amount of 0.1 N
caustic soda (ml) used for the neutralization 1s expressed
as an absolute number. In the same manner, the total
acidity is determined as follows: several drops of
phenolphthalein as the indicator are added to 10 ml of the
phosphate treatment solution, the treatment sclution is
titrated with 0.1 N caustic soda, and the amount of 0.1 N

caustic soda (ml) used for the neutralization is expressed
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as an absolute number.
The above-described embodiment is only an example of
the embodiments of the present invention, and various

modifications thereof may be made.

Examples

Examples of the present invention are described below.

(El;(AMPLES 1 to 16 and COMPARATIVE EXAMPLES 1 to 9)

A cold rolled steel sheet having a thickness of 1.0 mm
was subjected to, as pretreatment, electrolytic degreasing
for 30 seconds at a current density of 5A/dm® in an alkali
degreasing liguid (liquid temperature: 70°C) containing
sodium orthosilicate (60 g/L), with stainless steel as the
counter electrode. The steel sheet was washed with water,
immersed in a 30 g/L sulfuric acid agqueous solution {ligquid
temperature: 30°C) for 5 seconds for pickling, and then
washed with water. The pretreated steel sheet was subjected
to electrogalvanizing treatment thereby forming a galvanized
layer on one side of the steel sheet at a coating weight of
20 g/m?. For the electrogalvanizing treatment, a galvanizing
bath filled with a zinc plating solution containing 440 g/L
of zinc sulfate heptahydrate was used. The pH of the zinc
plating solution was adjusted to 11.5 with sulfuric acid.
The temperature of the galvanizing bath was 50°C. In the

electrogalvanizing bath, the counter electrode was iridium
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oxide-coated Ti plate electrode, which was disposed in
parallel with the test plate at a distance of 10 mm. A
current was passed at a current density of 70A/dm® with the
plating solution circulated between the electrodes at a flow
rate of 1.5 m/s.

As described above, a galvanized layer was formed cn
the steel sheet surface, washed with watér, and then
subjected to phosphate treatment.

As pretreatment before the phosphate treatment, the
galvanized layer surface was treated with a surface
conditioner (trade name "PREPALENE Z", manufactured by Nihon
Parkerizing Co., Ltd.). The galvanized layer was then
sprayed with a phosphate treatment solution (a mixture of
"PB3312M" manufactured by Nihon Parkerizing Co., Ltd. and
magnesium nitrate) with the spraying time varied as
appropriate, washed with water, and dried to form a
phosphate film. The phosphate treatment solution had a
temperature of 60°C, and a pH of 2.1 to 2.7, which differed
among examples and comparative examples. All the treatment
solutions contained Ni in an amount of 0.1 to 0.4 g/L.

The zn** concentration, Mg?* concentration, and free
acidity and total acidity in the phosphate treatment
solution were varied as follows. The free acidity and total
acidity in the examples and comparative examples were varied

by controlling the concentration of "PB3312M" and adding as
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necessary a sodium hydroxide aguecus solution,
orthophosphoric acid, and nitric acid. The zZn*"
concentration was varied by changing the initial
concentration of "PB3312M", and the Mgm'concentration was
varied by changing the content of magnesium nitrate.

The Mg content of the phosphate film was measured by
dissolving the phosphate treated layer with an ammonium
dichromate aqueous solution, and analyzing the solution by
ICP {inductively-coupled plasma atomic emission
spectrometry). The phosphate film coating weight was varied
by changing the period of contact with the phosphate
treatment solution. The phosphate film ccating weight was
measured by a gravimetric method using a solution of the
film dissolved with an ammonium dichromate agueous solution.

Table 1 lists the Zn®* concentration, Mg®' concentration,
Mg®*/2n®* ratio, free acidity, total acidity, and free
acidity/total acidity ratic in the phosphate treatment
solution in each of the examples and comparative examples,
and the Mg content and coating weight of the phosphate film
‘on each of the phosphate-treated galvanized steel sheets.

The phosphate-treated galvanized steel sheets cbtained
as described above were subjected to various tests. The
criteria for the tests conducted in the examples are
described below.

{1) Appearance uniformity
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The surface appearance after the phosphate treatment
was visually observed, and the uniformity after the
phosphate treatment was evaluated on the basis-of the
following criteria:

O: uniform appearance

x: nonuniform appearance

{(2) Crystal;ization condition

Crystallization condition was evaluated on the basis of
the presencé or absence of local vacancies of phosphate
crystals in the phosphate film observed with SEM. Randomly
chosen ten areas (100 pm X 100 pm} in the central wvisual
field on the 150 x 70 mm® specimen excluding the fringe areas
of 20 mm from the edge of the specimen were observed with an
electron microscope at a magnification of 1000, and the
number of points having no phosphate crystal with a diameter
of 20 um was counted in each area. The average number of
the points having no phosphate crystal counted in the ten
areas was evaluated on the basis of the following criteria:

O: less than 3

A: 3 or more and less than 10

x: 10 or more

{3) Corrosion resistance

Corrosion resistance was evaluated as follows: a
specimen (size: 100 x 50 mm) was cut out from each of the

phosphate-treated galvanized steel sheets made above, and
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the edges and back side of the specimen were sealed with
tape, and then subjected to the salt spray test according to
JIS Z 2371-2000. The top surface of the specimen was
pericdically observed, and the time until the ratio of the
white rust area became 5% with reference tc the total
measuring area on the specimen (white rust formation time)
was measured, and eyaluated'on the basis of the following
criteria:

®: 24 hours or more

O: 8 hours or more and less than 24 hours

A: 4 hours or more and less than 8 hours

x: less than 4 hours

(4) Blackening resistance

Blackening resistance was evaluated as follows: a
specimen (size: 100 x 50 mm) was cut out from each of the
phosphate~treated galvanized steel sheets made above, and
the initial L value (lightness) of the specimen was measured
using a spectroécopic color~difference meter SQ2000
(manufactured by Nippon Denshoku Industries Co., Ltd.).
Subsequently, the specimen was allowed to stand for 24 hours
in a constant temperature and humidity bath at a temperature
of 80°C and a relative humidity of 95%. After standing, the
L value of the specimen was measured in the same manner, and
the amount of change AL from the initial L value (L value

after standing - initial L wvalue) was calculated and
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evaluated on the basis of the following criteria:

®©: AL 2 -1

O: -1 > AL 2 -2

A: -2 > AL 2 -4

x: AL < -4

{5) Coating adhesion

Coating adhesion was evaluated as follows: a specimen
(70 x 150 mm) was coated with an alkyd melamine-based paint
(DELICON #700 manufactured by Dai Nippon Toryo Co., Ltd.,
dried at 130°C for 30 minutes, film thickness: 28 * 5 pm)
without pretreatment such as degreasing, incised with a
cutter to make cross cuts (10 x 10 grid at intervals of 1
mm), and then subjected to Erichsen extrusion at a height of
5 mm. A piece of cellophane adhesive tape {(type C LP-18)
manufactured by Nichiban Co., Ltd. was affixed to the
crosscut area after the Erichsen extrusion, and tightly
contacted thefeon using a spatula. Thereafter, the tape was
removed, and the coating residual rate was measured and
evaluated on the basis of the feollowing criteria:

O: 100%

A: 90% or more and less than 100%

x: less than 90%

Table 1 shows the results of the evaluation results in
the above tests.

These results indicate that the phosphate-treated
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galvanized steel sheets of Examples 1 to 16 had favorable

appearance uniformity, crystallization condition, corrosion

resistance, blackening resistance, and coating adhesion, and
" that the quickly formed phosphate films also had sufficient

performance.



It LT

IC 8'1.

-29-

v O o] x Lz zz 05k | 9600} OEC Zz S6'Z 9 (4 & ajdwex3 eAjeIEdwo)
o] @ ® x 9L 2'0 0'oe arlLe 0'62 £y 180 9e ZE g ejdwexg saziedwio)
v O v x 8’ 80 ose G400 0'8e (A £9°0 Ze L' L spiwexs sAgesedwo)
v o] o X L2 61 GoL 9500 0'ee 2e 8z 25 v d 9 apliexy sapeuedwo)
v o] x % 6} S0 o6l 6100 09z S0 S6°0 x4 L'e § sidwexg aapeiedwog
O o] % o] o] 81 20 S0k S60°0 0zz L'z €00 1o 4 ¥ apdwex3 aapeuedwag
o O v * o 6L 60 'y LZV0 oze A 140 ¥ I'e £ aidwex3 aapeiedwon
v o v ® X 81 [ 20t 6210 o've L'E 20t s L'g T adwexy asgeiediwod
v v ® v x 8’0 80 6'¢ §90°0 002 £l 62°1 gz gL } adwexg sareledwod
(o) O O v o gl 60 gz 600 102 6l el 'y I'E g1 adwexs
v A% ® o] 0 a9z 60 00 G600 L'02 6't 4% (4 1'E S adwexg
O v ® O O Sz 60 0'gL 600 02 6’1 (458 L'y L'E 1 o|dwexgy
O o] &} o} O Z't 6l o€ 1600 0eg |4 S6°L v¥ 14 £} 8dwexg
O O ® o} o 6 £ 8t 960°0 0's2 S'¢ el £E gz zl aduecy
O ® O 0 O gl €0 ot 880°0 0’52 2 L¥Q x4 St L sidwaxz
O o} @ o O 6L gL ¥ 2600 0've 4 S¥'L g’y L'E 0} adwexs
O @ o] O O 91 g0 4 SEQ0 0’9z 80 ZL'l 8 gz & sjdwexgy
0] Q 0] O o] L1 b 4] 160'0 0'eZ L'z 0g5'L Sy 13 2 adwexg
O O] 0] e O 6°) 60 ol 9600 0'se ¥ 080 9'€ Gy Leduwex3
o] @ @ o] O (A4 60 'L 160°0 €9 ¥ 080 14 SE 9 aduwexy
o] ® ® O o] gl 90 S0l ¥#80°0 1'5¢ |4 S50 14 I'E § axdwexy
o ® ® O o] L 20 €S 290°0 1y ¥4 £l 0480 ¥ 0e y adwexs
o [C] ® O o] g8l 60 ar S60'0 1L'02Z 6L 4" 4 L'E € edwexg
(o] ® ® o] O 6L 60 44 £40°0 2’02 gL 160 oe £ Z odwexg
O 0] ® O O 'l 80 &y S60°0 02z L2 140 G2 5t 1 eidwexg
{uonenesqo () | (spssEW) ( .»_mﬂ.o_u._.w OlES UONBIILINGD (1.8) (1.8)
uo|saype Fougsisal Was) PUBSaE) P
Bupeon vososion | uonpuss abeiancy [wsiuoo By Em_w—__“_MEF a1 Kpppe 0] | Auproe sary N2 G0N [vopenuecuos | A | uonespacuen | uz
vonezieisdio wit ajeydsolg voynjos wawean SieLdsoyd ONEeL

e

LT 1.7 Test No. Exanple 1 Exanple 2 1

uonenuaouon 4,u2 CT WE OT 917 STITITEW St W IC |

ZT 1.7

| 9lgel




9 Onen L el dunmx9 geld Wx g atiltuers exltuex aM vexa Exanmple 9 |
Exanpl e 10 Exanple 11 Exanple 12 Exanple 13 Exanple 14 Exanple 15 91"
War ne Conparative Exanple 1 | 1 Conparative Exanple 2 Conparative
Exanpl e 3 Conparative Exanple 4 | Conparative Exanple 5 |

| Conpar ati ve Exanple 6 Conparative Exanple 7 Conparative Exanple 8
Conparative Exanmple 9 1 - 23 -

- 23 -

Industrial Applicability
According to the making method of the present inventicn,

a uniform phosphate film is quickly formed, and thus a

- phosphate-treated galvanized steel sheet superior to known
anticorrosive coated steel materials in corrosion resistance
and blackening resistance is obtained. The phosphate-
treated galvanized steel sheet is widely useful as a steel
substrate to be ccated for builéing and home appliance

applications, and thus markedly contributes to the industry.



| ndustrial Applicability According to the naking nethod of the
present invention, a uniform phosphate filmis quickly forned, and

t hus a phosphate-treated gal vani zed steel sheet superior to known
anticorrosive coated steel materials in corrosion resistance and

bl ackeni ng resi stance i s obtained. The phosphate-treated gal vani zed
steel sheet is widely useful as a steel substrate to be coated for
bui I di ng and hone appliance applications, and thus markedly
contributes to the industry. - 24 -  GLALMS 1. A nethod for
maki ng a phosphate-treated gal vani zed steel sheet, conprising formng
a phosphate filmon the surface of a gal vani zed | ayer of a gal vani zed
steel sheet using a phosphate treatnent solutlon cont ai ni ng 2n2+ and
My2+ so as to satlsfy 2.0 < Zn2+5. chﬁﬂ 2. 0N©2+ 5 5.0 ¢/L, and

0100 M P B kP S%% STt ’s%%%%%qegaéh et
“fil f th
homoha: b3 ES, et ?{ﬂ. {4° YA 2Bl SYAROgIRD he
phosphateshwg&@doﬂaa vgaamv%%qz%he%yéye&% ye&ael@ﬁ%z@% @%b@gﬁﬁsé od of

claim1 or 2, the galvani zed steel "sheet having thereon a phosphate
filmcontaknh§da I\Q;dgpmeamattmeﬁtosab@tfoi KRt @S zat* aneoaiLFng

wei ght of 0.2 to 3.0 g/nR
so as to satlsfy 2.0 < 2n% < 5.0 g/L, 2.0 € Mg®* € 5.0 g/L,
and 0.4 < Mg®/zn** £ 2.5, and satisfying 0.020 < free
acidity/total acidity < 0.10. |
2. The making method of claim 1, wherein the phosphate
film is formed by contacting the galvanized layer surface
with the phosphate treatment sclution for 3 to 15 secconds.
3. A phosphate-treated galvanized steel sheet made by
the making method of claim 1 or 2, the galvanized steel
sheet having therecon a phosphate film containing Mg in an

amount of 0.2 £ Mg < 2.0% by mass at a coating weight of 0.2

to 3.0 g/m?.



