SURFACE TREATED GALVANI ZED STEEL SHEET EXCELLENT I N RESI STANCE TO TAPE
PEELI NG  MANUFACTURI NG METHOD THEREOF AND SURFACE TREATI NG AGENT BACKGROUND
OF THE INVENTION 1. Field of the Invention The present invention concerns a
gal vani zed steel sheet applied with surface treatnent and, nore in
particular, it relates to a galvanized steel sheet formed with a surface
treatnent | ayer excellent in the resistance to tape peeling and further
excellent in the resistance to tape peeling after alkali degreasing, a
manuf acturi ng nmethod thereof and a surface treating agent used for the
surface treatnent. 2. Description of the Prior Art As steel sheets used for
hone el ectric appli arBIREACEHHTREATED GRLYANBIBD STEEUISHMEIT | es, gal vani zed
steel sheets have been used generally with a viewpoint of corrosion
resi-stance. However EXIBICENA 10 REPESPRECE NTO VIRRE PREA.TaIGoNe 1 S
insufficient, for attaining corrosion resistance (white rust resistance)
and difficult to ensure atiBIFAQTARING MOEHOIMJIHERENDH al s in a case of use as
prinmer coating, a phosphate treatnent or chromate treatnent has been
applied as a counterneasuralD YHRFACE hERPADREhHAGENT eat nent applied as the
prinmer treatnment can inprove the adhesion with the coating |ayer
considerably, it lacks in versatility since the effect of suppressing the
white rust is poor only by the -1 phosphate treatnent. Meanwhile, while the
chromat e treat nent has excCBACKGROUNIDIOR HEEeINFENTOONSuppressi ng white rust,
adhesion with the coating layer is insufficient in the state as it is
treated. 1ThEneldnobriee Irvenipoove t he adhesion and al so provide functions
such as high corrosion resistance, finger print resistance and lubricity,
mul ti-function piedpseseatpingentipr hcenderds landedyenngsdoftadbushaetn on

chromate treated
applied with surface treatment and, more in particular, it

relates to a galvanized steel sheet formed with a surface
treatment layer excellent in the resistance to tape peeling
and further excellent in the resistance to tape peeling after
alkali degreasing, a manufacturing method thereof and a
surface treating agent used for the surface treatment.
2. Description of the Prior Art

As steel sheets used for home electric appliances,
building materials and automcbiles, galvanized steel sheets
have been used generally with a viewpoint of corrosicon
resistance. However, since zinc-type plating when used alone
is insufficient, for attaining corrosion resistance (white
rust resistance) and difficult to ensure adhesion with
coating materials in a case of use as primer coating, a
phosphate treatment or chromate treatment has been applied as
a countermeasure. While the phosphate treatment applied as
the primer treatment can improve the adhesion with the
coating layer considerably, it lacks in versatility since the

effect of suppressing the white rust is poor only by the



| ayers have been devel oped and used generally mainly in honme electric
appl i ances manufacturers. However, since the chronmate treatnent uses noxi ous
hexa-val ent chromum it involves a problem of causing public pollution and
the chromate treatment has tended to be avoided for circunvented along with
the increasing demand for environnental protection. Then, a great deal of
surface treatnents not using the chromate treatnent (non-chromate nethod)
have been proposed and put to practical use. For exanple, JP-A No. 8-325760
di scl oses a surface treating agent for use in zinc-containing netal plated

steel sheabspsbnRe ar8h¥méneonposition of an aqueous resin and a polyhydric
phenol carboxylic acid and a surface treated steel sheet of excellent

corrosion resi stigraHiardrediiin g ahe chsahaty tireatimeeat hag ageat 1katnet al
pl ated surfaces. However, since the zinc plated |layer is coated directly

with an @obgamhe kayectwbil suppiddding whetehrosa) eadliesideritm tHy s
techni que, the adhesion of the coating layer is not sufficient. Further,
whi | e al kabiatdegr tagengis sisontificdiatht Anf ¢hesgthdeecas rent g walatani.zed st eel
sheets for cleaning the surface by renoving oils coated the surface during
pressi ng Taent hénl bkéei ntentihpupfortHampdbestient anf 4 heo geifwsiden of the
coating layer, it involves a problemof deteriorating the corrosion
r esi st anc&uattéonthsuahkas i higlgreasiasjonAseain st apcey efianderf grrisuch probl ens,
JP- A No. 2000- 144448 discloses an organic nmaterial coated steel sheet
formed by resasitagcanandgaubrid iy mdttiaifonogioonpeodhangepplsidd ca on a
gal vani zed steel sheet directly or by way of a priner treatnent |ayer such
as |ithiumighl thahefdimpbosphade off radatued 1l pyeont dier@iyte Myeatieny t he
corrosion resistance, the corrosion resistance after alkali degreasing, and
the adhediagrrefhaie beeatidevegrad ahgr used, géPeralby MROOO-V1444hondi scl oses
a surface treated steel sheet of excellent corrosion resistance forned
electric appliances manufacturers.

However, since the chromate treatment uses noxious
hexa-valent chromium, it involves a problem of causing public
pellution and the chromate treatment has tended to be avoided
for circumvented along with the increasing demand for
environmental protection. Then, a great deal of surface
treatments not using the chromate treatment (non-chromate
method) have been proposed and put to practical use.

For example, JP-A No. 8-325760 discloses a surface
treating agent for use in zinc-containing metal plated steel
sheet using a mixed composition of an aqueous resin and a
polyhydric phenol carboxylic acid and a surface treated steel
sheet of excellent corrosion resistance formed by roll
coating the treating agent to metal plated surfaces. However,
since the zinc plated layer is coated directly with an
organic layer while omitting the chromate treatment in this

technique, the adhesion of the coating layer is not

sufficient. Further, while alkali degreasing is conducted



with a chem cal conversion coating |ayer of a predeterm ned thickness,
obt ai ned by applying a treatnent to a gal vanized steel sheet with an acidic
treating solution containing silica or silica sol, a phosphoric acid
conpound, an oxide or a hydroxide of a specified netal at a preferred ratio
and then drying the sanme by heating. However, since pin-holes, etc. are
liable to be forned in the layer in a state coated wth an inorganic
treati ng agent such as silica sol, phosphate or nmetal hydroxide and then
dried and left as it is, a corrosive liquid mght intrude through the

pi n- hol es fupoBurdhkal tréegeeagangmirzddeteekesnakt sorot ¢nsfifnigciteet for
corrosion resistance. In view of the above, in this patent -3 docunent, an
organi c resirfiacayby pemewning gaili @eiteasithe sarfacat@utayepissdiogmed on t he
chemi cal conversion treated layer to inprove the corrosion resistance after
al kali degr ¢asi bgker intkesdiron fr tinprowvehneny bayehe Adizanivr ef IBeA No.
2000- 129460 di scl oses a surface treated steel sheet inproved with corrosion
resi st ancecandngatlagst pniofinvel wemata pgobagrr obydéberniown tzime -thased pl ati ng
as a first layer, an anorphous coating |layer fornmed by coating and drying an
aqueous mceedosbbut resisfarmpaifitaraltéwt alkelial dpgreamsingphosphate and a net al
oxi de sol as a second |ayer, and an organic coating |layer as a third | ayer
t hereby form ndds anlinmprayemettsfoucsuck. pfarldwey,, JPPAANN. 22004- 11645

di scl oses an organic material-coated steel sheet inproved with the

corrosi on14dd4Bstdanckoseheare orrgsgiion megsirdnanceabéd ested kahieedegr easi ng,

and the adhesion of the coating layer by: form ng a conposite oxide |ayer
conpri si ngokmad BY0ophing ciresrgihis ghysphaeptatokndurmh @xchapdedet er m ned
thickness as a first layer on the surface of a galvanized steel sheet; and
form ng t Bédéen, cana grbwnizemisided shapér doTeatpy et Maye@tt Bi ckness
conprising an organic polyner having OH_groups or  COOH groups as a base
resin. primer treatment "layer such as lithium silicate or phosphate

treated layer thereby improving the corrosion resistance, the
corrosion resistance after alkali degreasing, and the
adhesion of the coating layer.

Further, JP-A No. 2000-144444 discloses a surface
treated steel sheet of excellent corrosion resistance formed
with a chemical conversion coating layer of a predetermined
thickness, obtained by applying a treatment to a galvanized
steel sheet with an acidic treating solution contailning
silica or silica sol, a phosphoric acid compound, an oxide or
a hydroxide of a specified metal at a preferred ratio and
then drying the same by heating. However, since pin-holes,
etc. are liable to be formed in the layer in a state coated
with an inorganic treating agent such as silica sol,
phosphate or metal hydroxide and then dried and left as it is,
a corrosive liquid might intrude through the pin-holes upon
alkali degreasing or the like making it insufficient for

corrosion resistance. In view of the above, in this patent



Further, JP-A No. 2003-293151 discloses a non-chromate type surface treated
gal vani zed steel sheet forned with a surface nodified |ayer containing A,
Si, and P each at a predeterm ned ratio, showi ng corrosion resistance
conparable wth that of chromate treated steel sheets. -4 As descri bed
above, various inproved techniques for several subjects have been proposed
in the non-chromate treatnent and various inprovenents for the perfornmance
have been tried. However, according to the recent experience of the
present  inventors, it has becone clear that even the galvanized steel
sheets apgbtcatlent} hah hergaprowedinodayehr orabe dreaiinerionpasdlitee a seri ous
problemthat the resistance to tape peeling is not sufficient. That is, the
surface tséaiedtst baVesheetDomred ohi ppedchenithk «iratersdoinl edehited hoops and
users use them as sheared sheets after uncoiling them In this case,

remai ni nglaegetstoaimprowsetler eccgonetionesesi st ancdya fireaviadikadadl | y securi ng
the end of the coil with an adhesive tape. Further, sheared sheets are

f abri cat edegneas vy prodardtesiageofothparvstbygwhyyerwnf steps such as punching,
oil coating, pressing and al kali degreasing. In this case, adhesive |abels
i ndi cati ng part Meaaunberle, gPzésNogra@ed;123460 aliscdomesi aesunppended on t he
surface of cases or parts for provisional securing. The tape peeling is a
phenonenokireatedt siteebpeheeat |aypaoved whth garvesictedesdstaveei engeel ed
together with the tape fromthe plated surface when the user peels the
adhesi ve adpesépn afihkke vecatdiwl layersbysfareing zigicbesed pAaviad of the
quality of the surface treated steel sheet and m ght cause serious defects
of the prafudt§irghelaygpe FEeldnegrseapcerytoedukaar iforige Bynventi onal
chromate treated type surface treated steel sheets applied wth_the thin
film coat FAaLARIt #ad LPHEINY AferBRAUS- Bijed of el Hgiop afhé Babyes¥plsht

"I nprovenent in the tape peeling”
P metai perarythégﬁiatéJand a metal oxide 50l as a second

layer, and an organic coating layer as a third layer thereby
forming a multilayered structure.

Further, JP-A No. 2001-11645 discloses an organic
material—~coated steel sheet improved with the corrosion
resistance, the corrosion resistance after alkali degreasing,
and the adhesion of the coating layer by: forming a composite
oxide layer comprising fine SiO, particles and a phosphate
compound of a predetermined thickness as a first layer on the
surface of a galvanized steel sheet; and forming thereon, an
organic material layer of a predetermined thickness
comprising an organic polymer having OH groups or COOH groups
as a base resin.

Further, JP-A No. 2003-293151 discloses a non-chromate
type surface treated galvanized steel sheet formed with a
surface modified layer containing Al, Si, and P each at a
predetermined ratio, showing corrosion resistance comparable

with that of chromate treated steel sheets.



for preventing tape peeling has not been recognized so far. By the way, in
the course of the study for the inprovenent of the non-chromate type
gal vani zed steel sheet, conducted by the present inventors, it has becone
clear that the resistance to the tape peeling is good or poor depending on
the case of the non-chromate surface treated steel sheets. Particularly, it
has becone clear that the tape peeling is liable to occur in a case of
storing for a long tine while appending the adhesive tape or |abel on the
surface or in a case of storing high tenperature and high humdity
conditions asswas nipswribee tbawspovhaiows.imkreved ttelvhaibeesemEorr ecogni zed
that "resistance to tape peeling” is one of extrenely inportant product
properti eseveaakyveuhjsche chdte praobpenpotedt apetipeatomgtheratse is scarcely
recogni zed at present, it cannot be aware of the subject of "inprovenent of
t he resi stapatmentt apé yeeeldusy"impraveoehts foe tloeinterfeasures Have
techni ques already disclosed for the non-chromate treated type plated steel
sheets déseni bededboviowaeerst iddcordsdaff toi Ehe aecentasexpemtanere off fact, no
tangi bl e method has yet been devel oped. SUMMARY OF THE | NVENTI ON Under the
ci rcunst aftbesprehenpr exeentaomssentti dvasi becdine ecledr tthatorewshr dimet e surf ace
treated gal vani zed steel sheets and ains at providing a surface treated
gal vani zegalyapékedhaeee bxthedtenteppd iedewi bhi Shanvaxraved agapeel i ng and -6
to tape peeling after alkali degreasing, a manufacturing nethod thereof,
and a sur ﬁﬁé’@mﬁﬁéatirﬁgtw%tlﬂ}@%ﬁ@l af geripes peelkeittihathghsr ocess. An
aspect of the invention solvin%HFhe.problenB above resides in a surface
treated gaPvaftapaestectarhiaciag A§ aet Fehsicienfur face nodified | ayer and
a topcoat |ayer fornmed on. a zinc-based plated |ayer in a galvani zed steel
sheet, wherein tHESdshadtensirfred ta8aret sitttsilnsbersm 3rEoSBEPRYE R of
Si 2 being cogverted as S, f{on1%.5 to 1 ng/nﬁ of P_and

n the state coiled from hoops and users use them as sheared

sheets after uncoiling them. In this case, remaining coils

after use are sometimes stored by provisionally securing the

end of the coil with an adhesive tape. Furtheér, sheared

sheets are fabricated into AV product cases or parts by way

of steps such as punching, o0il coating, pressing and alkali

degreasing. In this case, adhesive labels indicating part

numbers, sizes, grades, etc. are sometimes appended on the

surface of cases or parts for provisional securing. The tape

peeling is a phenomenon that the topcoat layer on the

galvanized surface is peeled together with the tape from the

plated surface when the user peels the adhesive tape or

adhesive label. This is a critical issue in view of the

quality of the surface treated steel sheet and might cause

serious defects of the products.

The tape peeling scarcely occurred in the conventiocnal
chromate treated type surface treated steel sheets applied

with the thin film coating at the upper layer and,



fromO0.4 to 10 ng/n2 of Al. Another aspect of the invention resides in an

Si 2- containing phosphate type surface treating agent which is wuseful for
obtai ning the gal vani zed steel sheet having the excellent resistance to

t ape peeling, wherein the concentration of the solid content is from0.01 to
14.5% (mass% here and hereinafter) and the anmount and the conpositional
ratio (mass ratio) for each of Si, P and Al contained in the treating agent
can satisfy the following conditions: Si: 0.002 - 4.5% P : 0.0005 - 1.5%
Al: 0.0001 - 0.5%1.5 < Si/P 60, 4.5S Si/A <_ 230 An aspect of the

i nventi onateskdergly, atlietdhash «aft orafiliped wendig drsuhka¢apkr pakddngal vani zed

steel sheet which conprises formng a surface treating agent |ayer on the
surface offca pabventieg wimelpatdety bsisngothbesnrfeamsynizad eat ifiag .agent
whi ch satisfies the conditions described above, applying water rinsing
t her eby renovi nBexdeswal, and/ sheAtoufsenef hehes atfualye foredheng agent | ayer
followed by drying to formthe surface nodified |ayer. BRI EF DESCRI PTI ON OF
THE DRAW N@Sreivgment i of aphdadrR ciyematentipe salYarkzarbditfdedd shagsr,  of No.
38 described later. Fig. 2 is an FT-1R spectrumfor surface nodified |ayer
of No. 52cdedurtpddby atlee .pRIent3 igivensosn, FIt | R s dearanendlgars gdiatrm
pol yacryl ate. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The surface
treated giheanpsegtanee|taHd® t@RsoPgicAdgnEolst feod e maash depebgddad on t he
prem se of having a surface nodified |ayer forned by a non-chronate
treati ng agehbe Thge @hlthainay dreaptenspr fage whHieatethes tapleshicessi-s
applied can include steel sheets plated only with zinc, as well as al

Particularly, it has become clear that the tape peeling is

liable to occur in a case of storing for a long time while

appending the adhesive tape or label on the surface or in a

case of storing high temperature and high humidity conditions

assuming marine transportation. Then, it has become

recognized that “resistance to tape peeling” is one of

extremely important product properties.

However, since the problem of “tape peeling” per se is

scarcely recognized at present, it camnot be aware of the

subject of “improvement of the resistance to tape peeling”.

Also for the countermeasure, the techniques already disclosed

for the non-chromate treated type plated steel sheets

described above are still insufficient and, as a matter of

fact, no tangible method has yet been developed.

SUMMARY OF THE INVENTION
Under the circumstances, the present invention is
directed to ncn-chromate surface treated galvanized steel
sheets and aims at providing a surface treated galvanized

steel sheet excellent in the resistances to tape peeling and



other zinc alloy plated steel sheets such as zinc-N, zinc-Fe, zinc-A

pl ated steel sheets. Further, also for the plating nethod, any of nolten
plating nmethod, electric plating nmethod of vapor deposition plating nethod
can be adapted. The invention has a nost promi nent feature in incorporating
from1l to 30 ng/nm2 of Si2 being converted as Si, fromO0.5 to 15 ng/nR2 of P
and fromO0.4 to 10 ng/n2 of Al in the surface nodified |ayer, as a neans
for inmproving "resistance to tape peeling” which is a new subject to be -8
solved raised at first by the present inventors in the field of

non- chromat e gal vani zed steel sheets. "Resistance to tape peeling” in the

i nventi ontpehape seehing peEidngikediistdagreaningota cearsifegrtpeainiong of the
surface treatnment |ayer together with an adhesive | abel or adhesive tape in
a case of napheddtheremt |aalimngutfaret 6reaeingrferce useatledagaltheni zed
steel sheet and then peeling the sane. The degree of the resistance to tape
peel i ng i wandfaébnemng doperelisig on the kind of the adhesive tape used for
the tape peeling test, particularly, the adhesion or the kind of the

sol vent and pl ad¥i @spectc it hrednveet o salving dhespdebdgmnshabovae
greatest reason for the eeling of the topcoat resin |ayer or the surface
modi fi ed FR&}EeSbintdhesy pdalgatgd gajveniped aptect cshant digfing @% and
penetration of the solvent or the plasticizer contained in the adhesive

t hr ough t heastir pater Fayer Mieh figferlayry eRe atoprerat | kuar ffiomed ORer eon as
far as the surface of the zinc-based plated |ayer and accunul ation to the
bondi ng Bo&kBETH2HRA Il a Rk rieNeTe 1BoRdPAGVARE ERGtFEenFRafd t he

resi stance to tape geeling ngy vary cgnsiderabl . dependi ng on_ the kind and
the cont eWPeBRIRhERS FWRIACSH qdri&lﬁlda BYET zepnt AR 4 T RO BGKBsi ve
tape. Howevyer, whil.e the kin nd the bl endin noynt of, fhe. solvent or the
bl st i o1 26 B Bhdei s CORSCATRESABeoto 3 iod PV B Bp ¥ FaySomevhat

vary, 1t i3,gopshagsefh Wighet B8 & .

Another aspect of the invention resides in an SiQ,-
containing phosphate type surface treating agent which is
useful for obtaining the galvanized steel sheet having the
excellent resistance to tape peeling, wherein the
concentration of the solid content is from 0.01 to 14.5%
(mass% here and hereinafter) and the amount and the
compositional ratio {(mass ratio) for each of Si, P and Al
contained in the treating agent can satisfy the following
conditions:

Si: 0.002 - 4.5%

P : 0.0005 - 1.5%

Al: 0.0001 - 0.5%

1.5 £ si/P < 60, 4.5 < Si/Al < 230

An aspect of the invention resides in a method of
manufacturing a surface treated galvanized steel sheet which
comprises forming a surface treating agent layer on the

surface of a galvanized steel sheet using the surface



is no significant difference in the rate of diffusion or penetration
thereof particularly to the Si02 content. Then -9 the resistance to tape
peeling is evaluated in the invention when selecting and using, as typical
exanples, a filament tape "part nunber #9510" nmanufactured by Surion Tech
Co.", and " [Cellophane tape] manufactured by N chiban Co." as prima- facie
evaluation criterion as shown in exanples to the described later. Silica
(Si02) as the main ingredient in the surface nodified |ayer according to
the invention is, for exanple, silicon oxide incorporated therein being
derived ftosatohy cagiait iHicta sartisifiesathe Somdet idres sidscedbdesebobed above
is an inorganic material by nature and has good affinity with the

Zi nc- basedppl aied walyer ,ridemg tthexeber redoviasg aaxasrierH ayely ofroR 1t he t opcoat
| ayer, it provides an effect of enhancing the peeling resistant property
bet ween t fieomi hice Hastatbeltatesdt ingy egeandl aher t Dpclhated dpedryAsghlis been
descri bed above, one of the causes of tape peeling is considered to be

| ower i ng ©brmhehéondi farestagtidgtiled dyehe i nterface or boundary between each
of the layers caused by the novenent of diffusive ingredients such as

sol vent and pl asticizer contained in the adhesive of the adhesive tape or
the like. However, it is considered that silica contained as the main
ingredi ent in the surfaBRIEFRDEIGRIFTIHNe OFoTHENBRAWINGE i on provi des
excellent barrier effect against the solvent and the plasticizer that
diffuse and perfddr-atle ifr 8 FhelRopeestirumyi@r sngfpeevnadsfied ukavenon of
inhibiting intrusion to the zinc plated surface, or inhibiting diffusion at
t he t opcoff Nayed8 siegFreibag fl@der 10 nodi fi ed | ayer boundary. Accordingly,
when a surface treatnment |ayer _incorporated with an appropriate anount of
silica is formedi%hé F8spBt ThceRt Peeperhdan ﬁ&rif§cﬁn’696%ghed otr¥3andi ngl y.

Then, as g,7gsul L, of, L8 stpdy made by the

Fig. 3 shows an FT-IR spectrum for sodium peolyacrylate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The surface treated galvanized steel sheet according to
the invention is based on the premise of having a surface
modified layer formed by a non-chromate treating agent. The
galvanized steel sheet to which the invention is applied can
include steel sheets plated only with zinc, as well as all
other zinc alloy plated steel sheets such as zinc-Ni, zinc-Fe,
zinc-Al plated steel sheets. Further, also for the plating
method, any of molten plating method, electric plating method
of vapor deposition plating method can be adapted.

The invention has a most prominent feature in
incorporating from 1 to 30 mg/m’ of SiO, being converted as Si,
from 0.5 to 15 mg/m’ of P and from 0.4 to 10 mg/m’ of Al in

the surface modified layer, as a means for improving

“resistance to tape peeling” which is a new subject to be



present inventors for the quantitative relation to effectively provide the
effect of silica for inproving the resistance to tape peeling, it was
confirmed that the excellent resistance to tape peeling can be provi ded by
controlling the silica content in the surface treatnment layer wthin a
range from1l to 30 ng/n2 (2.14 to 64.3 ng/n2 of Si2) being converted as
Si. In a case where the silica content is less than 1 ng/n2 being converted
as Si, the function as the barrier layer described above is insufficient
and it is difficult to provide a satisfactory resistance to tape peeling.
Accor di ngkylvédersided atc @ilrent biynthhepsasémic einmbstitidred inay®e fhagdto be 1
ng/ n2 or nore being converted as Si. The lower |imt of the silica content
is, prefevabhyn-chimpat syedvamized pteéerslivet. 5 ng/ nR2. Then, as the
silica-content increases, the function as the barrier layer is enhanced but

as the silica cérbepstanderensepeereedsngtlinh e ingenstianCchckAst ape peel ing
rather tends to lower. That is, it is considered that silica in the
surface tseahnented¢birey nesiptesert odsnaggtaneirag geadfinfg o€ tharticles in a
state where the amount thereof is small but the fine particles nmay becone a
mul ti-| aysueflataniredtiment diears dsgehbennwimht of =lHasdaye Aebedses. Since the
bonding -11 strength is not always strong between each of the fine silica
particle ddyessventare inula icasgy efedprbandtiag i & stevdnat fbemt petheel i ng
force exerts in the direction of peeling the fine silica particle layers in
t he nul ti shajeredtyeaigrhidadivandzatest pet eteeaumichghem eekdyag pbeling for
the fine silica particle |layers. For suppressing the interlayer peeling
caused bysahear Thaclegreeolt kBesarrasbanedi e dplapselidg 46, as nuch as
possi ble, the silica content in the surface nodified |ayer should be
retai ned 86T88reRl erAndidys opeithg kéBAvet t e adhgisiven tapgadeednEre t he
silica content in the , surface nnditief Ifger exc%ﬁps_the upeer |imt val ue,
t he the tape peeling test, particularly, the adhesion or the kind

of the solvent and plasticizer contained therein.

It is considered that the greatest reason for the

peeling of the topcoat resin layer or the surface modified

layer by the tape peeling is attributable to the diffusion

and penetration of the solvent or the plasticizer contained

in the adhesive through the surface modified layer and the

topcoat layer formed thereon as far as the surface of the

zinc-based plated layer and accumulation to the bonding

boundary which lowers the bonding strength, and that the

resistance to tape peeling may vary considerably depending on

the kind and the content of the solvent or the plasticizer

contained in the adhesive tape.

However, while the kind and the klending amount of the
solvent or the plasticizer blended as the adhesive to usual
adhesive tapes may somewhat vary, it is considered that there

is no significant difference in the rate of diffusion or

penetration thereof particularly to the Si0, content. Then



resi stance to tape peeling apparently shows a | owering tendency. Further,
excessive increase in the silica content in the surface nodified |ayer is
al so wasteful with an econom cal point of view, the upper limt is
preferably 15 ng/n2, nore preferably, 10 ng/n2 and, nost preferably 8 ny/nz
bei ng converted as Si in view of the above. In the silica containing surface
nodi fied | ayer of the invention, P and Al are al so contained. In preparing
the surface nodified layer, it is preferred to etch the surface of the

zi nc-based plated | ayer and deposit fine silica particles derived from

col | oi dal tkel reaistande a kepen peleé ingul § aceabfattdre ipr diber lipveoddgbened

pl ated | ayer. The etching ingredient usable hereinis, for exanple, nitric
aci d, suwhenisebed]ndyadrbatsimg, c aactupanal prromphicrs c aadiidamenti s
particularly preferred to use, as the surface nodifying agent, an acidic
aqueous sbhpéi ‘Grardomprbeirng9ah0almanufactsakt, b osurlénh ekeautplds . "phasghat e,
hydr ogen phosphate, phosphite or hydrogen phosphite (hereinafter sinply
referred fdtaélaphanauhap@hmemmdhetuoﬂgobpdwlehuhmnleknhlag pnimadi ent to

whi ch an appropriate anount of colloidal silica is dispersed. Therefore, P
and Al ar éacoat avabipiirn ke itexdrnaas shewack swalgliasd Ucafde. Wen the
acidic aqueous solution containing colloidal silica and the al um num
phosphat e desapdled lateied as the surface treating agent, the surface of

the zinc-based plated |ayer is etched by the acidic aqyeous sol ution,

during which a%ddcti dilPayars (& rade ﬁﬁﬂF?@b@”W&Vér Qnﬁqﬂ f#C€onpr i si ng
Al PO4 or AI?%HPO4)3 which is | .ess _so uble | ess sol uble to er or an

aqueous aPRg fh%ds%ﬂXRq(ﬁﬂCQQQ&ﬁg &Pu ﬁuh? fo<Fhare, for ﬁ&?ﬁﬁ ©to the
surface of he zi nc: ased ate Alunlnu hos te and fine silica
partlclessé eco%oﬂfk)?t%ﬁf %Fgggﬁ?ﬁﬁlVWEﬁﬂQQ1 Flga particles are

e BT, P SIS o
above is an inorganic material by nature and has good
affinity with the zinc-based plated layer, when it is formed
as an underlayer for the topcoat layer, it provides an effect
of enhancing the peeling resistant property between the zinc-
based plated layer and the topcoat layer.l

As has been described above, one of the causes of tape
peeling is considered to be lowering of the bonding strength
at the interface or boundary between each of the layers
caused by the movement of diffusive ingredients such as
solvent and plasticizer contained in the adhesive of the
adhesive tape or the like. However, it is considered that
silica contained as the main ingredient in the surface
modified layer of the invention provides excellent barrier
effect against the solvent and the plasticizer that diffuse
and penetrate from the topcecat layer and provides a function
of inhibiting intrusion to the zinc plated surface, or

inhibiting diffusion at the topcoat layer or the surface
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pl ated | ayer roughened by etching and bonding with the topcoat |ayer forned
on the reaction layer is also dense and strong, so that the resistance to
tape peeling is inproved renmarkably. Further, as will be described | ater,
when an aqueous solution of an organic resin is incorporated to the acidic
aqueous solution, the deposited state of fine silica particles in the
obt ai ned surface nodi fying agent can be nmade stronger. Since the reaction

| ayer in which alum num phosphate -13 mainly conprising |ess soluble Al PO4
or ALI3(HPO4)3 and fine silica particles are conposited and integrated has
nore excabtHeéfifedl kayer riesirsiaance tAraertihegdvr felten nodidndd ayer obtai ned
by using, for exanple, nitric acid as an etching agent, it can provides
excel | ent tpeaftnenantayarl smiorpdmmtadesiithaan eapproppatpeanagtafifer al kal
degreasi ng. However, in a case of formng the silica-containing surface
modi fi ed sliidgern by Geimedt HehalngdimbangRosphbtee cpepbiurgl idedioproygd above as
the etching ingredient, it has been found that the alkali resistance or the
resi st anceutstandingpe. peBiemng af teeresilkapf tegretizdngiads divf tdveent
dependi ng on the content of each of P and Al contained in the surface

nmodi fi ed pageent paventerarfgr the mmengasativeceplaebn Hat the resistance to
tape peeling after_al kali degreasing tends to be |owered as the thickness
of the sueﬁgeétﬁﬁawi@aow@%rth%& &6Esoindlithea EomuPsTVigduiheum
phosphate in _the layer increases. In a case where the surface nodified |ayer
is thin, TSFAgEanfie &Ar¥aRe RARIIM%ed tayaf apafimeedithathdded plated |ayer
are close to iach other, zinc is |eached b%gthe etchin he zi nc-based

pl at ed | af&F© ﬁﬂnF{r?ﬂlfWEPQ§e£ﬁiqﬁ?eaﬁéﬁgl c?%dﬂiéﬁxi'chH Ygas, so that
pH near {hs Bl gec AL LLefl o e close Rethe aite bassg el L ave
|1 0255 SRR X, £ Byl Sl Pl 3o BB 02 A R RofhP of APt TOr
being convérted as Si.
In a case where the silica content is less than 1 mg/m’
being converted as Si, the functioﬁ as the barrier layer
described above is insufficient and it is difficult to
provide a satisfactory resistance to tape peeling.
Accordingly, the silica content in the surface modified layer
has to be 1 mg/m’ or more being converted as Si. The lower
limit of the silica content is, preferably, 2 mg/m’ and, more
preferable 2.5 mg/m’.
Then, as the silica-content increases, the function as
the barrier layer is enhanced but as the silica content
increases excessively, the resistance to tape peeling rather
tends to lower. That is, 1t is considered that silica in the
surface treatment layer is present as agglomerates of fine
particles in a state where the amount thereof is small but

the fine particles may become a multi-layered lamination

state as the amount of silica increases. Since the bonding
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al um num phosphate and fine silica particles are conposited and integrated
to remarkably inprove the resistance to tape -14 peeling and the resistance
to tape peeling after alkali degreasing. However, as the thickness of the
surface nodified |ayer increases, since the surface of the surface

nodi fied | ayer under formation and the zinc-based plated |ayer recede from
each other, the effect of pH along with |eaching of zinc is |l ess exerted
and the atnosphere near the surface of the surface nodified | ayer becones
acidic inherent to the surface treating agent, so that Al12(HPO4) 3 nore

sol ubl e toreagehr {sonet ldlatdves tsdrevbf betwveem eddtaldf dthteadkinet endscho be
formed nore than | ess soluble AIPO4 or Al2 (HPO4) 3. It is considered that
when the patetickel liyer ALz HP@ 8 litsd-payerad liminstreeatsdrtasothe to the
uppernost surface of the surface nodified |layer, since the water soluble

i ngr edi entaps peatbred fdrasmadestsuihatkendilf¢diibn ayferagddmouittier goi ng

al kali attack, and the alkali resistance of the surface nodifying agent is
det eri or afétieaptll i¢re pahiistlandavesst apetheanihigiafavares Kaminagégneasing is
| onered. However, in the invention, stable excellent resistance_ to tape
peel i ng aRtiatesthergle casiase ipserlageafpeel m&kafar theyfdas sgléga be
obt ai ned by defining the thickness of the surface nodified_ |ayer to a

pr edet er nPABE1IEEAGEARNE deffiafi FYPPERESARBURRE f rtwakayest preddadAl in the

| ayer to a predeterm ned range. Accordingly, it is necessary in the

i nvent i onCEBSEBNRY ofhede Tantere of bh?ns‘ér%/%%é“qucﬁﬁ@ 36T PSTn§En2 and

modi 1 ed RayBECh| 4 PP ierbe RALLERNERRECH 109 SU¥ PR 0. 5. my/ 2. or
and o deRRRLFEaR | SreT IRk bPeBebaprRct Al T/ haBFL 1 BT REET of et of
| TP OVi g ERGSEESA SLENGE. € Ol 3PELRECLADTL DY BT ETPEL bl chile soRRgT LT on of

surface modified layer exceeds the upper limit value, the

resistance to tape peeling apparently shows a lowering

tendency. Further, excessive increase in the silica content

in the surface modified layer is also wasteful with an

economical point of view, the upper limit is preferably 15

mg/m?, more preferably, 10 mg/m’ and, most preferably 8 mg/m?’

being converted as Si in view of the above.

In the silica containing surface modified layer of the

invention, P and Al are also contained. 1In preparing the

surface modified layer, it is preferred to etch the surface

of the zinc-based plated layer and deposit fine silica

particles derived from colloidal silica or the like on the

surface of the properly roughened plated layer. The etching

ingredient usable herein is, for example, nitric acid,

sulfuric acid, hydrochloric acid and phosphoric acid. It is

particularly preferred to use, as the surface modifying agent,

an acidic aqueous solution comprising an aluminum salt, for
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sonetime be provided effectively. A nore preferred lower |imt for the
content of Pis 0.6 ng/n2 and a nore preferred lower limt for the content
of Al is 0.5 ng/n2. On the contrary, when the content of P or the content
of Al increases excessively, A (H2PO4)3 of insufficient alkali resistance
is incorporated in the surface nodified | ayer as described above and tends
to be leached fromthe surface nodified |ayer undergoing alkali attack. A
preferred upper limt for the content of Pis 9 ng/nR and, further
preferred wupper limt thereof is 7.2 ng/nR2, and a nost preferred upper
limt is =xappie, Ahpseheteedhuppegen iplidsphartet hphoephiehe of hydrogerB ng/ nL,
a nore preferred upper limt thereof is 6.3 ng/n2 and the nost preferred
upper |i mphaspérigef (heré4idafigénPsimuky herferinedatoase ahemengthe content for
each of Si, P and Al contained in the surface nodified |ayer can satisfy

t he fol | owhegpheltat icompoayl) aas 12)etchifie iSighedien0t¢ WWhich 7arx_ P/ Al < 6
(2),, further excellent resistance to tape peeling and resistance to tape
peel i ng afam@ropitdaite degpnehsthgeehbividaleridicd. ivhdhsSereeds | ess than 0.5,
since the ratio of S 02 in the surface nodified |ayer tends to be

i nsuf fi ci direrefoirgyi Yeppd RhearestEtmiaed ént 4pe peslihent evitieface be - 16

| ownered. On the other hand, when the ratio exceeds 20, since the anmount of
al umi num mislrﬂﬁ-@tdellaé’ernsuffl cient conmpared with the content of silica, the
effect obtained by the I ess soluble AlPO4 or A12(HPO4)3 becones | ess
effective. Wth W%/‘én e dielin W@@Pﬁbé@l%m ccarlﬁrﬁa"rrétrwr erdipédalover
limt for the ratio of Si/P.int rface nodified layer is 1 and a nore
pref er r ed &2 |alnﬁi| Fhiesai‘?améﬁﬁnf CEﬁR EPE"P@PP@dlSu “e‘ii 33 fheis 10. In a

case where P/ inthe.relatio ss t the resistance to
tape peel i §rF8%BBg| Beer d(é%% Sutr SEEchi n?thnEﬁIF?lk&"i‘% WY ed from

the insuffy %} enc% eftched by the acidic aquecus solution, during which

a reaction layer (surface modified layer) mainly comprising
AlPO, or Al,(HPO,), which is less soluble {less soluble to
water or an aqueous alkaline solution) among aluminum
phosphate, is formed to the surface of the zinc-based plated
layer. Aluminum phosphate and fine silica particles are
composited and integrated when the fine silica particles are
deposited and taken into the reaction layer. Further, a
dense reaction layer is formed with respect to the zinc-based
plated layer roughened by etching and bonding with the
topcoat layer formed on the reaction layer is also dense and
strong, so that the resistance to tape peeling is improved
remarkably. Further, as will be described later, when an
aqueous solution of an organic resin is incorporated to the
acidic aqueous solution, the deposited state of fine silica
particles in the obtained surface modifying agent can be made
stronger.

Since the reaction layer in which aluminum phosphate
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t he phosphoric acid. On the other hand, when the ratio increases
excessively exceeding 6, the anount of |ess soluble Al1PO4 or Al2 (HPO4) 3
formed after the etching treatnent decreases making it insufficient for the
formation of the dense reaction |layer and the effect for inproving the
resistance to tape peeling after alkali degreasing is reduced. Accordingly,
it is possible to pronote the formation of |ess soluble alum num phosphate
whil e ensuring an appropriate etching effect, thereby formng a sufficient
anount of the reaction layer by controlling P/Al to 0.7 or nore and 6 or

| ess. A noneEimrefemped sioget ebsnsdlfilote BIAO,I sr1ARHPE, noed @iskerred upper
limt thereof is 4. Si/P or P/Al can be controlled by controlling the

cont ent ofsklida pardiildlest erephospdeiied auid iintgoeditedt haadmotée Al
ingredient in the surface treating agent, or conducting water rinsing upon
form ng t hexcrirferde ahkailfli cdsiganegethamdhe mirdgcansodéfibed nbpexcess
phosphoric acid ingredient or Al ingredient as to be described |ater.
Further, tdktaimamhiby gisigy, Poanexapley tridrigr hgdd msdehi edchay®r can be
recogni zed respectively, for exanple, by fluoro X-ray analysis. Wen P and
Al are i nco¥gdratidd cegchroyidne exeebantyy Herdoraapaat alacaddi then to
incorporation of silica into the surface nodified |ayer and, further, the
rati o for refistainedc srpPeaphebingiatternid kalij degsrprénted Heever,
appropriate range, the resultant surface nodified |layer is nade nore dense
with no piik Hbl@sfede forBinghbhe | kel M combRibiing ahrbaretBedt hipd
performance for the resistance tp tape under dry condition, as well

as the r esta¥e &Y U_ts&ntgaﬁéepéé‘lﬂf‘ﬁbu%f p%%nl‘%oﬂE’@PBQsiiﬁ_@‘?rWﬁq he
vent o, (30,07 gehe LS, m e Lurher bncoLperatedinite suface
the fine sifjoa RALGHRS 52 A8POSLL: Jd Il o che e SHLT 868 IR [48d T ayer
alkali degreasing is different depending on the content of
each of P and Al contained in the surface modified layer.
Particularly, it has been recognized that the resistance to
tape peeling after alkali degreasing tends to be lowered as
the thickness of the surface modified layer increases and the
amount of aluminum phosphate in the layer increases.
In a case where the surface modified layer is thin,
since the surface modified layer and the zinc-based plated
layer are close to each other, zinc is leached by the etching
of the zinc-based plated layver and H' in the treating agent is
reduced into H, gas, so that pH near the surface modified
layer close to the zinc-based plated layer increases and
tends to become alkaline. In an atmosphere where pH
increases greatly, a great deal of AlPO, or Al,(HPO,), are
formed to form a reaction layer in which the less soluble

aluminum phosphate and fine silica particles are composited

and integrated to remarkably improve the resistance to tape
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upon formng the surface nodified |layer, and further inproving the
resi stance to.tape peeling and, further, the resistance to tape peeling
after alkali decreasing. The organic resin has no particular restriction
and can include, for exanple, acrylic resin, nelamne resin, phenolic
resin, epoxy resin, urethane resin, polyester resin, alkyd resin, and
pol yolefin resin which my be used alone or two or nore of them may be used
i n conbination. Anong the organic resins described above, a water -18
soluble organic resin is used preferably and an organic resin constituted
w th an opgedicgaend tlke usesii paartdec Wcatkpe peelénabafteAsaliwelior ganic resin
constituted with the organic acid, a poly-(nmeth)acrylic acid is suitable
and t hosedeigmeahiing. acildwgveanpsardepdhtickhegsorfenherabyfamutral i zed with
a base can be used. As described above, when the surface nodified |ayer is
formed, i moiddfpedf dayed incmtatesheingdenthpl attefatayef e winfjpeen aqueous
acidic solution. Since the organic resin conprising the organic acid as the
consti t uemodifigeddleyer i wndg mormgdtion godubhe akucthrsedquiedies] sol ution
containing such an organic resin is acidic, it is excellent in the
st abi | i t y lavert hecade kbbom i eachwndiery| &hei agfecttpé REialleanaguiddus sol uti on.
The average nolecul ar weight of the poly (nmeth)acrylic acid when used is
pr ef er abl ye2cbanopfndiRe horkesi ererdsry andothpoabrosriiere Haan frée
preferably, 100,000 or nore. The base in_a case of wusing the salt of the
organi c r 8&rhagsneti tiue et ade miedl fdegadryeachaceses i #cidide, imgreatanyl e,
ammoni a or a hydroxide of an alkali metal such_as _sodi um hydroxi de or
pot assi umtoh{lfoRPEEaCRWErE % i9eRte FBAFPREP TR s TEBEeEQeHD I or
exanple, by FT-IR  since ks of FT-IR derived fromthe structure of the
organic r g@i Watest é’i“oﬁ%njdfaetg]a‘? Bif%(ﬁuf&e(gu%,mmk@?%ﬁ 1 ahard gt &S fPdr oxyl
roup. and C o RBANEr QORI Nk s (BGhoTRRER] o AN BRTS! " e Lfie eI stence
considered that when the water soluble Al,(HPO,); is present

in a greater amount to the uppermost surface of the surface
modified layer, since the water soluble ingredient is leached
from the surface modified layer upon undergoing alkali attack,
and the alkali resistance of the surface modifying agent is
deteriorated and the resistance to tape peeling after alkali
degreasing is lowered.

However, in the invention, stable excellent resistance
to tape peeling and resistance to tape peeling after alkali
degreasing can be obtained by defining the thickness of the
surface modified layer to a predetermined range and defining
the amount for each of P and Al in the layer to a
predetermined range. Accordingly, it is necessary in the
invention to control the content of P in a range from 0.5 to
15 mg/m’ and the content of Al in a range of from 4.0 to 10
mg/m’ in the surface modified layer. In a case where the

content of P is less than 0.5 mg/m? or the content of Al is
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resin in the surface nodified | ayer can be recognized. Then, in the
invention, the organic resin is preferably present 19 such that the
absorbance of FT-IR derived fromthe structure of the organic resin is from
0.1 to 15. The absorbance of FT-1R indicates the content of the organic
resinin the surface nodified |layer, and the resistance to tape peeling

and the resistance to tape peeling after alkali degreasing can be inproved
by controlling the absorbance of FT-IR to a determ ned range. The invention
al so includes the surface treating agent wused for formng the surface

nmodi fi ed Layerthdhel stirmigd, eteatngge Gyt diss imsptidéphane agpgeatreati ng
agent in the form of a solution containing fine particles of silica such as
col | oi dal denfecreandion layqyr dfserliesd formedt amdl, sikhaddidtiarhe theol i d
concentration is fromO0.01 to 14.5 mass% and the anmount (nass% hereinafter
sinply reééfeetl 0D Haprgviarmd titise resémpancei bnatapatperl(imasdw ati o) for the
anount of Si, P and Al contained in the treating agent can satisfy the

f ol | owi ngprewatien okt : tist :depaitionjofofipe : spl popParticagws Man 00001 -
0.5%1.5 < Si /P <_60, 4.5 <_ Si/A <_ 230 Wen the solid concentration of

t he surfagemetdaeibr rrgjeided £ifessivhan. 0. B1Mere tprefatingd doWerto form a
surface nodified |ayer of a satisfactory thickness by the treatment for
once and LiBhEnERt e RNt ©f Prds Psbregd¥sang galPRy Prefewredracti cal
On the contrary, if the concentration_is excessively high exceeding 14.5%
sol i ds teh8Wes bEMer RN theoFansenéxaipht, 18t 0t hetgHs /| i i BM®oundary in the

L1010, 2GS0 vt SROATSAO SRS PEA0HCL I ecls, suah g ress [lavs or
or more and 10%600 1888 8h1 PR RISLT! A0 Yindliekdent alkali
resistance 1s incorporated in the surface modified layer as
described above and tends to be leached from the surface
modified layer undergoing alkali attack. A preferred upper
limit for the content of P is 9 mg/m’ and, further preferred
upper limit thereof is 7.2 mg/m’, and a most preferred upper
- limit is 5 mg/m®. A preferred upper limit for the content of
Al is 8 mg/m®, a more preferred upper limit thereof is 6.3
mg/m’ and the most preferred upper limit thereof is 4.4 mg/m’.
Further, in a case where the content for each of Si, P
and Al contained in the surface modified layer can satisfy
the following relations (1) and (2):
0.5 € 8i/P £ 20 (1)
0.7 < P/R1 £ 6 (2),
further excellent resistance to tape peeling and resistance
to tape peeling after alkali degreasing can be ensured.
When Si/P is less than 0.5, since the ratio of SiQ, in

the surface modified layer tends to be insufficient

relatively, the resistance to tape peeling tends to be
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nmore and 0.5%or less. Further, in a case when the Si concentration in the
surface treating agent is |less than 0.002% the content of silica as the
mai n conponent of the barrier layer in the surface nodified |ayer tends
beconme insufficient, thereby nmaking it difficult to obtain a satisfactory
resistance to tape peeling. On the other hand, when Si concentration
exceeds 4.5% the content for the ratio of silica in the surface treating
agent increases excessively making the content of silica in the surface
nodi fied | ayer excessive, by which the resistance to tape peeling rather
tends to lLowered. | nowiieve oftlidre hiaerderhgndeser roeih ahoxasdd 20, eweeel i mt
for Si concentration in the surface treating agent is nore preferably

0. 01% andthéuambent psefelablnom @ho3yhaEar ihetnsthiei aipper ddampatrelds nor e
preferably 4% and, further preferably, 3% Further, the Si concentration in
t he surfawéthrehti cgntagerdt can tloa, caher efffedt mebhtrd inadch lacdtredderss Wit h t he
bl endi ng anobunt of Si 02 bl ended as the colloidal silica and further,

bl endi ng anbubled®lB)| bcakhe, FiPQ,he HadomesTRessokfbedhlvei | itk Hate can be
bl ended as a silica source in the surface treating agent can include

pr ef er abl yiewf poimkadgpdeyibedl albo@8,, a" Ghte POXSrremhd cWayP'llm t" SNOWTEX"
series (colloidal silica, manufactured by N ssan Chem cal -21 Industry Co.)
and the sthecaebiosoprefdh dlsl yhassrdacer mya 26l 8. lay@r tise loehdr ahand, t he
concentration of P in the surface treating agent depends on the anount of

t he phosphare rrefpored Ukaidddmds prodphare, ahijertdpan pedepatde, phosphite

or hydrogen phosphite which is an inportant factor for dom nating mainly

t he etchi HEPEFf &&®lankS tHe formation of the dense reaction layer. In a case
where the concentration of P is, excessively |low, since the etching effect
i's insufficient Pafd Cas6r HREFBNE AL tHe g IatdrPndm phesprat eth3ipe
reaction _|layer. descrjbed abqve is also_ insufficient to |ower the effect of
oot | ng Ot fe HRhossti s et -bei PeaLblis: reada B0 be 16ueted' die

to etching insufficiency derived from the insufficiency of
the phosphoric acid. On the other hand, when the ratio
increases excessively exceeding 6, the amount of less soluble
A1PO, or Al,{HPO,); formed after the etching treatment
decreases making it insufficient for the formation of the
dense reaction layer and the effect for improving the
resistance to tape peeling after alkali degreasing is reduced.
Accordingly, it is possible to promote the formation of less
soluble aluminum phosphate while ensuring an appropriate
etching effect, thereby forming a sufficient amount of the
reaction layer by controlling P/Al to 0.7 or more and 6 or
less. A more preferred lower limit for P/Al is 1 and a more
preferred upper limit thereof is 4.

Si/P or P/Al can be controlled by controlling the
content of silica, silicate, phosphoric acid ingredient and
the Al ingredient in the surface treating agent, or

conducting water rinsing upon forming the surface modified
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as well, the adhesion or the alkali resistance of the surface nodified

| ayer tends to becone insufficient. Accordingly, the concentration of P in
the treating agent is preferably 0.0005% or nore. A nore preferred | ower
limt is 0.001% and a further preferred lower limt is 0.01% However, when
the concentration of P in the surface treating agent excessively increases,
since the appearance of the products tend to becone unfavorable and it al so
causes a problemin view of actual operation that the tank for the surface
treating agent tends to be corroded easily, it is preferably 1.5%or |ess.
A nore prefeer eandppatsingriand seh¥riagdeacésy tpterspircafier meddupper limt is
0.5% Further, the concentration of Al in the surface treating agent mainly
depends oimghedbemunir ¢fl dngrieddentabs tsuoh dessaofilplbdpheri.c acid and,
further, on the anount of hydroxides such as of A which nmay be added

opti onal | Jurt2@r Parhe cancarity fort S¢onBt anditAks in dthe ceirffacef modifigedhe | ess
sol ubl e al um num phosphate fornmed as a dense reaction layer in the etching
step by phagghorin keixkangniked irkepeot pvely deforarexampdet aby flneroon in
enhanci ng the adhesion or the alkali resistance of the surface nodifying
agent by érbaﬁtém@ﬁYprosition of silica. For providing the function

descri bed above effectivelx is desirable that the concentration of Al
in the treatingWgan® esdad |@e%tlr0:cewr.%t@|d g8, bypkkeerabl y, 0.0005% and,
further preferably, to 0.001%or nore. However, when the concentration of

Al is exceeed%@vﬂmﬁcbramosmﬁcént redibloriste ciraPBationned ailice
gas-liquid boundary, etc. in the processing solution, thereby tending to
cause proHuE? H%?e%%%?%ﬁﬁ:WogéfﬁﬁésgaYPﬁwﬁn@w Sudder i thesTafder&a%ed to 0.5%
or less. A nore referred pper |im.t 0. 4% and, further preferred
upper i ntie] %O% ok Q§/95%§n8fS§FAIPrﬁnih%ls%ﬁf999§ Piéﬁgi%@ dgent gives an

effect on_the fornmation amoul t of tggadense eactio mai nly

conpr|3|n@p%f%ﬂrﬁﬁﬁ?ﬁﬁﬁgﬁﬁ efSFﬁE Rt t?ﬂf 3% & 1718400y 82" 1%

made more dense with no pin-hcle defects or the like and
exhibits an outstanding performance for the resistance to
tape peeling under dry condition, as well as the resistance
to tape peeling after alkali degreasing.

In the invention, an organic resin may be further
incorporated in the surface modified layer. This is because
the organic resin has an effect of causing the fine silica
particles to deposit firmly in the surface modified layer
upon forming the surface modified layer, and further
improving the resistance to.tape peeling and, further, the
resistance to tape peeling after alkali decreasing. The
organic resin has no particular restriction and can include,
for example, acrylic resin, melamine resin, phenolic resin,
epoxy resin, urethane resin, polyester resin, alkyd resin,
and polyolefin resin which may be used alone or two or more
of them may be used in combination.

Among the organic resins described above, a water
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stage of the surface treatnent and on the deposition anobunt of silica as
descri bed above. In a case where the content of P and the content of Al are
insufficient to the Si content, etching is insufficient relatively making
it insufficient for the denseness or the formation anbunt of the reaction

| ayer mainly conprising alum num phosphate, as well as the effect of
pronoting the deposition of silicais also |owered. Therefore, the

resi stance to tape peeling and resistance to tape peeling after al kal
degreasi ng becone insufficient. On -23 the contrary, when the content of P
and t he caeatlebileobrdbnic noesiasea excessiprelfereblgt ané &0 dtvmrSic aewmstient, t he
silica concentration in the reaction |ayer described above tends to be

i nsuf fi ci emhsanduktednaytipossidtgamries@ldidi AsansedspafiodwHrly esi st ance to
tape peeling. Wth the viewpoints descri bed above, Si/P contained in the
surface t peatfiemrgbayent A$ sthpy efmyaatiloy resinoconst étapeld 60.tlortHeess, nore
preferably, 1.8 or nore and 20 or less. Si/Al is preferably 4.5 or nore and
230 or | esygandc aoid, priflei-atdgih)ecaylior ecidoior st lermnde thosro
particular restriction on the nethod of controlling the content of Si, P
and Al inimhehdghf aced 9redns myagarntifddyt pe patkreéhyarewaeligegarti cul ar
restriction. Since the Si_ content depends on the content of silica or
silicate "ithhe baperacenthedtsaty adendeschébedndlepre, ofhem ddsends on the
content of phosphoric _acid or phosphate in the treating agent, and the

cont ent ofsuNifagepBAdsfbed tinyec ot RrMEE t RE AF PFOSPIERR & abylr kede in
the processing _agent_respectively, the contents, for the respective elenents
can be cofifsl PETEY PR¥perlY TOMS &1 AAYCPHE 2eREENtPBIte SAgFe&di ent s

descri bed above in.the surface treatin a%ent..Furth r, in a case where the
surface t B8 PEGARSENEES Lo HONRIS SRS GPGaRFEPES| FCHEGS (T above. the

ol 1 00 SRISTLLAL S0 OL LG, Q9T ORI B Lap s,y oAt na  agent
aqueous solution containing such an organic resin is acidiec,
it is excellent in the stability and the workability when
blending to the acidic aqueous solution. The average
molecular weight of the poly (meth)acrylic acid when used is
preferably 2,000 or more, more preferably, 10,000 or more,
further preferably, 100,000 or more. The base in a case of
using the salt of the organic resin constituted with the
organic acid can include, for example, ammonia or a hydroxide
of an alkali metal such as sodium hydroxide or potassium
hydroxide.

When the surface modified layer 1s observed, for
example, by FT-IR, since peaks of FT-IR derived from the
structure of the organic resin (ester bond, carboxyl group,
ketone, amino group, hydroxyl group, and carbon-hydrogen bond,
etc.) appear in the spectra, the existence of the organic
resin in the surface modified layer can be recognized. Then,

in the invention, the organic resin is preferably present
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of the organic resin. Wen the addition concentration is Iless than 0.01
g/l, the addition effect of the organic resin -24 is scarcely obtained and,
on the other hand, when the addition concentration exceeds 3 g/l, the
resistance to tape peeling after alkali degreasing m ght be deteriorated.
In the invention, a particularly preferred surface treating agent is an
aqueous acidic solution containing colloidal silica, an alum num salt
conpound such as al um num phosphate, hydrogen phosphate, phosphite, or
hydrogen phosphite, and an organic resin (preferably poly(nmeth)acrylic

acid or sa|itnt fRi€ofne MRIYHAIR S Wil #eeThr 88kl P 2GeM the s43@dtruile
zinc-based plated |ayer at the surface of a steel sheet is etched under an

aqueous apirdigRe SO 0N raliiid NG WBCO .2 dENES, I efcd | M Jrdvelceaitn! ¥
conprising a |less soluble alum num phosphate is forned.on the surface of

the zinc-based iphatSeed aMR conltlengaoits tHepesyiete txadie ineadglkl on | ayer and
i ncorporated reliably being coupled with the effect of the organic resin.

Accor di ngkyrfdbesro®f faad sldan andense reeasthnre |y alageehalkiyagt o zinc
| eached by etching, to obtain a surface nodified | ayer show ng excel |l ent

resi st ancgnfoth@pees NEEid Nt apeshekanag hetéapsl pgel iRgrakkenqgal kal i
degreasing. More specifically, the surface treating agent is preferably an

aqueous aehfli Be SOt oS ANIHINUrRG 1ihg 8bki dbscapiedy dJforreaehtef at he
ingredients as 0.002 to 5.0% (nore preferably, 0.01 to 1.0)% of Al
phosphat edeeerhyfe@aoesngephosphat e, phosphite, hydrogen phosphite), 0.004 to
10% (preferably, 0.05 to 3)% of colloidal silica; and containing 0.1 to 3
g/l of an organithe dsiventibnaapkbr angeudeombk Surdac25t4eQtiddheaganposi tion
of the surface nodified |layer can be controlled to the range descri bed above
by defi ni ngetthéoroimosing drheofsurifeceumbdiféiedebdyany agét stiwfobe range
descri bed above and, preferably, by applying water rinsing or
treating agent is a phosphate type treating agent in the form
of a sclution containing fine particles of silica such as
colloidal silica and it is preferred to control such that the
solid concentration is from 0.01 to 14.5 mass?% and the amount
{(mass%, hereinafter simply referred to as %) and the
compositional ratio (mass ratio) for.the amount of Si, P and
Al contained in the treating agent can satisfy the following
conditions:
Si: 0.002 - 4.5%
P : 0.0005 - 1.5%
Al: 0.0001 - 0.5%
1.5 £ 8i/P £ 60, 4,5 < 8i/Al1 < 230
When the solid concentration of the surface treating
agent is less than 0.01%, it is difficult to form a surface
modified layer of a satisfactory thickness by the treatment
for once and treatment for multiple times is necessary making

it non-practical. ©On the contrary, if the concentration is

excessively high exceeding 14.5%, solids tend to be formed,
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the like. As the nethod of treating the gal vani zed steel sheet by the
surface treating agent can include any of known coating nethods, for
exanpl e, dipping, spray coating or roll coating can be used. In the dipping
nmet hod, the steel sheet is preferably dipped for about 0.1 to 10 sec. The
spray coating nethod is a nore preferred nmethod for pronoting the reaction
W th zinc-based plated |ayer, and a preferred spray pressure is within a
range from 20 to 500 kPa (about 0.2 to 5.0 kgf/cnR) and a preferred spray
time is within a range from0.1 to 10 sec. After surface treating the
gal vani zedogt eghmgheptatmititle e 1suifiacBolingat{ nth agentt MesGHghegeaove to
forma surface treating agent |ayer (layer to forma surface nodified | ayer
after wat eenHiAgi 88 cawy igiduciokdefeetsngneli g9t srade Mraieiablsgergnoved by
appropriate water rinsing. Then, the surface nodified |ayer is obtained by
dryi ng under vheat bAgthe faiovexanplee scati dabettedfri 0idib0G trrafRrayd yt he wat er
content. The water rinsing in this step is an inportant processing step,
particul anl,p5%f o ndps Andd dherallkslsi angsi abaaceréafskablagcar.digngky, the
resistance to tape peeling after alkali degreasing for the surface nodified
| ayer obt abpedahdnal by.or Thads.is, according to the various experinments
conducted by -26 the present inventors, it has been confirned that the
content of P orFurdthexgntient ohsél whenttiee i faceemidbtiod fayekei s
soneti mes excessive in a case where the layer is dried as it is after
t r eat ment swrfhcthersat frar eagargatiisndeagehhade8co0bed tlebammmtenti nfa case of a
baked surface nodified |layer, that such content exceeds the preferred
content fedlPcefad.Bhe ondis auppodent tlietheebarreer cloapentinf dheAl of 0.4 to
10 ng/ n2 descri bed above in the surface nodified |layer and that it becones
di fficul t stsfemsumedi fited dsivstratendsobeapse persi iy cigrttor thlckably degr easi ng.
That is, as has been described previously for the prior

making it difficult to obtain a satisfactory resistance to

tape peeling. On the other hand, when Si1 concentration
exceeds 4.5%, the content for the ratio of silica in the
surface treating agent increases excessively making the
content of silica in the surface modified layer excessive, by
which the resistance to tape peeling rather tends to lower.
In view of the tendency described above, the lower limit for
Si concentration in the surface treating agent is more
preferably 0.01% and, further preferably, 0.03%. Further,
the upper limit is more preferably 4% and, further preferably,
3%. Further, the Si ceoncentration in the surface treating
agent can be controlled mainly in accordance with the
blending amount of Si0, blended as the colloidal silica and
further, blending amount of silicate or the like.

The colloidal silica that can be blended as a silica
source in the surface treating agent can include preferably,
for example, “O07”, 087, “OL”, “0XS”, and “OUP” in “SNOWTEX"

series (colloidal silica, manufactured by Nissan Chemical

._21_



art, the nmethod of inproving the corrosion resistance after al kal
degreasi ng of the gal vani zed steel sheet by treating the surface of the
gal vani zed steel sheet with a treating agent containing the fine silica
particles and the alum num phosphate has been known and it has al so been
confirmed that the surface treatnment was effective as the priner treatnent
for inproving the adhesion of the organic topcoat |ayer. However, it has
been confirnmed by the present inventors that the surface nodified |ayers
formed by the surface treating agents containing the fine silica particles
and the alhaustuAy Ehosphiat eHeals3q icatkudsngréhosso by 96,0500 drn Nahsi @at ent
literatures descri bed above) contain a considerably |large anount of

al um num phosphaire thegbetieenhahd, t tiee stieaecratidinf b€dPl ayethand it

soneti mes anmounts to about 30 ng/n2 or nore being converted as P and about
15 ng/ n2 enrface bedaiging yeart edpandsl onThka, atdwntpreSanie phvephats have
found out -27 that when the content of P or Al is large, it gives no snal
undesi r edcefipeand paldndad aad yhasphhde, ebiydtager plo geedtieng phakphital kal |
degreasing and that it is convenient and desirable to apply water rinsing
after theosuhydregén gatioapiiitd ohiiche ibase Layertdmer&ntarr derously | eachi ng
and renoving water soluble ingredients anong al um num phosphates (mainly
Al (H2PO4) dehipanteg meinly tihe siichavg efect ngnd affer fiarmatden ofotbecr ease
the contents for P and Al to the preferred range described above thereby
form ng adeess seiublaen (leysel.l edn ancaakkehere edhstenrsentdesdensaffBce

nmodi fied | ayer. As the water rinsing nethod, dipping or spraying nay be
consi der eds andesftvelndiaw,osinge the ﬁ@@blng|©§f¢gfrﬁ%lﬂ@§Uféh§hg@H properly
dependi ng on the content of the water soluble ingredients in the alum num
phosphat eaPfigr éeirasf kon nttdienegnise ehvminen gekosphadts AyregERactagBr. It is
preferred_to control the water rinsing tinme to about 0.5 to 15 sec in the
case of dipprhglesFiReshtaksive He @éﬁ@rlpﬁﬁéf%@ﬂeQKrﬁPt%?%@ﬁo@beo 5to 15 sec

and the spray Eressure t o about . . s .
of promoting the deposition of fine silica particles

as well, the adhesion or the alkall resistance of the surface
modified layer tends to become insufficient. Accordingly,
the concentration of P in the treating agent is preferably
0.0005% or more. A more preferred lower limit is 0.001% and
a further preferred lower limit is 0.01%.

However, when the concentration of P in the surface
treating agent excessively increases, since the appearance of
the products tend to become unfavorable and it also causes a
problem in view of actual operation that the tank for the
surface treating agent tends to be corroded easily, it is
preferably 1.5% or less. A more preferred upper limit is 1%
and a further preferred upper limit is 0.5%.

Further, the concentration of Al in the surface
treating agent mainly depends on the amount of aluminum salt
such as of phosphoric acid and, further, on the amocunt of

hydroxides such as of Al which may be added optiocnally.

—-22-



20 to 500 kPa (about 0.2 to 5 kgf/cnz) in the case of spraying, since the
wat er sol uble ingredients can be renoved nore efficiently. There is no
particular restriction for the lower Iimt of the deposition anount of the
surface nodified |layer on the galvanized steel sheet and it is preferably
4.2 ng/nz or nore as a dried coating |layer after the water rinsing
treatnent. Wen the deposition amount is insufficient, since it is
difficult to cover the surface of zinc-based plated |ayer -28 uniformy, the
resistance to tape peeling tends to be insufficient. The lower limt for

the deposphirepcal®rly, it JWIse ipheker abkyurcaufs® fothirquiheel epeef erably, 8
ng/ n2. On the contrary, when it is excessive, alum num phosphates forned
in the susbagklérehimitgm aresphagesformedf som | datsse xjadtlienAlR@Gerof Al e
(HPO4) 3 to water soluble Al (H2P04) 3, as well as the denseness of the
reacti on Layehetebcsine died wepkdsptlueitoathd @t ctiiend iikes tbf pebethdy for the
zinc-based plated surface. They tend to deteriorate the resistance to tape
peel i ng akheimpbkihnt dbgredsinngn Actendingl yhe tduhdsitcal ordéheskfikahianount
of the surface nodified layer is preferably 130 ng/n2 or |ess. The upper
limt forrebhésteposidf dheamounfiace sodbfeipg edgerably gEomgtiRg f urt her
preferably, 50 ng/n2 and, nost preferably, 37 ng/n2. The total deposition
anount of dehesitieh azl giddide.ed Foayprovidangathe Bbtctiload depcgibadi tati vel y
determining Si, P and Al in the surface nodified |ayer, for exanple, by
f | uor escenbevX- effecinivalsl,s idnd scdesirableontiaboiihe mongepsstion afount
assum ng that Si 02, AIPO4, Zn3 (PO4) 2 and Al1203 are forned in the nodified
| ayer. Whé&h anptke ckrearinmgentodst hE depdsi? i P Eneunmose, t he surface
nodified | ayer 1is expressed approximtely by the layer thickness, it is
from O. OQEQfﬁéablY)ﬁég-%%Wrné%ﬁb%p@%‘?%‘?@%ﬁvit@ 0a§02% PH the surface
treated gal vani zed steel sheet accordin to the_ invention, a surface
nodi fi ed May8r i RPEREH, trdethdhe ﬁ@@ﬁﬁvgﬁa%%maé%%ﬁlbé& SH6¢ESLELLYr ned.

or

Further, algh, since the solids tend to be formed at the gas-liquid
boundary, etc. in the processing solution, thereby tending to
cause product defects such as press flaws or seeds, it is
decreased to 0.5% or less. A more preferred upper limit is
0.4% and, a further preferred upper limit is 0.2%.

Si/P and Si/Al in the surface treating agent gives an
effect on the formation amount of the dense reaction layer
mainly comprising aluminum phosphate formed at the initial
stage of the surface treatment and on the deposition amount
of silica as described above. 1In a case where the content of
P and the content of Al are insufficient to the Si content,
etching is insufficient relatively making it insufficient for
the denseness or the formation amount of the reaction layer
mainly comprising aluminum phosphate, as well as the effect
of promoting the deposition of silica is also lowered.
Therefore, the resistance to tape peeling and resistance to

tape peeling after alkali degreasing become insufficient. On
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provi di ng characteristics such as corrosion resistance, finger print

resi stance, workability and adhesi on of coating -29 |ayer, or the .

i nprovenent thereof, a topcoat |ayer conprising various organic materials
such as epoxy resin, acrylic resin, polyam de resin, polyester resin, alkyd
resin, urethane resin, polyethylene resin, silicon resin, fluoro resin and
am noplast resin is lamnated on the surface nodified layer directly or by
way of other |ayer. Anmong them a surface treated gal vani zed steel sheet
having a resin layer fornmed of a specified enmulsion conposition as a -

t opcoat | ayer cbatpaeferwiesh the emtesitonf oapdsthe ofonsett foff Alor m ng the
resin | ayer (topcoat |ayer) conprises an ethyl ene-unsaturated carboxylic
aci d copolivieeeaséabgoesniteldy N idtdse ito neet 6al caetest attd)e asi 1d gami n

i ngredi ent, contains an am ne having a boiling point of 100C or lower in an
anount corbegpahdahgon 0il. thd ardad inml leRert des80iled %Qbdoss édkraiz aae nol of
carboxylic groups of the ethylene-unsaturated carboxylic acid copolyner, a
nonoval enbe detal fiomeEnunshd N amanposts ibdyr espohdi g 40 X ficieént nol (2
to 40 nol d) based on one nol of the carboxylic groups of the

et hyl ene- uesastinatedtecatdgoxpaeliagi.d copol yner, and a crosslinking agent
having two or nore functional groups capable of reacting with the

car boxylic grougfith dheanvdemwpoahtsodsseoiPed ndwss,badd® onntodnedssns of the
solid content of the enulsion conposition. The enul sion conposition does
not substtiet sarifgce ohted hingmagand IFheredsrablhydrS obt atawred andodt he
emul si on conposition described above is excellent in various properties
such as ©&atlabbli hgre|pEefenablvand -RoPkaBPEEt 91AN0 condras vi 5 /A30
(groundi ng property)_and al so excellent in the corrosion resistance and the
resistancést@rﬁﬁﬁéaééﬁlﬂnﬁ QA RGTe &G €29 Ry, L8R 3eh MALRi ng has al so been

filed by the resent _.i nventors as Japanese Pat ent |ication No. 2004-
Y prefegably, 6 Or more 16% or less. ApP

There is no particular restriction on the method of
controlling the content of Si, P and Al in the surface
treating agent for the base layer has no particular
restriction. Since the $i content depends on the content of
silica or silicate in the surface treating agent, the content
of P depends on the content of phosphoric acid or phosphate
in the treating agent, and the content of Al depends on the‘
content of the Al phosphate or hydroxide in the processing
agent respectively, the contents for the respective elements
can be controlled by properly contrcolling the contents of the
ingredients described above in the surface treating agent.

Further, in a case where the surface treating agent
contains the organic resin described above, the addition
concentration of the organic resin in the surface treating
agent is preferably from 0.01 to 3 g/l as the solid content
of the organic resin. When the addition concentration is

less than 0.01 g/1, the addition effect of the organic resin
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30231. The ethyl ene-unsaturated carboxylic acid copolyner is a copolynmer of
et hyl ene and an unsaturated carboxylic acid such as (neth)acrylic acid. The
copol ymer can be obtai ned by pol ynmerization such as a known hi gh tenperature
hi gh pressure polynerization process. The copolyner is nost preferably a
random copol ynmer but it may al so be a bl ock copolyner or a copolyner in

whi ch an unsaturated carboxylic acid noiety is grafted. An ol efinic nononer
such as propylene or 1-butene may be used for a portion of ethylene.
Further, other known vinylic nononmer may be partially copolynerized (by
about 10 imassWHreellyesbiannédi and, ranghaatthkirntdendpgwihdémre e pose of the

i nvention. The copoynerizing ratio of the unsaturated carboxylic acid to

et hyl ene issldittéber abhygetOratidd emssddof3 g/He thsatesasesncartmxsdpe acid
based on 100 mass% of the entire nononmer anmount. Since the

et hyl ene- gresdtimgatétietanbbayi | deqeas imppulghrirebehdstenidoxtydd c groups, it
can be enulsified (into aqueous dispersion) by neutralization with an
organi ¢ base or Imethd irorentilionhias peasécudarbyi e feviady sarifeicki ng poi nt  of
100C or lower is used as the organic base. Am nes having a boiling point

hi gher t hdirehd0@ct egentolis edmi afegPs t@glic shéutioheport@inigyi n coati ng

| ayer is dried to increase the -31 water absorption of the topcoat |ayer
and, therefddeidedweiliche @orabaniorm &ildt gespovndt fech e33 ABMEEOUD t ape
peeling. Accordingly, the enulsion conposition used for form ng the

t opcoat | Q}@rsp@éé@ngvdééﬁﬁ%i phesrhrds hafiosyha tBoi PT nayPerdRn above 100C.
Further, since the effect of adding anmonia was _ not recognized, the
conposi t | GROFENEREr EBAt &R n_L SRR L8 S ITHEISSRERRYY pb? kY (MW EF 6T i ng
poi nt under an atnnsgheric ressure..é$ecific exanpl es of the am nes having

a boi | i ng T &81106EeBEOT bnerWisie i S EACPeFEPPBHY A Gnihes) can

I ncl ude, fu%rede,x%ggl %in&gggisgcriypfﬂencfslasyue%ha Sthrei S£P¥éc§”3 eai steel
sheet is etched under an aquedus acidic solution, during
which a dense reaction layer mainly comprising a less soluble
aluminum phosphate is formed.on the surface of the zinc-based
plated layer, silica is deposited to the reaction layer and
incorporated reliably being coupled with the effect of the
crganic resin. Accordingly, These effects form a dense
reaction layer relative to zinc leached by etching, to obtain
a surface modified layer showing excellent resistance to tape
peeling and resistance to tape peeling after alkali
degreasing.

More specifically, the surface treating agent is
preferably an agqueous acidic solution containing the solid
content for each of the ingredients as 0.002 to 5.0% ({more
preferably, 0.01 to 1.0)% of Al phosphate (or hydrogen
phosphate, phosphite, hydrogen phosphite}, 0.004 to 10%
(preferably, 0.05 to 3)% of colloidal silica; and containing

0.1 to 3 g/l of an organic resin, in a pH range from 1.5 to
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N, N-di et hyl butyl ami ne, N, N-dinmethylallyl am ne, N nethyl pyrolidine,
tetranet hyl di am no net hane, and trinethyl am ne; secondary am nes such as
N- net hyl et hyl am ne, diisopropyl am ne and diethyl am ne; and prinmary

am nes such as propyl amne, t-butyl am ne, sec-butyl am ne, isobutyl

am ne, 1,2-dibutyl propyl am ne, and 3-pentyl amine. One or nore am nes can
be used in adm xture. Anong them the tertiary amnes are preferred and
triethyl amne is nost preferred. The anmount of the amines is within a
range from0.2 to 0.8 nol (20 to 80 nol % based on one not of the

car boxyl i ¢.0gr otips dompdee. tetcdny lofneéhensat finaé edodaf hak \ilayeraciad bepol yner.
This is because the corrosion resistance or the resistance to tape peeling
i s preferrcedtwilhed tdaheaangaodesesiclbédedbabeve MWMhetefiimd ngothent of t he
amnes is less than 0.2 nol, the grain size of the resin particles in the
emul si on onopeasesor 32f diiek tsher falpey & reehingnegerf ftecttheamramge be provi ded.
On the other hand, when it exceeds 0.8 nol, the viscosity of the enulsion
conposi ti dastnthedsa#xote goherinedsreblye el aphning weter irdnséonhgpeef erred.
The upper limt for amount of the amnes is nore preferably 0.6 nol and,
further ptbheetabeéy, 0.5 nol. A nore preferred lower linmt for the anmpbunt of
the amnes is 0.3 nol. For the preparation of the emul sion conposition, a
monoval ent et alAsS dhei meghed afebreabinrg itheffadganiéetofteak shegl dwenent of
the solvent resistance or film hardness. The_ nonoval ent netal conpound

pr ef er abl henghufese drneadringegenfecans 1nel ede aany radml@edugPapdnassi um and
lithium and hydroxides, carbonates or oxides of the netals are preferred.
Anong t heRptRadsy *OH eXampear SipPéngr r EBTARICIHGNY LImEsll pPakéRFed havi ng
good performance. Further, the conmpounds of bival ent. or higher val ent

metal s ar E2RoPeudeRF si nide tife J1OPLEG MEYRPRe BRRIITEH 589985t 1Pecogni zed. The

amount . of pE:Q%egggf}}/aéj?gptec{mfto%l a %ﬁ%o%?q {:g WJtshelcn aThe spray coating
method is a more preferred method for promoting the reaction
with zinc-based plated layer, and a preferred spray pressure
is within a range from 20 to 500 kPa {about 0.2 to 5.0
kgf/cm’) and a preferred spray time is within a range from 0.1
to 10 sec.

After surface treating the galvanized steel sheet with
the surface treating agent described above to form a surface
treating agent layer (layer to form a surface modified layer
after water rinsing - drying), soluble ingredients are
preferably removed by appropriate water rinsing. Then, the
surface modified layer is obtained by drying under heating,
for example, at about 30 to 150°C to remove the water content.
The water rinsing in this step is an impecrtant processing
step, particularly, for improving the alkali resistance and,
accordingly, the resistance to tape peeling after alkali
degreasing for the surface modified layer obtained finally.

That is, according to the varicus experiments conducted by
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range from0.02 to 0.4 nol (2 to 40 nol% based on one nol of the
carboxylic groups in the ethylene-unsaturated carboxylic acid copolyner.
When the amount of the metal conpound is less than 0.02 nol, enul sion
stability is insufficient. On the other hand, when it exceeds 0.4 nol, the
hygroscopicity of the resultant resin layer (particularly to al kaline
solution) increases to deteriorate the corrosion resistance and the

resi stance to tape peeling after degreasing, which is not preferred. The
lower Iimt for the anmount of the nmetal -33 conpound, is nore preferably

0. 03 nol, taedpréyehbeinveieies ahlty ha® besnl combitred hehatppgre ldomitientor t he
anmount of the netal conpound is, nore preferably, 0.5 nol and, further
preferabl pf @. 3rmbhe dbetamt ned zdndr hkenmsneYatentodietiadd deiyeeudd descri bed
above are used within the preferred range for the amobunt as described above
and they apmecudmdsfeoxceesivalirriangdske wheaebohy| 1ayer dupsirdfed he it

et hyl ene-unsat urated carboxylic acid copolyner for enulsification.

Accor di ngliy, afterstnedtmerefwrtttedhehaurifheet bradht ampuager(tamasat ibed
neutralization) is excessive, since the viscosity of the enul sion

conposi ti eabovencreases aiweiptf e tmkeoghsuirfese coodef sl i ldiviergatthets, as wel |
as the excess alkali content deteriorates the corrosion resistance and
requi res emnchnoastentreycdats egparatfiegred eonesrt , fox B oihdi.Ohép pbeferred
that the anobunt for neutralization is insufficient, since this deteriorates
the enul sig¥y rer propemeferaedocanaghty, fehdik stfal0.4msant Oohgf{me ani nes and
t he nonoval ent netal conpound to be used is preferably within a range from
0.3 to 1.degsribadedbove ot thetswifacsemedi bosy| 1ayey uss thatt pé

et hyl ene-unsaturated carboxylic acid_copolynmer. In the neutralizing step
(enul si f yPREOBEEPPLIEFIERHEL &} IBRBHE (hSar8F 2B BrNer B GARS PEGildNgopol yner by
the am nes __and the_ponoval ent netal ions, it is preferred that the am ne
havi ng a B&FRFnglpetht9IT¢HEI ¢ han 100C and t he nonoval ent

That is, as has been described previocusly for the prior
art, the method of improving the corrosion resistance after
alkali degreasing of the galvanized steel sheet by treating
the surface of the galvanized steel sheet with a treating
agent containing the fine silica particles and the aluminum
phosphate has been known and it has also been confirmed that
the surface treatment was effective as the primer treatment
for improving the adhesion of the corganic topcoat layer.
However, it has been confirmed by the present inventors that
the surface modified layers formed by the surface treating
agents containing the fine silica particles and the aluminum
phosphate (alsc including those disclosed in the patent
literatures described above) contain a considerably large
amount of aluminum phosphate ingredient in the surface
modified layer and it sometimes amounts to about 30 mg/m’ or
more being converted as P and about 15 mg/m’ or more being

converted as Al. Then, the present inventors have found out
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met al conmpound are added about at the sane tinme to the copolyner or the

am ne having the boiling point of |ower than -34 100C i s added previously.
Al t hough the reason is not apparent, when the am ne having the boiling
point of |ower than 100C is added subsequently, the effect of inproving the
corrosion resistance and the resistance to tape peeling is sonetines
insufficient. In the enul sion conposition, a crosslinking agent having two
or nore functional groups capable of reacting with the carboxyl groups are
bl ended. This is blended for chemcally crosslinking the

et hyl ene-unsaturated carboxylic acid copolyner to inprove the strength of

t he | ayer thThewhemvothe asfntend ofodsbirnkilngs ab@irge i sitl diye30 nvasesd Lnor e
preferably, 5 to 10 nass) in 100 nass% of the solid content of the emulsion
conposi t i ondepheed ieffect g tilgad arlyaes, the ressistatiasy tef teetlibyg t he

chem cal bonding is insufficient, making it difficult to provide the effect
of i npr oveAger helkabl rdpgrsasigy endnEbahndt the cexieftiande ahd t ape peel i ng.
On the other hand, when it is blended in excess of 20 mass% the

crossl i nkidagigehse the ciPrlie Wadsirn riagéndi atkehaside awdasieyfirpatmgntncr ease

t he hardness and the |ayer can not follow the  deformation upon pressing to
cause craéRinghansaslayarediiareby) BREVIPHel ¥ oreasdlidw oSl FERR¥eNEnd t he
coatability, which is not preferred. The ratio for the anount of the
crossli nkWﬁEeraé‘éHﬂth% i estliqpten aIaRE at Lt g RIBBRALEE dBRANEEpol yner

is preferably changed appropriately change the anount of the crosslinking
agent accﬁ#&%ﬂﬁhid FW@té&BﬁﬁtletF%eSQ%§qﬁﬁqHWQ§tlgﬁog6¥eFnl?h%r%%ﬁolyner.

Ubually, heqgrossly oG adenl | 3o 0beLer bl 010 0,8 40,89 mmsscpar s
COPOL YISt 1o TS Epd S P S AL cCRELAT 611 0, L 9ry e Srshi gy agent
wth the %?kgf{ykégﬁégéﬁﬂgﬂ‘@S%s%r%L%%ESQ modified layer.

As the water rinsing method, dipping or spraying may be
considered, and the condition for the water rinsing may be
changed properly depending on the content of the water
soluble ingredients in the aluminum phosphate ingredients
contained in the surface treating agent layer. It is
preferred to control the water rinsing time to about 0.5 to
15 sec in the case of dipping, and control the water rinsing
time to about 0.5 to 15 sec and the spray pressure to about
20 to 500 kPa {about 0.2 to 5 kgf/cm’) in the case of spraying,
since the water soluble ingredients can be removed more
efficiently.

There is no particular restriction for the lower limit
of the deposition amount of the surface modified layer on the
galvanized steel sheet and it is preferably 4.2 mg/m’> or more
as a dried coating layer after the water rinsing treatment.

When the deposition amount is insufficient, since it is

difficult to cover the surface of zinc-based plated laver
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exanpl es including, for exanple, glycidyl group-containing crosslinking
agents, for exanple, polyglycidyl ethers such as sorbitol polyglycidyl

et her, (poly)glycerol polyglydidyl ether, pentaerythritol polyglycidyl

et her, timethylol propane polygrycidyl ether, neopentyl glycol diglycidyl
ether, and (poly)ethylene glycol diglycidyl ether, and pol yglycidyl

am nes; and aziridinyl group-containing crosslinking agents, for exanple,
bi functional aziridine conpounds such as 4,4'- bis(ethyl eneimne

car bonyl am no) di phenyl net hane, N, N - hexenet hyl ene-1, 6-bis(1-aziridine
car boxyamugieForiNl i, - tHe phesys t@idwurns 4apd pees{gazyndsli e war boxyani de) ,
and toluene bisaziridine carboxyam de; and tri- or higher functional

azi ri di ne igqenggindsnsuchThas ldwer -linit diorytheplieppbi titowxdmteint is
tris[1-(2-nethyl)aziridinyl] phosphine oxi de,

trinet hyl alopeopgagetabdy 13-maimi dhde puspheonatwdfedallss,284mG7/m?. On
(l-aziridinyl)-1,3,5-triazine, and tetranethyl propane tetraaziridinyl

pr opi onat eheokofleérby g} | wesn t her eofexdymsige, t hédmninme Phospitetesf t he
crosslinking agents may be used. Particularly, the aziridinyl

gr oup- contfeirmieng iar ksl sukfage taggEaitinie lpvefretrads fdhes pidtorf Uecsts onal
aziridine and the nono-functional aziridine (ethyleneimne or the |like) may
be used tsodeblier A1BD| iacda AdafEP@)) estorawatisy isvdabper afl éH,HM) an asmmaedtl of 5
-36 to 40 nmass% (nore preferably, 20 to 30 nass% being converted as the
sol i d contsntchiendeheerass s Hntlvd prrsittiioon 1a¥hirs teyds et d dug i hawefmmd t he

i nprovenent of the corrosion resistance, coatability and flaw resistance,
and al so eueeti thef ekchhbey mprbiiarmmcyofforhgheotinetlasedgilsttagce and t he
resistance to tape geeling after degreasin%. In a case where the anmount of
t he silic&upsdeceel eShey Terdfte denriorméecethecresigkanessto dars oped. On

t he other hand, when it is excessive, the ratio of_ the silica particles
becones e®eeddngepftarghlkali qdrErqasiade t RECPTAMIEY mithe didddrty and the

resin layer sqnetinmes suffer from cracking during drying step, which may
deposition amount of the surface modified layér is preferably

130 mg/m* or less. The upper limit for the deposition amount
is more preferably 65 mg/m’, further preferably, 50 mg/m’ and,
most preferably, 37 mg/m’. The total deposition amount of the
surface modified layer is a value obtained by quantitatively
determining Si, P and Al in the surface modified layer, for
example, by fluorescence X-ray analysis and calculation from
the deposition amount assuming that SiO,, AlPC,, Zn,(P0O,), and
Al,0, are formed in the mecdified layer. When a preferred
range for the deposition amount of the surface modified layer
is expressed approximétely by the layer thickness, it is from
0.0021 to 0.0657 um assuming the specific gravity as 2.

In the surface treated galvanized steel sheet according
to the invention, a surface modified layer inherent to the
invention as described above is formed. Further, for
providing characteristics such as corrosion resistance,

finger print resistance, workability and adhesion of coating
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undesirably leads to the lowering of the corrosion resistance. Further, the
silica particles act as an abrasive to increase the lubricity of the |ayer,
| ower the friction coefficient and cause abrasion to a die during
fabrication to shorten the life of the die. For obtaining the maxi num
effect of the silica particles, it is preferred that the average grain size
of the silica particles is within a range from1l to 200 nm In a case
where the grain size of the silica particles exceeds 200 nm it roughens
the surface of the resin layer, failing to obtain dense resin-|layer and,
further, shbbep parthel Bfprsienadits@hagedl, adr 8SpEat OlLRirerdoapatie ihge

wor kability. The <corrosion resistance of the layer is inproved as the grain
si ze of thersbhscargaiic cheSerinlsmalukdr asHopexgrresimcadhaiceikedh,

descri bed above is saturated when the particle is extrenely fine, the | ower
limt forpbheagidenrssine iolvkbtpretresahl yalkyin rédim caassthaier €egin,
particular inportance is attached to the corrosion resistance after

degr easi ngeliybehyhses ages i aigildicoa eabsthe Sihdrca pesin dres is preferably
within a range from4 to 20 nm Such silica particles are wusually known as
col | oi dal amihophashdredin EexdmplimatedSon tH&Byrfa mddN'fieahdaldP” in the
"SNOWMEX" series (colloidal silica manufactured by N ssan Chem cal Industry
Co.) can Hereoted qreberwnt of Htheemlbyeon conposition of the invention
preferably contains a wax. In a case where the wax is contained by 0.5 to
20 mass% (nor e Py alblep, @. Surfad® wesstedmhlveorirkdr stpeéf ehedty, 0.5 to
5 mass% being converted as the solid content, the lubricity, flaw

r esi st anchavilegpa drasebi 1avaL, fogm@hpﬁgapsp@@xfl,e@rﬂinumm ance to nold
abrasion necessary for pressing or punching, and bl ackening resistance at
the slidragPestfaee awurd dpHeaRt dayrsnisf PrateoiRdi nddha eFivdsivayer are
favorabl e. However, is not preferred that the anount of waxes is
exce33|veCO§Pﬁ§ét%%% qﬁgﬂlgpguéa§g4pﬁgthe resin layer (topcoat layer)

comprises an ethylene—unsaturated carboxylic acid copolymer
(also including those in neutralized state) as a main
ingredient, contains an amine having a boiling point of 100°C
or lower in an amount corresponding to 0.2 to 0.8 mol (20 to
80 mol%) based on one mol of carboxylic groups of the
ethylene-unsaturated carboxylic acid copolymer, a monovalent
metal compound 1n an amount corresponding to 0.02 to 0.4 mol
{2 to 40 mol%) based on one mol of the carboxylic groups of
the ethylene~unsaturated carboxylic acid copolymer, and a
crosslinking agent having two or more functional groups
capable of reacting with the carboxylic group in an amount of
0.5 to 20 mass% based on 100 mass3 of the sclid content of
the emulsion composition. The emulsion composition does not
substantiaily contain ammonia.

The resin layer obtained from the emulsion composition
described above is excellent in various préperties such as

coatability, lubricity and workability and conductivity
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|l i quefied or bloomed and is thickened at the boundary between the resin

| ayer and the coating |layer after coating or at the boundary between the
surface treatnent layer and the resin |ayer, which deteriorate the
corrosion resistance and the resistance to tape peeling after degreasing.
There is no particular restriction on the wax and any of known waxes such
as natural waxes, for exanple, mcro- crystalline wax and paraffin wax;
synt hesi s wax, for exanple, polyethylene wax; and m xtures thereof can be
used. It is -38 preferred to select those having a softening point of from

80 to 14QGrofnimsly ?E@ﬁ@ft?ﬂ AR d1SA SRReNkel lﬁotuét&yfﬁgemrwax with an
average grain size o m (nore preferably, 0.3 to 1.0 pn). This is

because t hegiubbhekt ¥nd the PUOCINGEDEPeRLYE pkBeingshstance to die
abrasion and the deep drawability can be inproved remarkably. As the

spheri cal dé%lr)é%tsﬁﬁb(?nﬁnwa§u§l@nf'ﬁ{cﬁrﬁj H¥0duebspean belageasy tHeferably
i ncluding, for exanple, "D JET E-17" (manufactured by Goou Chem cal Co.),

"KUE- 1", 'Pfdeebt, iabentlE-8s Jdpmiusadatcad bypbasypidasel. lauustry Co.),
"W100", "W200", "W300", "W-400", "W500", "W640", "W700" in

" CHEM PEAEU231series (nanufactured by Mt sui Chenical Cb.), and " ELEPON- 20"
(manuf actured by N kka Chem cal Co.). The enul sion conposition used in the

i nvention pref eTlabl otlpadra-sshhaerat byl eassemogbidiratied copolhompki ¢sagi d
copol ynmer, the am nes, the nonoval ent nmetal conpound and the crosslinking
such as azdopiodiymercofipetingdl @ise tdred ess emtsiazlirangdeda end:sy bid  adidr téweth, silica
particles and the wax used optionally. It is preferred in the

et hyl ene- wssdimertat edrytacbaxidi ¢ Ba dopojemgmrecabobadplisd indwk kgimount for t he
aziridine conpound, the silica particles and the wax such that the resin

i ngredi ents liyses0 zahsoho suchoze d dinawre hdghi dempensaente diigheremsugieon
conposition. The enul sion conposition is prepared by a nethod of at first
char gi ng tied yoemizehdonnpaecess ed Bwr isoppllivmescig most preferably a

random copolymer but it may also be a block copolymer or a
copolymer in which an unsaturated carboxylic acid moiety is
grafted. An olefinic monomer such as propylene or l-butene
may be used for a portion of ethylene. Further, other known
vinylic monomer may be partially copolymerized (by about 10
mass% or less) within a range not hindering the purpose of
the invention. The copoymerizing ratio of the unsaturated
carboxylic acid to ethylene is preferably 10 to 40 mass% of
the unsaturated carboxylic acid based on 100 mass% of the
entire monomer amount.

Since the ethylene-unsaturated carboxylic acid
copolymer has carboxylic groups, it can be emulsified (into
aqueous dispersion) by neutralization with an organic base or

metal ion. In this case, an amine having a boiling point of

100°C or lower is used as the organic base. BAmines having a
boiling point higher than 100°C tend to remain on a steel

sheet when the resin coating layer is dried to increase the
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copolynmer as the essential ingredient together with the aqueous nedium for
exanpl e, into a honogeni zer equi pnent, -39 optionally heating themat 70 to
250C, adding the ami nes and the nonoval ent netal conpound each
appropriately in the form of an aqueous solution or the like (either the
amne is added previously or the am nes and the nonoval ent nmetal conpound
are added substantially at the sane tine) and then stirring them under a

hi gh shearing force. The silica particles, the wax and the crosslinking
agent may be added at any stage, but it is preferred that heating is not
applied after the addition of the crosslinking agent, so as not to proceed
t he crosshiteki apsoeptiownofnthe dugpeogél dtiyen. ahd, ttieewnidrsi, ol coerposi ti on,
diluting solvent, skin- preventive agent, |eveling agent, defoaner,

penetr at i aheagentpsienutesisteancd idmimther meafsbance ciod oragte grepiiguent ,
viscosity inprover, silane coupler and other resins may be properly added
wi t hin a Raxgediotyli ntee i emgplidieorpuorpseibfiothesed nBemnticamingatheus ki nds of
additives that can be blended wth the enul sion conposition can al so be
used whentoplceat legen dompasitt icmmtiad nusmdnésrhdoimy ry hdid ingpeoantr esi n

| ayer. The resin layer may be forned on a netal sheet by coating the
enul si on ecbopesilODth. desmtheed abhage bthe cefart dfotakiddugf acmenbd whe net al
sheet by using a known drying method, that is, roll coating, spraying or
curtain fhowWw recaghingedndtles i cunasddd oherei Rlger Then takperaamend af.or  dryi ng
under heating is preferably at a tenperature at which the crosslinking
reacti on Béewbenling epbrkineiding dgdAingspainhdundeie amnrad@RpPherdcoups
proceeds. Further, in a case of using the spherical polyethylene wax as the
| ubri cant PIEREUEFyi ng -40 is preferably conducted within a range from70 to
130C since the workability in the subsequent fabrication step is, favorable
when the spheri cEPeGHafe S%eMReBE. OFhENYHFHINIRT SeVARSuAt PPLALRKNEREYT of t he

resin layer is ] )
of 100°C or lower (hereinafter referred to as amines) can

include, for example, tertiary amines such as triethyl amine,
N,N-dimethylbutyl amine, N,N-dimethylallyl amine, N-
methylpyrolidine, tetramethyldiamino methane, and trimethyl
amine; secondary amines such as N-methylethyl amine,
diiscpropyl amine and diethyl amine; and primary amines such
as propyl amine, t-butyl amine, sec-butyl amine, iscbutyl
amine, 1,2-dibutylpropyl amine, and 3-pentyl amine. One or
more amines can be used in admixture. Among them, the
tertiary amines are preferred and triethyl amine is most
preferred.

The amount of the amines is within a range from 0.2 to
0.8 mol (20 to B0 mol%) based on one mol of the carboxylic
groups in the ethylene-unsaturated carboxylic acid copolymer.
This is because the corrosion resistance or the resistance to
tape peeling is preferred within the range described above.
When the content of the amines is less than 0.2 mol, the

grain size of the resin particles in the emulsion increases
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preferably fromO. 2 to 2.5 g/nR after drying. Wien it is excessively thin,
uni formcoating on the netal sheet is difficult and it is difficult to
obtain an intended wel |- bal anced | ayer properties such for workability,
corrosion resistance and coatability. However, it is not preferred that

t he deposition anmount exceeds 2.5 g/ nR, since the grounding conductivity,
that is, electroconductivity is deteriorated, for exanple, in a case of use
for conputer housings. Further, the peeling amount of the resin |ayer

i ncreases upon pressing to cause deposition and accunul ati on of the peel ed

layer to wha dhe &bevehyercaiugiday eififeubl esni Aot tihe preside) diopgthand it is
wasteful in view of the production cost as well. A nore preferred | ower

limt forothbe Hepasi whem Ankaecdt Uhe me3) Ntha@yeisdcsityb off fReand a nore
preferred upper limt is 2.0 g/n2. A surface treated gal vani zed steel sheet

as a nost empll ef &nr esmesdiodiorerincekakthe tovemheOimearcdisoobicdiatédnhy form ng
the resin | ayer described above on the surface nodified |ayer. The surface
treat ed gahyani zednst eetehaeid. najiebeppsedl &mit tfds afdert tofe ther ki ng
steps, or used after applying el ectrodeposition coating, powder coating or
silk priahnings(at radoetpAd®rabl60C6f nolabndl 20rtheS@riaferabdependi ng on
the application use. -41 The surface treated gal vani zed steel sheet

accordi ng0t 6 mbhe imveote qraderretl ¢doweai hinet ef@r i thes dwewartvalfetthechr om um
at all, and is excellent in the resistance to tape peeling and the

resi st ancemtinesape Pedlmalg after al kali degreasing recognized at first by
the present inventors as the subject. Further, in a case where the | ayer
obt ai ned from t Hor dpeciprepdrahidnioh Yonpmilision icompebétied, as t he topcoat
| ayer, it is possible to provide a surface treated gal vani zed steel sheet
fornmed wi mAnaveigel B&iwl [lan lisnatgei Basd. f ublibsrelt A ffncdiaiet ifes sheh as

coatability, lubricity wor kabi l ity and corrosion resistance, as well as
improvement of the solvent resistance or film hardness. The

monovalent metal compound preferably includes one or more
metals selected from sodium, potassium and lithium, and
hydroxides, carbonates dr oxides of the metals are preferred.
Among them, NaOH, KOH, LiOH are preferred and NaCH is most
preferred having good performance. Further, the compounds of
bivalent or higher valent metals are not used since the
effect by the addition is not recognized.

The amount of the monovalent metal compound is within a
range from 0.02 to 0.4 mol (2 to 40 mol%) based on one mol of
the carboxylic groups in the ethylene-unsaturated carboxylic
acid copolymer. When the amount of the metal compound is
less than 0.02 mol, emulsion stability is insufficient. On
the other hand, when it exceeds 0.4 mcol, the hygroscopisity
of the resultant resin layer (particularly to alkaline
solution) increases to deteriorate the corrosion resistance
and the resistance to tape peeling after degreasing, which is

not preferred. The lower limit for the amount of the metal
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outstandi ngly excellent in the resistance to tape peeling and the
resistance to tape peeling after alkali degreasing.. Accordingly, this can
be effectively utilized generally as surface treated gal vani zed steel sheet
which is applicable, for exanple, to autonobiles, honme electric appliances
and building materials. The invention is to be described nore specifically
wth reference to exanples, but the invention is no way restricted to the
foll owi ng exanpl es and the invention can be nodified appropriately within a
range conformng with the gists described above and to be described |ater,
and all otohpeunapdiineid qnse Rrabincloudedmyd | hamdt heuttgedni cal range of the
invention. In the follow ng exanples, "% and "parts" neans "mass% and
"mass par pgefuphibsg, ob hermdise winde fiheduppExpetnhenteat themuonnt Efos. 1 to
29) -42 Gl vani zed steel sheets each applied with zinc plating by a

deposi ti oghametil ofo@bowddri 4y nareelpeetfeirabplyat b Ny modketdral) Eurtthersurf ace
of a steel sheet of 0.8 mmthickness (part nunber: SECC), al kali degreased
and then patéerahihedo.ambldri ed were used as raw material sheets. Surface
treating agents each conprising a m xture of an aqueous sol uti on of

al um num hydr ogethephaspleat enmahaf achovalbery mdtgiorofbenmdatestnilusdry Co. ,
50% solid content), colloidal silica ("SNOMEX- 0"; manufactured by Ni ssan
Chem cal bkbhdust ayeCosgd anickhviat dthe weredeused. rage chor arite atmicamtf @s each of
Si, P, and Al in the treating agent was changed and the content for each of
Si, P, addsAribadtieoverdratehemdiafrieetskdyéor waguthahigsichaashshown in Tabl es
1 and 2, by changi ng the anmounts of aqueous solution of alum num hydrogen
phosphat ecacbbkyl flal gsdoups 0 farfdhe wiherlengnunsationted ycarduwixyg ighasakor i ¢
acid and netal alum num Each of the gal vani zed steel sheets after the

degr easi ngonas vEeppber i smukal Sigeftden -t r Bgcphgingbyt ¥ori ngdc  and then

pul l ed up and, after renoving an excess sol ution_by ) )
preferred that the total amount (amount fof neutralization)

is excessive, since the viscosity of the emulsion composition
increases abruptly to sometimes cause solidification, as well
as the excess alkali content deteriorates the corrosion
resistance and requires enormous energy for evaporation.
However, it is neither preferred that the amount for
neutralization is insufficient, since this deteriorates the
emulsifying property. Accordingly, the total amount of the
amines and the monovalent metal compound to be used is
preferably within a range from 0.3 to 1.0 mol based on one
mol of the carboxylic groups in the ethylene-unsaturated
carboxylic acid copolymer.

In the neutralizing step (emulsifying step) of the
ethylene-unsaturated carboxylic acid copolymer by the amines
and the monovalent metal ions, it is preferred that the amine
having a boiling point of lower than 100°C and the monovalent
metal compound are added about at the same time to the

copolymer or the amine having the boiling point of lower than
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a winger roll, water washed under a spray pressure of 50 kPa for five sec
and dried at 40Cto forma surface nodified |ayer on the zinc-plated | ayer.
Water rinsing was not conducted for No. 29 in Table 2. Separately, a
conposition for formng a topcoat resin |ayer was prepared by bl endi ng and
stirring an epoxy type crosslinking agent ("Rl CABOND AP355B"; manufactured
by Chuo R ka Industry Co.) by 5% as solid content (val ue based on -43 100%
of the solid content of the conposition for formng the topcoat resin

| ayer, here and hereinafter), silica particles of 10 to 20 nmgrain size

(" SNOWTEX16@% feiHRe] wredibusNyssan1 Ghandie alnd ndsiony i§onbtby 30% as solid
content and spherical polyethylene wax ("CHEM PEARL WO00"; manufactured by

M tsui Cheppagkntp. yhéy % asnise hdvdaat ent boihingabyintefdm idweper si on
("CHEM PEARL (registered trade mark) S100", manufactured by Mtsui Chem cal

Co.). ThetheAnpOstd i AtRIedceabedq@ent g, stid acerdmdidt edplkayengofheach
gal vani zed steel sheet by bar coating, and dried under heating at a sheet

t enper at ucerebs20nf pes Daearmdan arico thiet aerissantaceo t tasd gbajdingadiszed st eel
sheets forned with the topcoat resin layer with the deposition anount of 1
g/ n2. For seaehinést hestiESicisgpaci nens t hus obt ai ned, evaluation test was
conducted for the concentration (%9 of Si, P, and Al in the surface
treating sol utidn thHe camdgnon( oghp@sitian, S cresmidnilingnageetsurface

nodi fied | ayer, the total deposition amunt (ng/nR) of the surface nodified
| ayer, andlavihg tesisranues tincdgenpdebiragpandapiiel ¢ exi stemudd nigowtiiiipe
peeling after alkali degreasing, and the results are shown in Table 1.

[ Eval uat i heMeahbakyl 19roumsurare dflegdedp afldial iThelestrsbrfiorati on for each
of Si, Pand Al in the surface treating solution were neasured by ICP

eni ssi on ChpBEcRbAEt ETesapidfiaudhemeibyAenar was S ad GRibexyeico. ),
acid copolymer to improve the strength of the layer. The

amount of the crosslinking agent is 1 to 20 mass% (more
preferably, 5 to 10 mass%) in 100 mass% of the solid content
of the emulsion composition. When it is less than 1 massg,
crosslinking effect by the chemical bonding is insufficient,
making it difficult to provide the effect of improving the
corrosion resistance and the resistance to tape peeling. On
the other hand, when it is blended in excess of 20 mass%, the
crosslinking density of the resin layer increases excessively
to increase the hardness and the layer can not follow the
deformation upon pressing to cause cracking and, as a result,
lower the corrosion resistance and the coatability, which is
not preferred. The ratio for the amount of the crosslinking
agent to the ethylene-unsaturated carboxylic acid copolymer
is preferably changed appropriately change the amount of the
crosslinking agent according to the amount of the carboxylic
groups in the copolymer. Usually, the crosslinking agent is

preferably from 0.5 to 50 mass parts (more preferably, 5 to
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t he amount (ng/n2) for each of Si, P and Al in the surface -44 nodified

| ayer was neasured by fluorescence X-ray apparatus (trade nane: "M F-2100";
manuf act ured by Shi mazu Sei sakusho), respectively. The total deposition
anount (ng/nR2) of the surface nodified |ayer is a value obtained on the
basis of the result of quantization for Si, P and Al by fluorescence X-ray
spectrochem cal analysis, by calculation based on the assunption that they
are formed as S 02, AIPO4, Zn3 (P04) 2 and A28 in the nodified |layer. (2)
Resi stance to tape peeling After appending a filanent tape (#9510,

nmanuf act upednb¥s SeFtON Jasdy )orprlotoh@lagurga@esoéfatﬁ@siopm%le&en and storing
the specinen in an atnosphere of 40C x 90%H for 24 hours and 48 hours, the

filament tape washepeeligdnot partatiDapfréies ctfion tle thei duessinpeday | ayer
was observed, and the resistance was eval uated according to the follow ng

st andar dsagehk) hatesd dtidd dratridre FIB¥LOonal Cyrotiesi thane abilecu®s% or nore
and |l ess than 100% O: residual ratio, 90% or nore and | ess than 95%

L: resi duakapabile, of OPeaxtt ity eviand thes sakbary 9080 gtouss iaidalbredereedl ess than
70% (3) Resistance to tape peeling after degreasing After dipping a test

speci nensekahplas dogebasing £ wikiaaplen ghyehdah @tdid-icotieghiaaagng agent
("CL-N364S"; manufactured by N ppon Parkerizing Co.) was adjusted to 20
g/l at 60€rcopelinkingpaddret sspeirmenamnahd, wad Bygl yausdylg esohetr sdsyichgakhe sane,
a cel |l ophane tape (manufactured by N chiban Co.) was appended to the
surface oborhetspeps el wnidlyleatder, 43pal vegl fdetmursoland yd&clgdur s, the
residual ratio for the renmaining topcoat |ayer was observed and eval uat ed
accor di ngethert hpest asdartdst ticde poilygll ywidipl t @oser f orindthyledpsbpane to tape
peeling in the normal state. ~g~0000So00

polygrycidyl ether, neopentylglycol diglycidyl ether, and

(poly)ethylene glycol diglycidyl ether, and polyglycidyl

amines; and aziridinyl group-containing creosslinking agents,

for example, bifunctional aziridine compounds such as 4,4’'-

bis(ethyleneimine carbonylamino)diphenyl methane, N,N’-

hexemethylene-1, 6-bis(l-aziridine carboxyamide}, N,N’-

diphenylmethane-4,4’ ~bis(l-azyridine carboxyamide), and

toluene bisaziridine carboxyamide; and tri- or higher

functional aziridine compounds such as tri-l-aziridinyl

phosphine oxide, tris[l-(2-methyl)aziridinyl] phosphine oxide,

trimethylolpropane-tris (f-aziridine propionate), tris-2,4,6-

(l-aziridinyl)-1, 3, 5-triazine, and tetramethylpropane

tetraaziridinyl propionate, or derivatives thereof. Among

them, one or more of the crosslinking agents may be used.

Particularly, the aziridinyl group-containing crosslinking

agent is preferred. The polyfunctional aziridine and the

mono—-functional aziridine (ethyleneimine or the like) may be

used together.

Silica particles may be incorporated in an amount of 5
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to 40 mass% (more preferably, 20 to 30 mass%) being converted
as the solid content in the emulsion composition. This is
effective for the improvement of the corrosion resistance,
coatability and flaw resistance, and also effective for the
improvement of the corrosion resistance and the resistance to
tape peeling after degreasing. In a case where the amount of
the silica particles is insufficient, the effects are less
developed. On the other hand, when it is excessive, the
ratio of the silica particles becomes excessively high to
deteriorate the film forming property and the resin layer
sometimes suffer from cracking during drying step, which may
undesirably leads to the lowering of the éorrosion resistance.
Further, the silica particles act as an abrasive to increase
the lubricity of the layer, lower the friction coefficient
and cause abrasion to a die during fabrication to shorten the
life of the die.

For obtaining the maximum effect of the silica
particles, it is preferred that the average grain size of the
silica particles is within a range from 1 to 200 nm. 1In a
case where the grain size of the silica particles exceeds 200

" nm, it roughens the surface of the resin layer, failing to
obtain dense resin layer and, further, silica particles act
also as an abrasive to deteriorate the workability. The
corrosion resistance of the layer is improved as the grain
size of the silica particles is smaller. However, since the
effect described above is saturated when the particle is

extremely fine, the lower limit for the grain size is
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preferably 1 mm. In a case where a particular importance is
attached to the corrosion resistance after degreasing, the
average grain size of the silica particles is preferably
within a range from 4 to 20 nm. Such silica particles are
usually known as colloidal silica and, for example, “XS”7,
wss”, “40”, “N”, and “UP” in the “SNOWTEX” series (colloidal
silica manufactured by Nissan Chemical Industry Co.) can be
used preferably.

The emulsion composition of the invention preferably
contains a wax. In a case where the wax is contained by 0.5
to 20 mass% (more preferably, 0.5 to 10 mass% and, further
preferably, 0.5 to 5 mass%) being converted as the solid
content, the lubricity, flaw resistance, deep drawability,
punching property and resistance to mold abrasion necessary
for pressing or punching, and blackening resistance at the
sliding surface during fabrication of the obtained resin
layer are favorable. However, it is not preferred that the
amount of waxes 1s excessive, since the wax is softening -
liquefied or bloomed and is thickened at the boundary between
the resin layer and the coating layer after coating cor at the
boundary between the surface treatment layer and the resin
layer, which deteriorate the corrosion resistance and the
resistance to tape peeling after degreasing.

There is no particular restriction on the wax and any
of kﬁown waxes such as natural waxes, for example, micro-
crystalline wax and paraffin wax; synthesis wax, for example,

polyethylene wax; and mixtures thereof can be used. It is
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preferred to select those having a softening point of from 80
to 140°C. A most preferred wax is a spherical polyethylene
wax, with an average grain size of 0.1 to 3 um (more
preferably, 0.3 to 1.0 pum). This is because the lubricity,
'the punching property, the resistance to die abrasion and the
deep drawability can be improved remarkably. As the
spherical polyethylene wax commercial products can be used
preferably including, for example, “DIJET E-17" (manufactured
by Goou Chemical Co.), “KUE-1", “KUE-5", and “KUE-8"
(manufactured by Sanyo Kasei Industry Co.}, “W-1007, “W-2007,
“W-3007, “W-4007, “wW-5007, “W-640”, “W-700” in “CHEMIPEARL"
series (manufactured by Mitsui Chemical Co.), and “ELEPON-20"
(manufactured by Nikka Chemical Co.).

The emulsion composition used in the invention
preferably contains the ethylene-unsaturated carboxylic acid
copolymer, the amines, the monovalent metal compound and the
crosslinking such as aziridine compound as the essential
ingredients and, further, silica particles and the wax used
opticnally. It is preferred in the ethylene-unsaturated
carboxylic acid copolymer to adjust the amount for the
aziridine compound, the silica particles and the wax such
that the resin ingredients is 50 mass?® or more for the solid
content of the emulsion composition.

The emulsion composition is prepared by a method of at
first charging the ethylene-unsaturated carboxylic acid
copolymer as the essential ingredient together with the

aqueous medium, for example, into a homogenizer equipment,
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optionally heating them at 70 to 250°C, adding the amines and
the monovalent metal compound each appropriately in the form
of an aqueous solution or the like (either the amine is added
previously or the amines and the monovalent metal compound
are added substantially at the same time) and then stirring
them under a high shearing force. The silica particles, the
waxXx and the crosslinking agent may be added at any stage, but
it is preferred that heating is not applied after the
addition of the crosslinking agent, so as not to proceed the
crosslinking reaction and cause gelation.

In the emulsion domposition, diluting solvent, skin-
preventive agent, leveling agent, defoamer, penetration agent,
emulsifier, film forming aid, coloration pigment, viscosity
improver, silane coupler and other resins may be properly
added within a range not hindering the purpose of the
invention. Various kinds of additives that can be blended
with the emulsion composition can also be used when other
resin composition is used for forming the topcoat resin layer.

The resin layer may be formed on a metal sheet by
coating the emulsion composition described above on one or
both surfaces of the metal sheet by using a known drying
method, that is, roll coating, spraying or curtain flow
coating and dried under heating. The temperature for drying
under heating is preferably at a temperature at which the
crosslinking reaction between the crosslinking agent used and
the carboxylic groups proceeds. Further, in a case of using

the spherical polyethylene wax as the lubricant, the drying
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is preferably conducted within a range from 70 to 130°C since

the workability in the subsequent fabrication step is
favorable when the spherical shape is kept.

The deposition amount (thickness) of the resin layer is
preferably from 0. 2 to 2.5 g/m’ after drying. When it is
excessively thin, uniform coating on the metal sheet is
difficult and it is difficult to obtain an intended well-
balanced layer properties such for workability, corrosion
resistance and coatability. However, it is not preferred
that the deposition amount exceeds 2.5 g/m’, since the
grounding conductivity, that is, electroconductivity is
deteriorated, for example, in a case of use for computer
housings. Further, the peeling amount of the resin layer
increases upon pressing to cause deposition and accumulation
of the peeled layer to the die thereby causing troubles in
the press molding, and it is wasteful in view of the
production cost as well. A more preferred lower limit for
the deposition amount of the resin layer is 0.5 g/m® and a
more preferred upper limit is 2.0 g/m’.

A surface treated galvanized steel sheet as a most
preferred embodiment of the invention can be obtained by
forming the resin layer described above on the surface
modified layer. The surface treated galvanized steel sheet
may be used as it is after the working steps, or used after
applying electrodeposition coating, powder coating or silk
printing (at about 130 to 160°C for about 20 to 30 min)

depending on the application use.
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The surface treated galvanized steel sheet according to
the invention do not contain deleterious hexa-valent chromium
at all, and is excellent in the resistance to tape peeling
and the resistance to tape peeling after alkali degreasing
recognized at first by the present inventors as the subject.
Further, in a case where the layer obtained from the
specified emulsion composition is selected as the topcoat
layer, it is possible to provide a surface treated galvanized
steel sheet formed with a layer excellent in wvarious
fundamental properties such as coatability, lubricity,
workability and corrosion resistance, as well as
outstandingly excellent in the resistance to tape peeling and
the resistance to tape peeling after alkali degreasing.
Accordingly, this can be effectively utilized generally as
surface treated galvanized steel sheet which is applicable,
for example, to automcbiles, home electric appliances and

building materials.

The invention is to be described more specifically with
reference to examples, but the invention is no way restricted
to the following examples and the invention can be modified
appropriately within a range conforming with the gists
described above and to be described later, and all of the
mocdifications are included within the technical range of the
invention. In the following examples, “%” and “parts” means
“mass%” and “mass parts” unless otherwise specified.

Experimental Example 1 (Nos. 1 to 29)
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In each of the exanples, the content for each of Si, P and Al, and Si/P
and P/Al in the surface nodified |ayer was within an appropriate range, and
each of the exanples showed an excellent resistance to tape peeling both in
the dried state and after degreasing. Since P/Al is |less than the
appropriate range in No. 1 9 in Table 2, it was sonewhat inferior in the
resistance to tape peeling and resistance to tape peeling after degreasing,
conpared with tgalesatpkbdssbéel sheets each applied with zinc plating

by a deposition amount of 20 g/m’ by an electric plating |

method on the surface of a steel sheet of 0.8 mm thickness

(part number: SECC), alkali degreased and then water washed

and dried were used as raw material sheets. Surface treating

agents each comprising a mixture of an aqueous solution of

aluminum hydrogen phosphate (manufactured by Nippon Chemical

Industry Co., 50% solid content}, colloidal silica (“SNOWTEX-

0”; manufactured by Nissan Chemical Industry Cc.} and water

were used. The concentration for each of Si, P, and Al in

the treating agent was changed and the content for each of Si,

P, and Al in the surface modified layer was changed as shown

in Tables 1 and 2, by changing the amounts of aqueous

solution of aluminum hydrogen phosphate, colloidal silica and

water, and optionally adding phosphoric acid and metal

aluminum.

Bach of the galvanized steel sheets after the

degreasing was dipped in the surface treating agent for 2 sec

and then pulled up and, after removing an excess solution by

a wringer roll, water washed under a spray pressure of 50 kPa

for five sec and dried at 40°C to form a surface modified

layer on the zinc-plated layer. Water rinsing was not

conducted for No. 29 in Table 2.

Separately, a composition for forming a topcoat resin
layer was prepared by blending and stirring an epoxy type

crosslinking agent (“RICABOND AP355B”; manufactured by Chuo

Rika Industry Co.) by 5% as solid content (value based on
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the invention. Nos. 20 to 23 are exanples in which the addition anmounts for
Si, Pand Al do not partially or entirely reach the predeterm ned anount in
the surface nodified | ayer since the concentrations for Si, P, and Al in
the surface nodifying agent is partially or entirely insufficient, and both
of the resistance to tape peeling and the resistance to tape peeling after
al kali degreasing were inferior to those in the exanples of the invention.
Nos. 24 to 28: since the concentrations for Si, P, Al in the surface

nodi fying agent are partially or entirely excessive, the deposition anounts
for Si, Plaongd Af thet belidwdrmmmtmed thedcbapesipasti fdt yEormient ivhel y exceed
the predeterm ned anobunt, and both the resistance to tape peeling and the
resi st ancéopbaotapeepenr!| 1agenf ttearealakal hedednedsenp, stk canfiertdreliee t hose of
t he exanples of the invention. No. 29: Since water rinsing was not applied,
deposi ti omfadOunbs26onmRymanich Aliden (ISHCHTEKade” podarin fxbthayet byd9 exceed t he
predeterm ned anmounts. While the resistance to tape peeling was favorabl e,

t he al kal NiseansChamecal Imdustoay fCacé imydi3DReds| swkid bmwarmnipemd due to
excessive anmounts of P and Al and the resistance to tape peeling after

al kali degheascad pasypooylertspax NeCHAMIEERARD| B/ Q20 ( NosanB3hctwd@d Surf ace
nodi fied | ayers were prepared by using not dipping but spraying. That is,
after spray MgteathChémisal fGre tnedti ng sgéndscofitem tworeposi ti ons shown in
Table 3 (preparation nethod identical with Experinental Exanple 1) at a
spray prepodvelefisodksperpirory SEHEMIREAREedsegbsteTeh iresle mardled by a

winger roll. Then, they were further washed wth water at a spray pressure
of 50 kPaSfl@f”p swanuhacHred byatliscuit GhepiarsubPace M fied | ayers on
zinc plated layer. |In the same manner as in Experinental Exanple 1,

except i ng COMRESpEdeBdUResCRRIRT iPedhghie fasarradel teddiatp gty #Riched

galvanized steel sheet by bar coating, and dried under
heating at a sheet temperature of 90° for one min, to obtain
surface treated galvanized steel sheets formed with the
topcoat resin layer with the deposition amount of 1 g/m®.

For each of the test specimens thus obtained,
evaluation test was conducted for the concentration (%) of Si,
P, and Al in the surface treating solution, the amount (mg/m?)
for 8i, P and Al in the surface modified layer, the total
deposition amount {(mg/m’) of the surface modified layer, and
the resistance to tape peeling and the resistance to tape
peeling after alkali degreasing, and the results are shown in
Table 1.

[Evaluation Methed]
(1) Amounts of Si, P and Al

The concentration for each of $i, P and Al in the
surface treating solution were measured by ICP emission
spectrometric apparatus (manufactured by Seiko Advance Co.),

the amount (mg/m?) for each of Si, P and Al in the surface

-44-



steel sheets fornmed with topcoat |ayers were obtained. Each of the test
speci nens thus obtained was evaluated in the sane manner as in Experinental
Exanple 1 and the results are shown in Table 3. -50 ~~~ Ou OOO0O0O0O
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modified layer was measured by fluorescence X-ray apparatus
(trade name: “MIF-2100”; manufactured by Shimazu Seisakusho),
respectively. The total deposition amount (mg/m’} of the
surface modified layer is a value obtained on the basis of
the result of quantization for Si, P and Al by fluorescence
X-ray spectrochemical analysis, by calculation based on the
assumption that they are formed as SiQ0,, AlPQ,, Zn,(P0O,}, and
Al,0, in the modified layer.
(2) Resistance to tape peeling

After appending a filament tape (#9510, manufactured by
Surion Tech ) on the surface of a test specimen and storing
the specimen in an atmosphere of 40°C x 90%RH for 24 hours
and 48 hours, the filament tape was peeled, the ratio of area
for the residual topcoat layer was observed, and the
resistance was evaluated according to the following standards.
©: residual ratio, 100%
O - ©: residual ratio, 95% or more and less than 100%
O: residual ratio; 20% or more and less than 95%
A residual ratio, 70% or more and less than 90%

X: residual ratio, less than 70%

{3) Resistance to tape peeling after degreasing

After dipping a test specimens into a degreasing
solution in which an alkali degreasing agent (“CL-N364S”;
manufactured by Nippon Parkerizing Co.) was adjusted to 20
g/l at 60°C, pulling up the specimen, and water rinsing and
drying the same, a cellophane tape (manufactured by Nichiban

Co.) was appended to the surface of the specimen and peeled
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after 24 hours and 48 hours, the residual ratio for the
remaining topcoat layer was observed and evaluated according
to the standards identical with those for the resistance to

tape peeling in the normal state.
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Table 1 shows examples of the invention. In each of
the examples, the content for each of Si, P and A1, and Si/P
and P/Al in the surface modified layer was within an
appropriate range, and each of the examples showed an
excellent resistance to tape peeling both in the dried state
and after degreasing. Since P/Al is less than the
appropriate range in No. 19 in Table 2, it was someﬁhat
inferior in the resistance to tape peeling and resistance to
tape peeling after degreasing, compared with the examples of
the invention.

Nos. 20 to 23 are examples in which the addition
amounts for Si, P and Al do not partially or entirely reach
the predetermined amount in the surface modified layer since
the concentrations for Si, P, and Al in the surface modifying
agent is partially or entirely insufficient, and both of the
resistance to tape peeling and the resistance to tape peeling
after alkali degreasing were inferior to those in the
examples of the invention.

Nos. 24 to 28: since the concentrations for sSi, P, &l
in the surface modifying agent are partially or entirely
excessive, the deposition amounts for Si, P and Al in the
surface modified layer partially or entirely exceed the
predetermined amount, and both the resistance to tape peeling
and the resistance to tape peeling after alkali degreasing
are inferior to those of the examples of the invention.

No. 29: Since water rinsing was not applied,

deposition amounts for P and Al in the surface modified layer
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exceed the predetermined amounts. While the resistance to
tape peeling was favorable, the alkali resistance of the
surface modified layer became poor due to excessive amounts
of P and Al and the resistance to tape peeling after alkali
degreasing was poor.

Experimental Example 2 (Nos. 30 - 48)

Surface modified layers were prepared by using not
dipping but spraying. That is, after spraying each of
surface treating agents of the compositions shown in Table 3
(preparation method identical with Experimental Example 1) at
a spray pressure of 50 kPa for 2 sec, an excess solution was
removed by a wringer roll. Then, they were further Washed
with water at a spray pressure of 50 kPa for 5 sec and dried
at 40°C to form surface modified layers on zinc plated layer.
In the same manner as in Experimental Example 1, excepting
the procedures described above, surface treated galvanized
steel sheets formed with topcoat layers were obtained. Each
of the test specimens thus cobtained was evaluated in the same
manner as in Experimental Example 1 and the results are shown

in Table 3.
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Surface treating agents of the conpositions shown in Table 4 (also in Table
5) were prepared by using m xed solutions of the agueous sol ution of

al um num hydrogen phosphate, colloidal silica ("SNOMEX-0" described
above), three kinds of polyacrylic acids and water. At first, the surface
treated gal vani zed steel sheets before formng the topcoat |ayers were
obt ai ned at {HHrstrby—spraythig AeH—HORS £
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Experi nment al | Exanplgel 2) .§ [TORCHRE | § aEdrs ﬁgt&uﬁon ¢ to|them|in|t,he same
manner as in|Exanplie | & oEf|cd No%.%gé én| EThen.E [sBy agel n emul si on
of an ethylepe g 1§ry ig Adi og%lgnqi ui 3§t §d y Bpgi 46 parts of
wat er, and lG@piot%()oag N¥llehes-| MeEYlE £59 clopol: ri 4 agrlylic acid
20 mass, nelt index |(M)E BROE T tHeeavie| 8408 0 i | ami ne,
addi ng 15 no| % of ¥ é%s clgrlon gl p ng ok y i icS grooppd d pdtlhe
ethylene - agcryli¢ acid copdl yper nd stirrihg lat {a high ppded{in an
at nosphere ofg 150C and|5 | P4. Bugcessijve é, aph_gml sijon|coppgsi ti an was
prepared by |Dfe¥drngd afl| S1id | P a°gIYEPd | Gr|@ipéciohtl &l i rid | Erlossl i nki ng
agent ("EPI CLL B GRS -pr—shorty) SHEPHCHONT—-Ssa~Fegistered trade
mar k; manuf agd Bsed ShyS DRI R ppep hehbda) | SNEIshr x For ) oy BYlas solid
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before form ng the topcoat |ayer by bar coating, dried under

heat i

ng at a

sheet tenperature of 90C for one mn, to forma topcoat resin layer with a
deposition anount of 1 g/n2 (Nos. 61 to 72). Each of the test specinens
t hus obtai ned was evaluated in the sane manner as in Experinental

and the results are shown in Tables 4 and 5. In the Tabl es,
polyacrylic acid with a wei ght average nol ecul ar wei ght (Mw)

irradiated as parallel polarized light) Conparative material:

PAL is

Exanmple 1

of 100,000 to
200, 000, PA2 is a polyacrylic acid wwth Mv of 20,000 to 30,000, and PA3 is
a polyacrylic acid with Mv of 8,000. The absorbance of the resin in the
surface npdpéréedental Exdrpla Bl M@sneasuced7py FT-1R and the anal ysis
conditions are as shown below. [FT-IR anal ysis nethod] Measuring nethod:

hi gh sensi ti vit wurghlcectireatimyhadgents nef ddid cargpoe i ¢oons Rshowht inas

gol d vapor

deposi tedTableod (Resolitt iTablpovRr wedecprépabed Nbyrheyimef mds&edul ation: 500
ti mes Apparatus: JIR-5500 type Fourier transformation IR spectrophotoneter
manuf act usetlubyoik ppbntHee reshiedts. solRERSE1A0 s kfhEoin diydreagenr i ng unit
(variable angle type) |IR-SEMLOO specinen switching stage A peak area at
1496 cm lphospiabe crdoXlyidalstsdali cahe&NOWEEN Olodasie iheah aMovegl,yacrylic
acid was subtracted froma peak area at 1496 cm1l to 1776 cm' for
sheet wit hhraddkinds of guolyeaomwliicc aaddd amd waieebal dicdiwas, deher m ned as
an absorbance derived fromthe polyacrylic acid in the surface nodified

| ayer. Figurface Heptg gedwaFltzeR speelr aheaeaserfagauddeminge ther egoi ng
conditions for No. 38 described in Table 3, No. 52 described in Table 4 and
sodi um péPpaedy| e s mRitacdtepaedmah) finet B sprapigy dupgey the

same conditions as those in Experimental Example 2).

a steel

Topceoat

layers were formed to them in the same manner as in Example 1

to form Nos. 49 to 60.

Then, separately, an emulsion of an ethylene - acrylic

acid copolymer was obtained by adding 626 parts of water,

160 parts of an ethylene - acrylic acid copolymer (acrylic

acid 20 mass%, melt index (MI} 300) to an autoclave,

40 mol%

of triethylamine, adding 15 mol% of NaOH based on cone mol of

carboxylic groups in the ethylene - acrylic acid copolymer

and stirring at a high speed in an atmosphere of 150°C and 5

Pa. Successively, an emulsion composition was prepared by

blending and stirring a glycidyl group-containing

crosslinking agent (“EPICLON CRS5L”; (CR5L for short) ;

is a registered trade mark; manufactured by Dainippon Ink

and

“EPICLON"

Chemical Industry Co.) by 5% as solid content (value based on

100% of solid content in the emulsion composition, here and

hereinafter) and an aziridinyl group-containing crosslinking

agent (4,4-bis (ethyleneiminocarbonylamino) diphenyl

methane; "CHEMITITE DZ-22E”; (DZ-22E for short) ; “CHEMITITE” is
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system contai ning PAL by 0.50 g/l in the surface treating agent, in which
absorption at 1346 cm, 1421 cm:, 1457 cm1l, and 1592 cm was observed,
whi ch was not observed in the spectrumfor No. 38 not containing
polyacrylic acid in the surface treating agent. The peaks are identi cal
with the absorption of sodium pol yacrylate showmm in Fig. 3. -54 Or r So
00000000000~ (@OCOCAOD QAAAXD0 @ q(4zc~ nCAC c4Nm\e4CACA 161 nci 0
c5

a registered trade mark; manufactured by Nippon Catalyst Co.)
by 5% as solid content, as a crosslinking agent, silica
particles with a grain size of 10 to 20 nm (“SNOWTEX 40”;
manufactured by Nissan Chemical Industry Co.) by 30% as solid
content and spherical polyethylene wax with an average grain
size of 1 pym having a softening point 120°C by 5% as solid
content. The emulsion composition was coated on the surface
modified layer of the surface treated galvanized steel sheets
before forming the topccat layer by bar cecating, dried under
heating at a sheet temperature of 90°C for one min, to form a
topcoat resin layer with a deposition amount of 1 g/m® (Nos.
61 to 72).

Each of the test specimens thus obtained was evaluated
in the same manner as in Experimental Example 1 and the
results are shown in Tables 4 and 5. In the Tables, PAl is
polyacrylic acid with a weight average molecular weight (Mw)
of 100,000 to 200,000, PAZ2 is a polyacrylic acid with Mw of
20,000 to 30,000, and PA3 is a polyacrylic acid with Mw of
8,000, The absorbance of the resin in the surface modified
layer is a value measured by FT-IR and the analysis
conditions are as shown below.

[FT-IR analysis method]

Measuring method: high sensitivity reflection method
(incident angle 75°, IR light was irradiated as
parallel polarized light)

Comparative material: gold vapor deposited mirror

Resolution power: 4 cm™
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Number of accumulation: 500 times
Apparatus: JIR-5500 type Fourier transformation IR

spectrophotometer manufactufed by Nippon Denshi Co.

IR-RSC110 reflection measuring unit (variable angle

type)

IR-SEM100 specimen switching stage

A peak area at 1496 cm™” to 1776 cm™ for a steel sheet
with no addition of polyacrylic acid was subtracted from a
peak area at 1496 cm™ to 1776 cm™ for a steel sheet with
addition of polyacrylic acid and the balance was determined
as an absorbance derived from the polyacrylic acid in the
surface modified layer. Fig. 1 to Fig. 3 show FT-IR spectra
measured under the foregoing conditions for No. 38 described
in Takle 3, No. 52 described in Table 4 and sodium
polyacrylate (standard specimen}). No. 52 in Fig. 2 is a
system containing PAl by 0.50 g/l in the surface treating
agent, in which absorption at 1346 cm™, 1421 cm™, 1457 cm?,
and 1592 cm™? was observed, which was not observed in the
spectrum for No. 38 not containing polyacrylic acid in the
surface treating agent. The peaks are identical with the

absorption of sodium polyacrylate shown in Fig. 3.
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on on 00000000000000neeeeee 0do00C5060600 XSQodOOOCooOOG0 1F33~VI Y14l Y1V1Yi V1
h vl nh 0CO OOOGCGO60 zo0~00E0$P-np It can be seen that the organic

resi n-added systemis nore excellent in the resistance to tape peeling and
the resistance to tape peeling after al kali degreasing over the
conventional non-addition type. Further, it can be seen that the exanples
formed with the topcoat |ayer conprising the enulsion conposition
neutralized by the specified neutralization nmethod (shown in Table 5) show
outstandingly excellent resistance tape peeling and resistance to tape
peel i ng after alldaldardégr eesnnghatntbst orgdnapptdsdabiadideyl Syatemt he surface
nodi fied |ayer is forned on the zinc- based plated | ayer in a gal vani zed

st eel sheebrbyekbelsemf abe thea eatdimgaagentoctapai peelireg spetittieed anount of
Si, Pand Al and, optionally, an organic resin, the resistance to tape
peel i ng amgsiktiatherte hieapepeldnce afderapékpel degredsiorg catdkalthedegr easi ng
are excellent. Further, by the selection of the |ayer obtained fromthe
speci fi edcenvkestdongbnpostadditicas tvipe .t opvodbet ayel  caunfeacedarnr daadd

gal vani zed steel sheet fornmed with a | ayer excellent in various properties
such as ¢bat ebbiplys fepwédiwith vidrek dlopicoay, lavelr cormpsi omg ddiest ance  and
al so having outstanding performance in the resistance to tape peeling after
degr easi n§mi & poBapomeo P Blard aeutrad 1 zegnbivathar spRcHEtetbd according to the

invention is suitable to production of a surface treated gal vani zed st eel
sheet neutralization method (shown in Table 5) show outstandingly

excellent resistance tape peeling and resistance to tape

peeling after alkali degreasing.

Industrial applicability

Since the surface modified layer is formed on the zinc-
based plated layer in a galvanized steel sheet by the surface
treating agent containing a specified amcunt of Si, P and Al
and, optionally, an organic reéin, the resistance to tape
peeling and, further the resistance to tape peeling after
alkali degreasing are excellent. Further, by the selection
of the layer obtained from the specified emulsion composition
as the topcoat layer, surface treated galvanized steel sheet
formed with a layer excellent in various properties such as
coatability, lubricity, workability, and corrosion resistance
and also having outstanding performance in the resistance to
tape peeling after degreasing step can be provided. The
manufacturing method according to the invention is suitable
to production of a surface treated galvanized steel sheet
excellent in the resistance to tape peeling and, particularly,

the resistance to tape peeling after alkali degreasing.
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excellent in the resistance to tape peeling and, particularly, the
resistance to tape peeling after alkali degreasing. -57 WHAT | S CLAIMED I S:
1. A surface treated gal vani zed steel sheet having at |east a surface
nodi fied | ayer and a topcoat |ayer fornmed on a zinc-based plated |ayer in a
gal vani zed steel sheet, wherein the surface nodified |layer contains froml
to 30 ng/n2 of Si 2 being converted as Si, from0.5 to 15 ng/n2 of P and
fromO0.4 to 10 ng/n2 of Al. 2. . The surface treated gal vani zed steel sheet
according to claiml1, wherein the content (mass ratio) for each of Si, P
and Al contained in the surfacgapdd icaivayernssati sfies the follow ng
relations (1), and (2) : 0.5 < SiI/P~20 0.7 < P/IAI S5 (1) (2) . 3. The
surface treated gal vani zed steel sheet according to claim1l, wherein
surface nodi fying agent further contains an organic resin. 4. The surface
treated galvani zedwntfegle shheatedcgal damizdéd stadedi BMheetwherehg abte organic
resin is contained such that the absorbance derived fromthe structure of
t he organileasesansubfzosresodl flidd 1Byewhandt Aetspedatc el ayedi fioethedapar i s
observed under FT-1. 5. The surface treated gal vani zed steel sheet
accor di ngat ein58besead npllatevhdragiar tilme adgpbvabi ped asiredt sdfeetthe surface
nodi fying agent is within a range from4.2 to 130 ng/n2. 6. The surface
treat ed geheasizethstset fateatodddeddilagetocontaims 1frashdr dion 30hegympcoat
| ayer is a resin |layer obtained froman enul sion conposition conprising an
et hyl ene- ofin§aPuretioy canvexyeicaacst, copul yivgr tas 1& maiVm’ iafgPedihndnt, the
enmul si on conposition contains, in addition to the

from 0.4 to 10 mg/m’ of Al.

2. . The surface treated galvanized steel sheet according to
claim 1, wherein the content (mass ratio) for each of Si, P
and Al contained in the surface modified layer satisfies the

following relations (1), and (2):

0.5 < 5i/P < 20 (1)
0.7 < P/Al £5 (2).
3. The surface treated galvanized steel sheet according to

claim 1, wherein surface modifying agent further contains an

organic resin,

4, The surface treated galvanized steel sheet according to
claim 3, wherein the organic resin is contained such that the
absorbance derived from the structure of the organic resin

becomes 0.1 to 15 when the surface modified layer is observed

under FT-1I1.

5. The surface treated galvanized steel sheet according to
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et hyl ene-unsat urated carboxylic acid copolyner, an am ne having a boiling
point of 100C or lower in an anmount of 0.2 to 0.8 nol based on one nol of
carboxylic groups of the ethylene-unsaturated carboxylic acid copol yner,
and a nonoval ent netal conpound in an anount of from0.02 to 0.4 nol based
on one nol of the carboxylic acids of the ethylene- unsaturated carboxylic
aci d copol yner; and the emul sion conposition further contains a crosslinking
agent having two or nore functional groups capable of reacting with the
carboxylic groups in an anobunt from1l to 20 nass% based on 100 mass% of the
sol i d conteatmof , t hreedith stlon dep@idittibanamdunBno Si e cafEdd ng phosphat e
surface treating agent for formng a surface nodified | ayer on a gal vani zed
st eel shesbdifkengi agéhe solwitlconeertngti Snomss f2 o QI moe'mi4. 5% (NMass%
here and hereinafter) and the anount and the conpositional ratio (nass
ratio) for Si, P, and Al contained in the treating agent can satisfy the
follow ng conditions: -59 Si: 0.002 - 4.5% P : 0.0005 - 1.5% Al: 0.0001 -
0.5% 1.5 6. Si/HBD,stface® 8SriAked- g2BaBl zéethetewlf sbeetr eatongimgend
according to claim7, wherein the surface treating agent further contains
an organicdaimsip. wBerdhe the flagecatedtyay dgemtrexicorldiyvey obteliaem 8,
wherein the organic resin is water soluble. 10. The surface treating agent
accor di ng fromc hri em8l sieweraipestiid cor gampris sy en eidunteaiered by 0.01 to 3
g/l as solid content in the surface treating agent. 11. A nethod of

manuf act ubnAgtursbed acarborstiay agdlly gapedinestae|a Stiat iageeddeng .to claim 1
which conprises formng a surface treating agent |ayer on the surface of a
gal vani ze§heserslsipretomgogiid ofucpatains eath mfdigetn de&sdhiebed in clai m

ethylene-unsaturated carboxylic acid copolymer, an amine
having a boiling point of 100°C or lower in an amount of 0.2
to 0.8 mol based on one mol of carboxylic groups of the
ethylene—unsaturated carboxylic acid copolymer, and a
monovalent metal compound in an amount of from 0.02 to 0.4
mol based on one mol of the carboxylic acids of the ethyleﬁe—
unsaturated carboxylic acid copolymer; and

the emulsion composition further contains a crosslinking
agent having two or more functional groups capable of
reacting with the carboxylic groups in an amount from 1 to 20
mass% based on 100 mass% of the solid content of the emulsion

condition.

7. An SiO,~containing phosphate surface treating agent for
forming a surface modified layer on a galvanized steel sheet
wherein the solid concentration is from 0.01 to 14.5% (mass%
here and hereinafter) and the amount and the compositional
ratio (mass ratio) for Si, P, and Al contained in the

treating agent can satisfy the following conditions:
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7, applying water rinsing to renove excess P and/or Al from the surface

treating agent
nodi fied | ayer.

| ayer, drying the sanme, and thereby formng a surface

12. The manufacturing nethod according to claim1l, wherein

the surface treating agent layer is forned by spray coating. -60

8.

Al: 0.0001

Si: 0.002 - 4.5%
P : 0.0005 - 1.5%

0.5%

1.5 £ 5i/P £ 60, 4.5 < Si/Al < 230

The surface treating agent according to claim 7,

wherein the surface treating agent further contains an

organic resin.

9.

The surface treating agent according to claim 8,

wherein the organic resin is water soluble.

10,

The surface treating agent accerding to claim 8,

wherein the organic resin is contained by 0.01 to 3 g/l as

solid content in the surface treating agent.

11.

A method of manufacturing a surface treated galvanized

steel sheet according to claim 1 which comprises forming a

surface treating agent layer on the surface of a galvanized

steel sheet by the surface treating ageﬁt described in claim

7, applying water rinsing to remove excess P and/or Al from

the surface treating agent layer, drying the same, and

thereby forming a surface modified layer.

12.

The manufacturing method according to claim 11, wherein

the surface treating agent layer is formed by spray coating.
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