*159159* SURFACE TREATED GALVANI ZED STEEL SHEET
EXCELLENT I N RESI STANCE TO TAPE PEELI NG
MANUFACTURI NG METHOD THEREOF AND SURFACE TREATI NG
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2. Description of the Prior Art
As steel sheets used for home electric appliances,
building materials and automobiles, galvanized steel sheets
have been used generally with a viewpoint of corrosion
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
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with thin filmcoatings of about 1 mon chromate
treated |ayers have been devel oped and used generally
mainly in home electric appliances manufacturers.
However, since the chromate treatnent uses noxi ous
hexa-val ent chromum it involves a problem of causing
public pollution and the chromate treatnent has
tended to be avoided for circunvented along with the

pé§%#§§§gggggﬁgggghfor envi ronnmental protection. Then

surface treatnents not using the
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during pressing or the like intending for inprovenent
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probl em of deteriorating the corrosion resistance,
af t er HOWEVEItk aSilngegERasFREPMaHe dfsatpesfeHERe Refious
h bl , JP-A No. ,2000- 144448 dj scl ,
h%#%a Jgg%teér?sfq%‘i”%atlé?d l&VQSVeéh%e?m}? e %fﬁuggaﬁ Ryblic
. Caini , h q i '

PELIVERIR AP HASE ) FRERFYBr B° weg i £ b Aupided
f%%‘{ﬁ@dﬂﬁvéﬁé’eec{ a%%@&/%th' EHE“%{!#A&’}E P eFRRat e
TTeat®e ayer there I"Ipr oVI ng € Ccortosion

chEBESEANEEL 1 LSt LAMQST ORRERST §1ANCE: aldLr A Kaldrace

egreasi ng, and the adhesion of the coating |ayer.

t FUEERSKEs T A Min2A0Q H44A4di 8669881 GlH-2%8omate
treated steel sheet of excellent corrosion resistance
méOho8d 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, obtained by applying a
treatment to a gal vani zed 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
dryi ng the same by heating. However, since pin-holes,
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coating layer. Meanwhile, JP-A No. 2000-129460
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groups or COCH groups as a base resin. Further, JP-A
thbck2063; 293 EHhati 301 appd yangoa- cheatmdret to a galvanized
steel sheet with an acidic treating solution containing
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



type surface treated gal vani zed steel sheet forned
wth a surface nodified |ayer containing Al, Si, and
P each at a predeterm ned ratio, show ng corrosion
resi stance conparable wth that of chromate treated
steel sheets. -4 As described above, various inproved
techni ques for several subjects have been proposed in
the non-chromate treatnment and various inprovenments
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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.



By the way, in the course of the study for the
i nprovenent of the non-chromate type gal vani zed stee

. sheet, conducted by the present inventors, it has
becone clear that the resistance to the tape peeling
i s good or poor depending on the case of the
non-chromate surface treated steel sheets.
Particularly, it has become clear that the tape
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that "resistance to tape peeling" is one of ~ extreme
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aspect of the invention resides in an Si02-
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 conventional

chromate treated type surface treated steel sheets applied

with the thin film coating at the upper layer and,



cont ai ni ng phosphate type surface treating agent which

is wuseful for obtaining the gal vani zed 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
anount and the conpositional ratio (mass ratio) for

each of Si, P and A contained in the treating agent
can_satisfy the fol.low ng «conditions: .Si;.0.002 - o
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However, since the problem of “tape peeling” per se is
scarcely recognized at present, it cannot 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 non-chromate surface treated galvanized steel
sheets and aims at providing a surface treated galvanized

steel sheet excellent in the resistances to tape peeling and



of vapor deposition plating nmethod can be adapted. The
i nvention has a nost prom nent feature in
incorporating from1 to 30 ng/n2 of Si 2 being
converted as Si, fromO0.5 to 15 ng/n2 of P and from
0.4 to 10 ng/n2 of Al in the surface nodified |ayer,
as a neans for inproving "resistance to tape peeling"
which is a neM/subject to be -8 solved rai sed at first
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same. The degree of the resistance to tape peeling is
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the surface nodified Ilayer by the tape peeling is
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solvent or the plasticizer contained in the adhesive

of hbghetihg santractedoas f$ied frape0.dndot hé myhpTedt P and
| ayer formed thereon as far as the surface of the
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t he i nvention

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



when sel ecting and using, as typical exanples, a
filament tape "part nunber #9510" manuf actured by
Surion Tech Co.", and " (Cell ophane tape)

manuf actured by Ni chiban Co." as prima- facie

eval uation criterion as shown in exanples to the
described later. Silica (S 02) as the main ingredient
in the surface nodified |ayer according to the
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property between the zinc ased plated |ayer and the
topcoat |ayer. As has been descri bed above, one of the
causes of tape peeling is considered to be | owering

of the bondi rstr endRIPTALN Be ok epkAEANE boundary
bet ween each of the | ayers caused by the novenent of

di f fugiige LngseghentsIBughedsuns @oveBluralbe Phéstf I layer
contained in the adhesive of the adhesive tape or the

of ike. Fownsmribed ilateensi dered that silica contained
as the main ingredient in the surface nodified |ayer
of th&ignvéntsoanpFbviRlespetorid €otr barfiee medificdd layer
agai nst the solvent and the plasticizer that diffuse

o perretdemar Lhedmlekert opcoat | ayer and provides a
function of inhibiting intrusion to the zinc plated
surfa€éd-of ShANFbaRikH %@fwt@ﬁmatforhéoclbmmlymlate-
or the surface -10 nodified | ayer boundary.
Accordingly, when a surface treatnent |ayer
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I mproving thée resistance ape pee ng,
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peeling can be provided by controlling the
g&OMeided Rtike suebaceotweati®ite li@Rntion 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 Si0, 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



within a range from1 to 30 ng/n2 (2.14 to 64.3 ny/n
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.
Accordingly, the silica content in the surface
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considered that silica in the surface treatment |ayer
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the direction of peeling the fine silica particle
di &ferent rdadendipiat onl der kind anf nEid eihestiate thber ebyd for
causing interlayer peeling for the fine silica
thRrEarg eeslyidrs tesdr Bapbteskanyyt Hhe mddelsaper or the kind
eel ing ~caused by _shear fracture of the surface
Oﬁo‘?ﬁ? i S Yeeranseplagt ichze meontasinsss dhisreint he
siIic& content in th urface nodified |ayer shoul d
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{58 218, A0S piaL 1 v sty Lovr
at@b &M+ r 4t Jhe rsehbags féredcklea%ﬁras.lti c?E%ﬁecontained

wasteful wth an econom cal point Vi ew, upper
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nmg/ 2 and, nost preferably 8 ng/n2 being converted as
t&bcoat VigwofforhedabR¥eeon 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 blending 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



In the silica containing surface nodified | ayer of the
invention, P and Al are also contained. In preparing
the surface nodified layer, it is preferred to etch
the surface of the zinc-based plated | ayer and
deposit fine silica particles derived fromcoll oida
silica or the like on the surface of the properly
roughened plated | ayer. The etching ingredient usable
rein d or. e I FEL i oh f.uri_¢ _agci .
o B 2o A BRaPRbLaRors contrup Y the®Shiention
W éﬁ?%éﬁgéﬁﬂ%§ %B%T%EEEQ,F sUBGp1 @81 LB SUSACE £ 1ament
nodi a cidi

yiI ng ent, an C dqueous solution

i.Sk.n | pgi 1, e, »
t%%%E%ﬁgreguﬂga?ogg%fgﬂgégkgﬁS?Qgﬁ%5%%i%e oflhfﬁ?bééh , and
« j i n ' frer 0as»a ' _
SR e RS R S o S
f@dH e ABRI 1A idkne c2ABERE 0fAf a§0sh@indaln Hddn@A dsSto the
di spersed. Therefore, P and Al are contained in the
déestidantl saaxf.ace nodified |l ayer. Wien the acidic
aqueous sol ution containing colloidal silica and the
al um samipho$phat)e azorheundinsingesdizant hen theushacace
treating agent, the surface of the zinc-based pl ated
md@yEred slagtechedcbydtiihg hei the amuedusorsdlsyt ifom, edamphg,
which a reaction layer (surface nodified |ayer)
s el ety uirgsy iisicegroabPed bherd 2 BIROI4)S deriivied §rbmss
soluble (less soluble to water or an aqueous al kaline
ceblitdadn)s idmsig Odl Gl hGaTe phosbter €£he $ifldcaedeserihed
surface of the zinc-based plated [|ayer. Al um num
2B phatdd dRPToPRe CsPRFeRl phrkY dladsigr éndedaposPPed

d i wh fi il i cl .
B S SRR LTS S SR BT BLES 81 € o
o8 TR LI St TR L ERAal b Errect
i ATY] h f ' .
oD} e Rl Ut LR O B oEhL P

b SSh 1CR 1R yk@P8nReEhL NGopSod tTPIANEd  remarkably.
Further, as wll be described |ater, when an aqgueous

sol ut neNhak BB MY i HREiabove, | BEEr Ber eh&d-d sd&r tape
aci di ¢ aqueous solution, the deposited state of fine

p&tlimp i paydnstldesedntd hise obdwad miady suft fradee bamndihyi B8rength
agent can be nmade
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 topcoat 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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stronger. Since the reaction |ayer in which alum num
phosphate -13 mainly conprising | ess soluble Al PO4 or
A13(HP04)3 and fine silica particles are conposited
and integrated has nore excellent alkali resistance
than the surface nodified | ayer obtained by using,
for exanple, nitric acid as an etching agent, it can
provi des excellent performance also in the resistance
: ' f al kal j Si e 1N
mél&)%fagé;&o?a%?éollr rhri%rlfgl Qia%ré/ si T ggygg%gf’niwr}géns Ea? @\ée ace
L r; i he. aj, um - t
R el B R R0ctR B O MR AR Smoupt of
i 11bas; beanfaund dhat e nal kah it Lgsi 5 b
Sre%?st%nce to the tapespeeﬁpng_g%te#§§§%%gpﬁg s Eﬁﬁroved
oGeSF SRS ¢ S dirfher @Rt adersAdt Ngr ofhd & LRNLERE %fy the

each of and Al contained in the surface nodifie

préy&it iMadidnd adry thiet giaat Pesni vecoanitzes that the
resistance to tape peeling after alkali degreasing

ef £aEiSi ¢ PepriMiRIcedhas efFBett §F Ckiessa ofort RepTdRfiagethe
nodi fied | ayer increases and the anmpount of al um num

rehosiphrade tid ddpe [payeingnCl eases . cdif ianeas e haltett@et he
surface nodified layer is thin, since the surface

exoell Tered tepiertaamck tthe tzapacpbabiady plaat et drayddedr by
close to each other, zinc is |eached by the etching

coftrdlel mndhrasdd iglaatedtkayein aite Hurffadehe remtacnhglayer
agent is reduced into H2 gas,,6 so that pH near the

wikRrce TR S il Ilajfer 361 Bg&nt d2t-Rd EPn64 bAsed/ ] &fedio;)
| ayer increases and tends to becone alkaline. In an

b FHHEFF tAerd® PR+ i ncreases greatly, a great deal
of AIRPO4 or A12(HP04)3 are  fornmed to forma reaction ,
| ayer TPn2wAPER VRETF ebRe sHHuiflde COREGRENLM pRBS phaae 1 my/m

4 fi i i it ed q

of e T o, Ak alls FIBTUE (o TESRatateE {Bver

Al &PE;i v a%eoe\;é 5{% 3nd,, ??CE%@{ SLANCE 1,Q. 1ARG: RSk pg
atter al kal1 egreasi ng. wever,” as the thickness of

;ST ; Jpdidy LQCr ' he
P T PP e L e BB oBGY e o
AGRS-d ey B) NaHeasad iphatetdtehfYeh HieCeds fdQMeashkied layer

other, the effect of pH along wth
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, it 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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| eaching of zinc is |less exerted and the atnosphere
near the surface of the surface nodified | ayer
beconmes acidic inherent to the surface treating
agent, so that A12(HPO4)3 nore soluble to water (nore
liable to suffer fromalkali attack) tends to be
formed nore than | ess sol uble AIPO4 or A12(HPO4) 3. It
is considered that when the water sol uble AL2(HPO4) 3

' ; ' a t he..u ISt . A
STPTAAE I ndte v EC e et oB P B B rane sitica
I i:0g [ i S T, .t he ac
P S e AL S R A R S e
PR =LY e e.su c& o fop . LS
t eét(géf%eolrlgfde? an te%%rtrcgs%lgtg}fﬁ%e&% ot al|c§>eﬁ %_gete?i%%gtlg?t Epe
fo&Kali1i dePRAING 18yLP¥e]£0rne HAYEME 2t eliN€amination
invention, ‘stable excellent resistance to tape _
seed |1k M, r@%isahgn@ﬁtéﬁlag&@ ol iy it ehealekaki silica
degreasi ng can be obtai ned by defining the thickness
paftidie Sydrace modi fupfréaypig ttha predakeenr pedling
range and defining the anount for each of P and Al In
cdlneed ayersHaara fracedetesfii tied $arfise Aredrfdiedgl¥yeirtper se,
IS necessary in the invention to control the content
a®fmith rasa pearsgd ler omhB. 5i1 deca Ibomgdmi? iandhisheuedatent
of Al in arange of from4.0 to 10 ng/nR2 in the
medd f ok e isboulldykbe. répahedss vitemg /ifheor cheteiteing
of Pis less than 0.5 nmg/n2 or the content of Al is
camen s ashdi -0. 4nng/ aese el egthe fsddtidas content in the
insufficient, and a dense reaction |ayer is |ess
Sybrare Mt Tied dadpti enceede the rumerofl imksr goilHg, t e
resi stance tq tape peeling b ronotion of the |
T TG RS S FP%ag%%‘g&ﬂéé 45 6t thé’SﬁéPg me
tbeé)rovidgd fectivelé..Am)re referr | ower, Iirri%1 N
TEHHNE cOMERETor SFOrEsHT Ty i Shd "a 6T 8 pr6ReFrBEED
. jJat. for the _go 0 1s,.0.5 IR, On_the
lI](1:on %agrdyﬁa\ﬁ?eﬁloggggggn?%ﬁ%o é Fﬁosro ?%aeStéaorlf e‘r’i’tltgf A

cont't dry, “fen *{rie "¢ the ‘Conteft
o B e T eF poroted T TAe Ehrragaply 15

nd/fH, f hedel BYEEcASH1 fleswy ingeh abave nd: tands bei1bes mg/m?

eached fromthe surface nodified | ayer undergoing
béd ikl dordtdraci aA pheiar ves uppethe ldode.for the

content of Pis 9 ng/n2 and, further preferred

In the silica containing surface modified layer of the
invention, P and Al are also contained. In 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

-12-



upper limt thereof is 7.2 ng/nR2, and a nost preferred
upper |limt is 5 ng/nR. A preferred upper limt for
the content of Al is 8 ng/nR2, a nore preferred upper
l[imt thereof is 6.3 ng/n2 and the nost preferred
upper limt thereof is 4.4 ng/n2. Further, in a case
where the content for each of Si, P and A contained
in the surface nodified | ayer can satisfy the

e o T A
PRESPhAge THeEEmEL AT inif) | BRERERY' BY 5 Slufle®) |
ptﬁb@ﬁﬁaﬁzgecéﬁb&ﬁ’n@)f oy Ofy idtcHibg %HF}E@&?ﬁﬂPdﬁé ek LRyl

ends to be insufficient relatively, e resistance

aE%rbﬁ@@aE@ebfa@ﬁnﬁ enfscd10 Q11810 ower €4 g Qpd hee ot her

nd, when the ratio exceeds 20, since the anpunt of

TakwBiFBYE) phosplate dife idtitfinelent, eRaPALSth t Mt Ndhi®ice
content of silica, the effect obtained by the |ess

medl fhka ALPE-. or Al2(HPO4) 3 becones | ess effective.
Wth the view point described above, a nore preferred
| ower When ttHeoracitdie agtieousfs&@utiom ddasmihaceolloidal
nodified layer is 1 and a nore preferred upper limt
siigits and bhéuzllmeinyw efherspddteupprpolindgiis isselD.as Ithe
a case where P/Al in the relation (2) is less than
sorfacehereeting argent,o thepsupdekiengft enelsz trcimsed plated
| onered due to etching insufficiency derived fromthe
lpistf £EcPBARGI IPY e geHicdsheaiecnsi siolOniathe ditigyy which
hand, when_the ratio increases excessjvely exceeding
aprepReighotAyehf (FWEeSomesiidiedl parest m lypoprprising
rmed aft e etching treatnent _decreases makin
Aﬁgoi‘ r%%?Pf]izg\[‘Bﬁt 1R The T AR 196 UbE et heSSHeRREble to
reaction_|l ayer and the.effect for ipproving.the
w8 pinee YEie e B TRS SrebPlap kTt gy s
c i Nyl bt | i pLke o promte th
R AR

LB DR ARRIARIALA S Shel ngpeb(oely daeite ops
ceRAPbERLEENENE/ Atddrdbel YhePPEBeARENE Sl 1ica 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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less. A nore preferred lower limt for PPAl is 1 and a
nore preferred upper limt thereof is 4. Si/P or P/A
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 form ng the surface

nodi fied -17 layer and rinsing and renovi ng excess

Hadeh heprIftfy 1R RSB, R HIAR SRl e
SRR PR GEEp o o T BRD, PRCEREREP IR move

e glgn@nglgélﬁrfeéﬂﬁgﬁﬂﬁg3&%& %ﬁ%hsg¥f£g§ mo?}%&s%ﬁlayer

predetermn anount 1 n addition to Incorpora

MRE Lot S j i rayeL: an r :
Theea bY; et sl s bl arenianys st

aGRR!, Ok kedahOpahyi AP ORI 18Rt BRELorhARcE eSd &Y the
surface nodified layer is mnade nore dense with no

Risisheheedebechse afedgrd id@ cand1kexhi BbgBeddling. However,
out st andi ng perfornmance for the resistance to tape

ipeel icageubderotfiing ofh tgiQn,cadsonehlin@dsgt Hgr f £Sd SAIGE ed
to tape peeling after alkali degreasing. In the
liayeenbiyonsiag thganiwniresi phoayhbeef dompetind described
incorporated in the surface nodified layer. This is
abevause thheebelyomy cirrgsidicnds an bhfebtenffoauditipt the
the fine silica particles to deposit firmy in the
adieflacserbarfned ¢mydre ngscstibocei hg the sap¢ geeeling after
nmodi fied |ayer, and further inproving the resistance
aliatdpeepgeapping ahd dififiareat, dependiegi gk ok e ttaqpe of
pegli%g aftgr flkali,decreasing. The organjc resin :
REE RS parPichi aroR NS tifo AP EnFUEARCE RPdfeled fl@ver -
exanmpl cryljc resin, nelamne resjn henol i c
PRELARUTaE Rl U1t AT PRt iRahan 68 gl Yas e s Tieme to
resin, n | ol%{in resin ﬁhi h may be, used
B BeB5TH0, P08 POIAS, HRLRTL INEL R D9 TG o
tERMRRIRKhARs SHDAG LA UQANLE; FoshNE YESCIADAL ARG the
a water - sol ubl'e organic resin s used preferably
2BRINAN @F GBI EnkBShbsphate 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 layer 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. 1In 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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constituted wwth an organic acid is used particularly
preferably. As the organic resin constituted with the
organic acid, a poly-(nmeth)acrylic acid is suitable
and those in which acid groups are partially or
entirely neutralized wth a base can be used. As
descri bed above, when the surface nodified |layer is
formed, it is preferred to etch the zinc plated |ayer

pQ¥1E§JI;”§nc§‘”tr?‘eqL£e S ¢ S%#&E ﬁgelgjl daeftetz{‘ L 1kali

c resin conp rlsrn

d‘égPéééiﬁ' ”t H&Qé\%dz‘ enls 't%ealtﬂﬁékntﬁ@éeéfsﬁﬁéjbé f?&%the

ueous sol ution cdntaini ng such an or ganic resin Is

mgﬁi i d 14 e%;%§?9§a§é§“ 51Hth€ étng%%ég AU urrace

|I|t ending to t e acidi ¢ aqueous

?8&9 %&”mfrr&e BHRIAGS riiRL BRULAR YRS gfinﬁfbégé% lted

acrylic acid when used Is prefera O or

1HDES. r8BESe pfﬂneréh@w,ot%%rooghereﬁ@éet of Wi RBlong with
preferably, 100,000 or nore. The base in a case of

1HSERIng hef sdc ofs tihg sOkgaricedr 864 ntig@NsthddPRG-aMldir the
the organic acid can include, for exanple, ammonia or

sar fyde oxf dehe uria Rl kaldi fietial aget hb@somseliddldic inherent
hydr oxi de or potassium hydroxide. Wen the surface
toothéi sdrfayert tentdbgeagedt, f so texamnl HPDY) ;Fhok R, soluble
since peaks of FT-1R derived fromthe structure of
tbheabegafmare esiableesoesulidrd, frambakkd ]l gradumck) tends to
ket one, ami no group, hydroxyl group, and
beafponehymroyeharod®ss eoduplappely, ion PRe(HRfatira,It is
the existence of the organic resin in the surface
capaifdered | Hyad Whﬁﬁ-E@Er@@§@ﬁ|§@HUb#ﬁéﬁb HPR.tshés present
i nvention, the organic resin is E;eferably present -19

l@uéhg¥%%ﬁe¥r%@%ﬂf&bﬁﬁhﬁé@ YPPEFIPRE gev T {A%F fHforkhensurtace

! 1.t

nSplbi et 6 Pk RurelelsTohip Lo nTigretieinds [eachea
cPLEPhE LER)ILd Mo Surtoge Mok r?gez!f@c%'l%rgceqtk%ltlgg%tack

resi ance eelin resi

aHSeJché‘g pliff Alkalds @%%‘%a% Qgsruf%é‘%@qnd erm %%(rj;t is

control T Ing the a sorbance o
dé@@gfor§¥gﬁ'QMfQﬁkae%h%Qaheélng§a% S HRF@ frter alkali

treating agent used for formng the 'surface nodified
dkayessidfei surdvaged.

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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treating agent is a phosphate type treating agent in
the form of a solution 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 anmount (nmass% hereinafter
sinply referred to as %9 and the conpositional ratio
(mass ratio) for the ampbunt of Si, P and Al contained

1485 gl [0 L0 R0 S0Ry SARLY (0B R0 BEy o5 2
% S

A Hsdc it = sBels “robileq haﬁdsu Iﬁk‘edﬁlr%g the

e@%%?gce k@%ﬁ?ﬁé F%?g%é%%gtagg??h§2%%%% D%Lg?? by

pidifot{Gatd®ntne fpoNEecaNd st £ AL NNt 4.0, arﬂ-tlltdlfél ecan not
times is necessary naking it non- practlcm

s SR 1R Yoe firdﬂ@e@@sf@e&@%p? i sp Iﬁa&ceeﬁﬁle\f%lr&eﬁ' nger
exceeding 14.5% solids tend to be fornmed, -20

1 et sy le tdnmteas/ bicqpi dsbouadad ym’ Ankihg héﬁétﬂaf@ferred
agent, tending to cause product defects such as press

1dwems] i tseRds .thd rovicewt 0bft AR BhHaves mdyam?sol dd the
concentration is preferably 0.05%or nore and 10% or
comssaynd, whaor eher efoartabkyof OP 184 othe noreteartd oF. 3% or
| ess. Further, in a case when the Si concentration in
indmreeasnn fetaresgiomtlingRAAgBEiR0,) s dfesasulfdnc@end28q ke he
content of silica as the main conmponent of the
resgpkgiance gyerinaerpegatedr facehersliffaet Impddfieghdsyer as
becone insufficient, thereb making it difficult to
Aot EReh ahaves fAaist depdeesp shanteachsd tixem fdel iswgLaca
t he_ot her hand, when Si concentratlon exceeds 4.5%

oGl Lot ey JdeRgoiagi alkel %l???ﬁfh3n @h@re§@FF§€eupper
ST BT ATTE TBATARY orerre

ur?%%ﬁél?i#?nﬁyﬁreﬁ%%%ﬁhﬁ RS0 en B e o ERBERES -89 upper
. lﬂﬁf@ri§qy réf&%?éd dﬁp rf95m1§'f89ngﬁgtégﬁﬁéHE of
In the sur ace trea I ng agent nor e
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/AlL < 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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preferably 0.01% and, further preferably, 0.03%
Further, the upper limt is nore preferably 4% and,
further preferably, 3% Further, the Si concentration
in the surface treating agent can be controlled
mainly in accordance with the blending amount of S 02
bl ended as the colloidal silica and further, bl ending
amount of silicate or the like. The colloidal silica

%rea.?ﬁg(ggeﬁ} qﬁl ﬁ&Z'% gPeF %ﬂ@ﬁguég?&§¥%§§?@?CSlnce
e T RIS .%“am%s 1PEBHar e By R AEiT GRemicoParas
R R B
S?P%$p ospcg?gg }ég"ﬁpouﬁd3 glgeggg%ﬁ%gg%éﬁfb o&é%he

vPResphatEe, ahasmd epo9k, hxdﬁlegsrb @%;%& %‘&4&' Cﬁ h&t for

an inportant factor for ~domnatin the etc

t1ed feet i ange tdve of Q&ﬁ&hbogui??a&é‘emo&'?fhﬁﬁj neafdd 9B '1%{%& a
In a case where the concentration of P 1S excessively

md Oy, p1sd Meer ddheyppleghilngiief £ ect 51 snd ns U fitte@Nbre?Bered
formation of the dense al um num phosphate type

upeactlionit liayaro.descri bed above is also insufficient
to lower the effect of pronoting the deposition of
fine &nl ecaaparwheresP/xls uelthe trfad aadbasidn 0 1des than
al kali resistance of the surface nodified |ayer tends
0’6 bérored imheinidecitent ap@cpee imyl tends he be lowered due
concentration of P in the treating agent is preferably
to. gousmbringid icAenoy edpr &Ved r Bebm deer inismiftf icdency of

0.001% and , a further preferred lower Iimt is 0.01%
RARIPEGIHE A€ - coRRehbe a?Flopr dfammlii wheme ther ragéo

.treatI% agent .excessi vel i ncreases, since the

siyg yp?ﬁﬂﬁ% ing e P BECHRE QﬁféﬁéﬁaﬁP%Uble

opéra%.%ésﬁﬁ’@sﬁé Sk POPEL Fes #%i%ﬁétf?r‘“”mtagem
d%%%ﬁ%l%%r ?d.eLgs f“:}/en tfél? tl'Pe ef{?er a?agn o?o/%

nor e erre upper

adiid Nl RECNLEALUBRET chl M ed S Ofér/o rbbliRG. chie
concentration o I'n the sur ace treating agen

réed sl ah e RN A RN pkBe i AGOAREe Of o Bt Rideakting 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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such as of phosphoric acid and, further, on the anount
of hydroxi des such as of A which my be added
optionally. -22 Particularly, it constitutes a source
for formng the |less sol uble alum num phosphat e
formed as a dense reaction layer in the etching step
by phosphoric acid or the like to provide an

i mpor t ant function i n enhanci ng the adhesion or the

S e e R
1B geh{ B s e o0 rcAbaYe sLfestively, s lgezw abl e

concentr on o reatl ng agent i's

@t AEAS Lk A%orogogg P }§§%&Phu¥1jﬁig98§%%§nﬂ dified

urt her prefera

lé)ﬂ@r CONE e rald %JﬂfedA? 8?;‘9\?5’ b Vel %%I glgs' Bg}efluoro

e solids ten at t le 'gas

x-bosndaiy y&tL. in the proceSS|ng sol ution, thereby
t endi ng to cause product defects such as press flaws

or se@fen bt ah8 AfesFreasRb AR ALY eachee?huée mor e

preferred upper limt is 0.4%and, a fur

pPE@d esrmeithddPRRiounitMih bad Ot 254 /1%@1@30§|a/t%nl BrtBelica
surface treating agent gives an effect on the

idtos nee cuafanenimodfi fiba depse ampctfurtHeayethe patpbyfor
conpri sing al um num phosphate fornmed at the initia

thst agmntointt nef swchaoé SieaPnamd Andi orconteodépdsidi an
amount of silica as described above. In a case where

appreorior tentragige , Pthrdrebel camt entr ffceAmogidied layer is
insufficient to the Si content, etching is

mages Mgy idanse alighi vel pinahkele) dafagtsufori ¢hentikerand
the denseness or the formati on anobunt of the reaction

expiits Ag rﬂ%ﬁs(’,ié‘ﬁﬁllp@ H@rs@ﬁmﬁﬂn%%ﬁaﬁf@ﬂagamw to
as the effect gronntln t he deposi.ti on of si

take &8 IShergs? SFNergret 1oRnas ¢ é‘ﬁcéh?or?ﬁb%tance
and | ft | kal

ch S S e A nan e P SRS e contrary.

when txnetﬁen&ﬁ?éneio# and J %”E ?%? be'g{&rt%%%e

excessSively relative to t he con
i d@add am EﬂetQ@rfgéétﬁéﬁhffggﬂléy%§cr'Qﬁgsa?g ?ecause
tends to be insufficient and 1t may "possibly resu

thd) GydMistfddsGineRbs ERSESEENE O { LHRAAGPRBLI Bne 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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Wth the viewpoints descri bed above, Si/P contained in
the surface treating agent is preferably 1.5 or nore
and 60 or less, nore preferably, 1.8 or nore and 20
or less. Si/Al is preferably 4.5 or nore and 230 or

| ess and, nore preferably, 6 or nore 100 or |ess.
There is no particular restriction on the nethod of
controlling the content of Si, P and Al in the surface

SHESPLLNO:- 00N Jar. 4 1S Hase Laxer.be, v PO GHAT o st
c5Ak ety 08 il 60 LR SRUa Lo Lbey surface tragy
AEBSEPHONC of A1 SAALEatncL e SRl A A0SR

ofaRNeSRRBY & DrpdINAr @EtHe acRyiNe REDGESS N\thtAANand those
respectively, the contents for the respective el enents

i6aphbehcortd Afd PRl PRIEL X1 CONbE Obht 1 Ih e LHBALRY
of the ingredients described above in the surface

wh ERaki B@s@gedt .bdurddarr , Asndaseasbedh@s@yvd hers fraee
treating agent contains the organic resin described

sabbues mbdi Bt tlizger dencenmed) i 08 0§ phefan@anites etch the
resin in the surface treating agent is preferably
zfinonpDabdd t eyl asitkeasobdecost@anidi®fsdlekcion. Since
organic resin. Wien the addition concentration is
thessrgaaic Or @elirg/domptrhie iaddicheonrgdfibetaaid tase thregani c
resin -24 is scarcely obtained and, on the other hand,
CRReR1EReNt ayinadendoAceALRABE oa bk exels Bl gy/and tthe
resistance to tape peeling after alkalj degreasing
AFPEAES prOHE T GoRtedNiRg FHED AV eP¥JHMLC aesin 1s acidic,
.particul referred surface treating agent .is an
B ofRC A e ol GhoBontay nPiy DI as KA 141 ehen
n_alum num.salt .c ound such as,_alum nym phosphat e,
DR en hOLp e oRASFRRE e=o SE FYfir ogatr WREEHH t o
r LG resin _(prefer | th).acrylic
nE0aTa P G e P Blen PR LB N s gene 1o

p'gféfeﬁ]sﬁy | 3 hepZidicnbasednbl-at gec Fayas: @t £d1e oauit _aglsre,

a stee sheet i's etched under an daqueous aci di
£60tHE} Ofre EUKAHNG,, WioG0d densers eaciioOndayan MRicALkY of

conprising a | ess soluble alum num phosphate is
ukohgethensd he sundhacergbntbergsng-basethi tuted 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 is 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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plated |ayer, silica is deposited to the reaction
| ayer and incorporated reliably being coupled wth
the effect of the organic resin. Accordingly, These
effects forma dense reaction |layer relative to zinc
| eached by etching, to obtain a surface nodified
| ayer show ng excellent resistance to tape peeling
and resistance to tape peeling after al kal
r ' i fically, ot face treatin
Sgggn€ﬁ$%rﬁﬁﬁe é%ﬁ%#%ﬁ%hogqégogg ggf%?%dggcbiﬁi sttucture
0 I 0 y | ept . f ch t
o Ay ae 5702 % 42850 Lnpepr ohis dbiyTgnGE Of
FROTR- DOt IOSRARLA( r ' AL
phosphite,'%ydrogen p %%5h??e?¥g08%§§n%%h%%&§ i% the
sUPESEE R M1 4 O, 3hiotneokbot dakn sl ligd i
ing 01 gte%gll f fin Qcacapi%ﬂg’gepl)hng

containing 0.1t of an organic resin

ah@Ngle fF QM e an ded t2 % apeOpedhengoaPest tdi0m19f dehi€easing
surface nodified | ayer can be <controlled to the range

céesiss | Desk @y & byoiefionl iggt BRe £95POSAAIORD OFTLR] to 3
surface treating agent to tﬁe range described above
dabermiried ersaalje.,, by applying water rinsing or the
like. As the nethod of treating the gal vani zed stee
sheet The inkensiichaskséreatiudpsagert statiacsctu@det iy agent
of known coating nethods, for exanple, dipping, spray
ugedt forg ormigld tbeatsimgaceamodefis@dlayter t h&hdi ppirfigce
met hod, the steel sheet is preferably dipped for
trppting. agens IG fePhovhbaspr hype obt¢agindretdend iis he form
more preferred method for pronoting the reaction wth
o%i fcSPHLEPpIcandd ipdper ,flaﬁdpﬁrblc@?%? refd sdgigp such as
cg{ess re jis within a range from20 to 500 kPa (about

el gL podoytand BrpFeFEST P Gatdyroi echsthat the
i t hi f 0.1 t t f
s¢l i ottt ooy shont Bef P hEcta v (s angy Epg amount
i t g f f
A8 AN o SuhBEG BOPKES LOTIN PR RBg (1 e

chRYES: + AfdAr Matier <;niae§i gtioﬂryéf‘d he SAUMRLCof si, P and

Ingredients are preferably renoved by appropriate
AVBESE L1 NG tﬂéel%’reﬁﬁﬁnﬁsé)?éﬁ@ece[fpdéafﬂi%cfyl RKEr £b%lowing
ea

obt ai ned by dryi ng under i ng,

conditions:

Si: 0.002 - 4.5%

P : 0.0005 - 1.5%

Al: 0.0001 - 0.5%

1.5 < 5i/P £ 60, 4.5 < Si/Al £ 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,

-20-



for exanple, at about 30 to 150C to renove the water
content. The water rinsing in this step is an

i nportant processing step, particularly, for

i mproving the alkali resistance and, accordingly, the
resistance to tape peeling after alkali degreasing
for the surface nodified | ayer obtained finally. That
[ according to the various experinents conducted by

i s,
- 26 esent..j nvent Qr.s, . it ..h n, conf i ryred ,t.hat
pfecka lne Ao Y g pEa PR e R 2 aoent,
EfLed,l [ i X [ ' r
B D S R A
ugt ace~Fr [ e d b i
e P P ot oq oy poBRife i b BritEienly
06¥58eds hbife RIS Q0@ rCaBEENENED mErofp Qe k@142 0.1% or
ng/ n2 or the preferred content for Al of 0.4 to0'10
mBygENEnadessy idyed afgove in the surface nodified | ayer
and that it becones difficult to ensure the
resi strnadelr) tape pestiwigen afiersialdodldendedt€asi Ng. the
That is, as has been described previously for the
sprfate ardéatire aywihitod soflesBptByh NG, O OES CAHHOTIMNent of
resi stance after alkali degreasing of the gal vanized
s$lkeh shete mailr eatmpogenthefsthé aserofert e ygal Manithed
steel sheet with a treating agent containing the fine
sgifica padificidkeslayed thedal batouen iphoSphEiten thasheeeby
known and it has al so been confirmed that the surface
meakéag neht ikl aflftedol potasnt ResptisErctomatmasitstahge to
i mprovi ng the adhesi on of the orggnic topcoat | ayer.
LRBReRe? Ll IRg . hdd féeénOtbREi hadd/ byhemeS hrewintration
invea%o s_th the surface nodified | ayers forned by

CXRedr { ¥ (TEROORG e EgERF sTRBNT AT 1R t%ﬁ§¥qanﬁn the

P L i cl the_ al um hosphat e (.
=Fhent; hEr 41046 S 0Bt Ho b atenioLy redr ataras
cSRRBERL 6E SO (0N BB eO0SNIRLAed 11C e @Tbe, by

um num osphate 1 ngredren e surrta

w%?f;.rgﬂ%i f@é’ieé't%{e&%n it(: %QHEt Fgg§1§gom%xt Q:e%%g%os’rgfhzﬁr.

or nore g conver as” P and about
IAT v Co DO tLRRYRA Bdsasifbd IHoe, e RIRREN init for

i nventors have found out -27 that when the content of

SP etnééntSatidrgdn ithegkve$abe B8A®dting 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 concentration in the surface treating
agent can be controlled mainly in accordance with the
blending amount of SiO, 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, “0”, “0S”, “OL”, “0XS”, and “OUP” in “SNOWTEX”

series (colloidal silica, manufactured by Nissan Chemical
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undesired effect particularly on the resistance to
peeling after alkali degreasing and that it is
convenient and desirable to apply water rinsing after
the surface treatnent for the base | ayer thereby
previously | eaching and renoving water soluble

i ngredi ents anong al um num phosphates (nmainly
AI(H2PO4)3) contained in the surface treating layer in

d h .
Iéﬁg %ﬁ 39 range %%bsgr}ggaEgbiségf%ggggad?@&H%ﬂ%}3% Na,510;.
Less 20l dRkeotpapehLagt Ll Aldall: Le3Lal aRce) dense
surface P Ia er ter rPnS|ng netn%

sﬂP%é{%rcgafﬁ%rgﬁ%g%%tnﬁgpgﬁdsC&Qsﬂgg r%tgounacﬂ%ﬁ tﬂgle phosphate

con 1 on terrinsin

on t
CBAIEEL AR BILIEECEODL .l LB ABLEE, snosone

of ngc?fgcfé}f ShoePMizien@eibA 1 Beas Ufrflﬁ&ecatrfte -RGagsnt

| ayer preferred to contro he water rinsing
dézhifﬁaﬁﬁlg}ltﬁialitnl@ 5h%0etéﬁlﬁ@cefﬂeéthear?cﬁst@le‘)ffo‘ﬂnﬁlﬁhaﬂ of the
and control the water rinsing tinme to about 0.5 to 15
dése arghddiors Lagyrr esaUkech e aigste 2thd @c?R@nkPation of P
(about 0.2 to 5 kgf/cn®) in the case of spraying,
isiewecddiraiat dowsolsihte thgretitilenis «ffedie ikeim¥adricient
nore efficiently. There is no particular restriction
afidy fdendtower dfi whe defséheldejos tpharspvatent ypb tbection
surface nodified |ayer on the galvanized steel sheet
layr idedaripest abalyiey 14, 21 ag/ i@swffimrant do dodeiretihe
coating layer after the water rinsing treatment. Wen
effrcdepoginomet iagohe Asppastion cvlerftinesisidécat ppsticles
dlfflcult to cover the surface of zinc-based plated
%rﬂd#@rsﬁepp ofheheed} k1 bheetis tease séelthﬁgsurface

nds e ins ff|C|ent The lower limt for th
%%p%sﬁ e sanes 5 Borant rattiic il ) hocqrdtnaly,
gréher %rabl t he contrary

the & ncesrgclrr\%]; uﬁppﬁg%pnﬁ?%tsm? SIREE pﬁ\é@erabiy

S B AL LA T BRI
a auMeldr ﬁ%%ﬂéy%eqe@§@895§lﬁittf§ depation layer tends

to be Towered due to the etching insufficiency for

the zHBGebaspdvpéat etk Sbdrcatitheyrt endntohe surface
deteriorate the resistance to tape

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 amount of

hydroxides such as of Al which may be added optionally.
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peeling after al kali degreasing. Accordingly, the
total deposition anmount of the surface nodified |ayer
is preferably 130 ng/n2 or |ess. The upper limt for
the deposition amount s nore preferably 65 ng/n2,
further preferably, 50 ng/n2 and, nost preferably, 37
ng/ n2. The total deposition anount of the surface
nodi fied | ayer is a val ue obtai ned by quantitatively
in_th di.fi e
ng{:f&ﬂ%ﬂg ?xﬁa C%In%'%qg@tp Pudr e(g%é%%e % ra rn}%ﬁ‘acﬁ gf'?e less
I r e 0 n
?29?% SRR =B H898  s ar ¢ %#%ﬂaxer
é%éﬂfﬁ%léﬁﬁﬂﬁbym?ﬁgsg ?éeﬁéf@ ? e Egeprov1de

%eposu t1on anmoun ace nodi

aBX PSS SELh PRI BaL %yeHMathn&a&’ i éciHe%J,& S%’r lthe' alkah

from 0.0021 to 0.0657 massumhg the specific gravit

r88iZtahde ¥ e fs%‘i%a‘&:%eﬁbgﬁfﬁ%é(a&‘é@r?@ B} §8lo *E‘:‘Eﬁ

according to the invention, surface nodifie ayer

déﬁ@@I@i@ntdftdﬂildanVe@hkOﬁréﬁlﬂ rte e aRAVe N Sescribed
formed. Further, for providing characteristics such

alBsvE o f DS tIva185i Straneedebi AgBIe PrhdY HiRSi®hdR&€ration of
wor kabi lity and adhesi on of coating -29 |layer, or the
Al njm oviesreEte dttiergeabyend tepavated sty e . O icsi RGre,
vari ous organic materials such as epoxy resin, acrylic
rrefermblpol.aftiodé eed, nfupbhgespresfemgily, dok@dopdsi or
uret hane resin, polyethylene resin, silicon resin,
nereor dowssiar andeanitheprancenresihion diadilndisedxonssheely
surface nodified |ayer directly or by way of other
highersingmrida vehids saptate be chpwwrdaty ez gdssibanid
sheet having .a resin |ayer forned of a specified

% %Wm et(?onﬁ@sFPFoﬁr%eés%%%c%]tuq%r Ghergpyf Eppddng to
e enu osition used for_formng the resjin,
C?Lé@%rpi%%ﬁ?%&e &t FUCBofprPERes aians ot seeds, "It is
h t-ur at boxyl .
Rt cﬁ%‘s%r B Reter al | J R i e gy onSP i

oI {‘Q %gdce 'Ne?' P%e%@r?@&”%ﬁ‘@f’ | 14913 %‘ I0' B% po' nt

n-an ano corresponding™to 0.2 to
0.8 ”@h/@29n8051ﬁﬁlnpﬁqﬁupg§ﬁ%a%% QQ@aH@hgoggent gives an

carboxylic groups of the ethyl ene-unsaturated
e £8E DO I thedTodma@pehy FRbund fPNYH@lRMse Mbakion layer

compound in an anount corresponding to 0.02 to 0.4 no
mainly comprising aluminum phosphate formed at the initial
stage of the surface treatment and on the deposition amount
of silica as described 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 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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(2 to 40 nol %9 based on one nol of the carboxylic

groups of the ethyl ene-unsaturated carboxylic acid
copolymer, and a crosslinking agent having two or

nore functional groups capable of reacting with the
carboxylic group in an amount of 0.5 to 20 mass%

based on 100 mass% of the solid content of the

emul si on conposition. The enul sion conposition does

t nt. i ont ai npa, _The resin |ayer

B8 e o e R PR B R ok erdn Ry o AL

: LS | [ LLQuUs P eLti 1
e e e BT PP kBl T SR Fhe sinica
c6RB L dry i;rﬁckh(egrr%lé'&g'igﬂ ?éggﬁr&é,@cﬂizgeé?ltaﬁ)g)ve tends to

excellent In € Ccorrosion I stance an

b%e§ﬁ§§9ﬁfﬁér& L3pe i@:eﬁllahf{]goggﬁst[%eggﬁﬁﬁ?siirp%:n aﬂl%u%lfsggient

i nding has al so been tiled by present 1 nventor

r88i JaRsRes® RalntAnRhigcat i on No. 2004- 30231. The
et hyl ene-unsat urated carboxylic acid copolyner is a

copol yieh eheethylpoents it Rt WRkR] 827POXYhi&ined in
acid such as (meth)acrylic acid. The copol yner can be

tRbt hneskd yt iem tioly aeehzat s0prs B6FaeBy a N mdirghand 60
tenperature high pressure polynerization process. The

orobatyanotes presierpibdfyer abByoa meaddam cuapalry mekshut si/aAl
it my also be a block copolyner or a copolyner in
ishpréfarahins & .ur atrethocar BodyPBe a@ci teswiatd, mere
grafted. An ol efinic nononer such as propyl ene or
preberainey, rfaybacysedOPopralessti on of et hyl ene.
Further, other known  vinylic nononmer may be partially
copol yherezéd PpyPabbituhayr nasfducdioness) thetmehed of
ange. not hinderi@% the purpose of the invention. The

C{}% D% itHE CoRtERSf Ofhel unBatif Aedr hepskyitpee

id. to ethyl i ferably 10 to 40 %of th
cERREiNT s EBo i pel BoaE: APREE P DOl B SCSREt ¢ he

' . t. .S he ethyl ene- t d
e L IR e R oS ST SRatne S oryhaLoftgit of

sfffcg’e?rergﬁ!lsﬂgajt%d i&i @Bg séﬂf&Qé’Stéjééﬁ‘%{gs i{;%{%xltk,)?/glﬁe F%ntent

neutrall zation wt an organi c base or

of Nb Su&hSRIs h AMN@oNAYLRTR BRbL NG ROINL OF éRQQpﬂate
| ower is used as the organi c base. Am nes having a
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 controlling 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 0.0l 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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boi I i ng poi nt higher than 100C tend to remain on a
steel sheet when the resin coating layer is dried to
i ncrease the -31 water absorption of the topcoat |ayer
and, therefore, lower the corrosion resistance or the
resi stance to tape peeling. Accordingly, the enul sion
conposition used for formng the topcoat |ayer does
not contain am nes having a boiling point above 100C.

iﬁugggﬁaelgigg‘;a{@@deﬂ&ﬂ Oler@d8 R, A0TDY; 4,85 ot

recogni ze € Co OSItIOﬂ nelther cont al ns a n|a

a&ﬁ?t?@hlb&ﬂcéﬂ%fﬁtfﬁﬁ”&%é&éﬁg|3'%glp° es d%ﬁ{%e e .to tape

at nospheric pressure. Specific exanp am nes

pE@YhHS 8rPok | 4 e POI U gr s 1%%0a188e|8¥ﬁ eéggﬁéﬁéggfer

referred to as amnes) can Inc r exa

terti afy ta/d rl@ﬁfe%*&QB as Uphet hyhy & ferred surf
N, N- di net hyl but yl amnnea % N—d“ﬁethfpgnfyﬁrgﬁlngurNEce

t@EhBYﬁﬁy;ﬁ@éﬂlﬂ' 1€, art elqiRiRish¥l-diiani 81 BI NSN3 Ging
trinmet am ne; secondary am nes such as

cNiﬂIBILJial eshylcamadie,aluiins@psepy! campoen@nsidi &l ¥W1uminum
am ne; and prinmary am nes such as propyl am ne,

phebphyte anhperogac dhdsphaard, nehokphbté yl or aifdi®gen
1, 2-di butyl propyl am ne, and 3-pentyl am ne. One or

rhosphahe neand san eramdd inesadni(praferadhpnplivh@mth)kerylic
tertiary amnes are preferred and triethyl amne is

agbdt or ppelertharede afiem tbe shefane nosedtsing tavemta is
range from0.2 to 0.8 nol (20 to 80 nol % based on

ugad, nbhe ofinerbaabddatied lgvetipati bhe heurface of a steel
et hyl ene-unsaturated carboxylic acid copolyner. This

shge eze%u%‘écl%% Wl S0 RAMESHST aRta1erSeHE isni siarias

ta eling is preferred ,within the range
WHESRr & DAEPSHRRACE &%g BEAD &Nt COID T4 it dé s soluble

Rese e g e o
PSUEAE FROLE L1 S5, AL O PR, S 0 e, anc
lggsg?gﬁtéa Ot COIMGS 10N LBGEERSSH: L SARIAAIRS GAUSRe
organic résin. 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 aqueous 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/1 of an organic resin, in a pH range from 1.5 to
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which is not preferred. The upper Iimt for anount of
the amnes is nore preferably 0.6 nol and, further
preferably, 0.5 nol. A nore preferred lower limt for
the anmbunt of the amnes is 0.3 nol. For the
preparati on of the enulsion conposition, a nonoval ent
metal ion is also used. This is effective for the

i nprovenent of the solvent resistance or film

4R OnEE 18 UV keDh T o copRu oY SRCOL, e
TR TR
cAEbo b O are BroLstredoondo ML S amstee misl or g

d%’%%ﬁik%ﬁ Moty Fher %@s%@kaﬁ?}{/,al By aé}?pﬂ%ngu%%geﬂrﬁgﬁsing or

effect by the addition is not recogni ze
tegouNte of the nonoval ent nmetal conpound is within a
range from0.02 to 0.4 nol (2 to 40 nol % based on one

mol ofas the RatReAYT CtEEDHISy ithe B@1vanized steel sheet by
et hyl ene-unsat urated carboxylic acid copolyner. \Wen

thdesarity tafedthiegmabyahtcenpoundl hde |88 dfhanobm020ating
mol, enulsion stability is insufficient. On the other
mésighnskls Whigr idxaepdeedslifpdngpl sptée duegrioscop soly cobting
the resultant resin layer (particularly to alkaline
cao| e iwsed 4 ndreddes dippdeyenethad ¢ the sdeeloshert is
resi stance and the resistance to tape peeling after
preieedsihglingedc foirs abaut Pr &f ee rkll.sethe |Thwesplrpli toating
for the amount of the nmetal -33 conpound, is nore .
neERP@rih|8 MPIE3 Pisiferard, nethedefor mremetdpioy the, yeaction
pol, while the upper, [imt for the ampbunt of the

WHER 2 LRGSR B8 Lo 8 YBF ef 8RA? BT I TRt S&ﬁﬁ,y pressure
N f er ahl 2 T i
lﬁ%&%ﬁ%,ﬁﬁ%ﬁé%wp%anagﬁégerx*?ﬁaez‘@bzi%v@”%r Sugel

Ly i th f fqr, t
<L st B S s R e et Yo SpoPehBbe i Ty T ©-2

rSyboxylic groups of the ethyl ene-unsaturated
carboxylic acid copolynmer for emulsification.

Accor dishghy gut-kaks @Péat:ﬂ{éaf@fé %%ltvgﬁtiz'égesEQéPl sheet with
anount (anmount for neutralization) is excessive,
tBé NSer tdes Wree@Sny agbnth@e 881 5¢ O EEAPAY f@R 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 important 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 various experiments conducted by
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i ncreases abruptly to sonetinmes cause solidification,
as well as the excess alkali content deteriorates the
corrosion resistance and requires enornous energy for
evaporation. However, it is neither preferred that
the amount for neutralization is insufficient, since
this deteriorates the enulsifying property.
Accordingly, the total anobunt of the anmi nes and the

cBRYELERL LAl OB R BSel 3o d AL WY concent

o@f pt B? Fﬁlé b@&&y’%ér&:t g{f ;%ﬁ.:rii.nn lt?]llate ﬁﬁ%?éﬁ:% r}gﬁ-}éllnfl%tdj rl{%é/%‘.jf is

car boxyl'i¢ aci d copo € neutralizing s
. S ' { f e n n t . .
SCETLEL LA AN o J Mo KT el oa as 1o

. i.o i i t i .
BB oo Rl L) b yBSel oL S IR AR, 208 e
aBBheval et 5 netad &prm%%da%arfgés%@@mecﬁgaé}g%,_S%Hst

time to the copolynmer or the amne having t 1 1'ing

sBEhNtoREeh PVBECcddtRN thf pLRFErik8qadsete Pt emiOusIgE 0.5 to 15
Al t hough the reason is not apparent, when the am ne

mbaM! g the belklfergepotphteit | eneral tdran 100€ is mgldsd
subsequently, the effect of inproving the corrosion
desst shadcabans irhelee shstfareembaif e pe@dt rghd $hat it
sonmetinmes insufficient. In the enul sion conposition, a
becomss i akf fitcwagento dmvireg theoresisamcd uncttaprabeeling
groups_capabl e of reacting with the carboxyl groups
adferbhbhaled. degiendindl ended for chemically
crosslinking the ethyl ene-unsaturated carboxylic acid
copol V&t 16/ Apr Bee Phen steegigitedbbreNdopay r forhighe prior
amount of the crosslinking agent is 1 to 20 mass%
arhor Bhe prefedn Yy improying HhesoprFes LoD hasdstppret péter
lid content, of tiFnulsion C ositiqn. enit is
2fRelt TR PTIERT DroSBL VAR AG ePTeth TyFatngy treating
enl ongdi i s nsuffi.cient meki ng .t difficult
tﬁ% %%%@%%% {ﬂéﬂ%%#%gpap ZF%ngS?%gsgﬁé? c&?}SEFgﬁa%lng
ERL SLANCE: AUh U 'AYS LN, Bat : i
AGERLILRCRA I (A ENNES Pl EROLEE S Ty dauh M
phH8pn &£ OSEAd A NY 19RAS! L0k L1 NS T LRI ﬂ@éf?rcoa%Eﬁ@ée@hat
excessively to increase the hardness and the |ayer
tB@nsiptaddl ¢ttt was effective as the primer treatment
for improving the adhesion of the organic 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 (also 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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def ormati on upon pressing to cause cracking and, as a
result, |ower the corrosion resistance and the
coatability, which is not preferred. The ratio for

t he anbunt of the crosslinking agent to the

et hyl ene-unsaturated carboxylic acid copolyner is
pref erably changed appropriately change the anmount of
the crosslinking agent according to the amount of the

tRAEOMUL | he USRS Be! BEoRORD VI ardEl A Yuuodell® o gmall

crosslinking agent 1s pre erab

uH&é%g%é&“’éﬁéQ{tef B 'cxlﬁahg 0?3&62%%%%%% b B%%%Qng

mass par ere

aP@éf'&P}ieﬁr ro%%}rréa%tfn%n ahar tfhit;@ f{%é'dd}iﬂ)é?ﬁeme%d

having two or nore ftunctional groups in one nolecule

d§§P§§$f%‘Ho'é§§¥y W%t@ktglhgfngaéﬁﬂéﬂlﬂﬂé %&&%B%ea%geﬁtment

preferred exanples including, for exanple, glyci

FEF Otlfe QAU A I RG: t@l’é@%ﬁk ﬁkéﬁgo@gpytlsead‘k%geéﬁ@p&@movmg
pol ygl yci dyl ethers suc sorbitol polyglycid

w@t@ﬁrsoldﬁléﬁiﬁdﬁ%@h@bt@obmghgdéE&ﬁlndﬂ|$ﬂbsphates (mainly
pentaerythritol polyglycidyl ether, tinethylol propane

ADOHyFDY, yoi dphtat hed, meom@rmyﬂ:@lqec@redrtghgcusyéremecsrder
and (poly)ethylene glycol diglycidyl ether, and
tpollggteasalyihe anntestsafidrazi andizly |tayrigp prefeairsdngange
crosslinking agents, for exanple, bifunctiona
deg¢rikihasopdhedsbyuéhraing, @' ledd scdtdnlleeriekaehdent in
car bonyl am no) di phenyl nethane, N, N - hexenethyl ene-1,
abkal b (HesiA tangiene deasBoryERteR)mod ifed layer.
di phenyl net hane-4, 4'-bis(1-azyridine carboxyamn de),
and £51 BReWBFSRZF Hh i HE Nediigeky SiPRENT apE $PFayigrg may be

c?? h$:g%£?2%{ 3$F|5%ééghg%£e%§$ %ngﬁxip%Qnging may be
I di
b b A ke g b hoshige o e
di I t
so LT fdest bttt b %%&%Hﬁﬂﬁﬂo%ﬁ-@'hﬁ $fgregients

c&%éi’@éd Ves el effacé”eggatiﬁberag&{te 19 eor e1of %he

crossl i1 nking agents may used Parti uIarIy,

pBEi&l o HoRURoE0RKAI NAPEr CF ASSIlHKIIRG t@gsebutSo 5 to
preferred. The pol yfunctional aziridine and

1 hogee f i atheoralseadifr Hippend ptand eneitrone tée t«B@ekl kedsing
may be wused together. Silica particles may be

timeotpattated 0.5 ap afosat aid Sthe 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 layer

_28_



-36 to 40 mass% (nore preferably, 20 to 30 mass%

bei ng converted as the solid content in the enul sion

conposition. This is effective for the inprovenent of
the corrosion resistance, coatability and flaw

resi stance, and also effective for the inprovenent of
the corrosion resistance and the resistance to tape

peeling after degreasing In a case where the anmount

of - the silica particles. is. insuffi Lent e .effects
w81 5oPEEe e TSR SGF e (GPRePCRARES BRAF (40 16

th t [ rticles becone
HEREEEEH G %fhéalév?edr&lelﬁ% 3bs ERs RHhHT T e is
p 2n ye t er f

"QrEok #%%e%a@l%“’eaﬁaf. Al ra%%“
theadsntPalfie hNETING Oleddie 9%"0311&'&{1 it

Furtﬁn @ I ca parficleg act as a%‘gﬁras (5s

fb?ﬁé§a§§ tﬂé“%ﬁf%Hdé”ﬂﬂédﬂanbhﬁab@¥efraﬁ§WE¥m§rf%om less

friction coefficient and cause abrasion to a die

sdutibng Asbs] et hon(Hmo,5hord eRtdie sohubeeOhl 1RO £ as well
For obtalnlng t he’ maxi mum ef f ect of the silica

apathkchessendss oprefeedtibat 1bher aver@ger gl N owezd
of the silica particles is within a range from1l to

d280tanthé netach rag el et fd dilkecgr 8bp sheez Dicidws i lpleted
particles exceeds 200 nm it roughens the surface of

sthfacesi NThayerend did idegetrdorabtathe deasestragian Hoaayape
and, further, silica particles act also as an

rabi dsgvef ter detlalordagreasd naor kabeordinglihe the total
corrosion resistance of the layer is inproved as the

dgpgsﬁtl@m zaneint el dihg cargacei vpdsfied shatereris preferably

since the effect described above is
1§9t %}GZme@rw%@ﬁSt heTBar EPRPe }Hnitexfiqtebiey deppeitipe amount

i Ere B bt o e Z#ux%'sﬁ «pef 92?%§crn%n and,
mgegﬁgg% %#%ﬁ Ig?%éesb%%anc %q{ d%g$%$3|ngg amount of the
sQreheLaRld; e¥ed L& fange %&agnéblegu%@d G itatively

Ica par (stal'l Own as co

BpmE sl %Ed*xmligﬂ X5l P A et o
eﬁamyﬁéptweﬂlﬁwréﬁé‘e%&ré G&heakCahal PEUStLYd R D LA RS From
the deposition amount assuming that SiO,, AlPO,, Zn,(PO,), and
Al,0, are formed in the modified 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 pum 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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used preferably. The enul sion conposition of the
invention preferably contains a wax. In a case where
the wax is contained by 0.5 to 20 mass% (nore
preferably, 0.5 to 10 nass% and, further preferably,
0.5 to 5 mass% being converted as the solid content,
the lubricity, flaw resistance, deep drawability,
punchi ng property and resi stance to nold abrasion

' hi d bl.ackeni o
LEE T e IR, BB HPF ey R st Lsing
1} 1 i J | < |_k) .
v?{:l&ﬁ@ @P&ﬁ%feqna{t:e?lghlast @%ﬁﬁé Q%ﬁ%%%ygfgﬁqxe RS resin,

is not” preferr S
| i .NC [ fteping -l quefj r .
SO e IR IRIRY SRRl SIS SR DAt recin

pb E5éFh | BYeL @égﬂiﬁ,h%iq%bhngeg?ﬂ,effﬂﬁaﬁa Laat] ngor at

the boundary between the surface treatnent |ayer and

ahNEop BS4 ) rd METis WaGha@ehebh OFR Sl GO RBIFARY layer

resi stance and the resistance to tape peeling after

dfege €B3 i 6. byl ReLe JfS otBepalbii;éHl ar restriction on the
wax and any of known waxes such as natural waxes, for

exanpkreondi ¢hem, Caystafddde Mt caNGapabai bl WBXel sheet
synt hesi s wax, for exanple, polyethylene wax; and
havixtarasrddiar defyerarforaedsed. al $pési £i38 preflerioad to

sel ect those having a softening point of from80 to
cAMOEs it arosts pr éfogrooced Waxersia sphrimal. pahgekhyllsten
wax, W th an average grain size of 0.1 to 3 gm(nore
CopRP T By uEdB fiogy fogmihy the srésimeemese (tpcoat layer)

lubricity, ,the punching property, the resistance to
C%WEF%ﬁﬁ%ﬁﬁQnﬁﬁhﬁ}QH%§unéégbr@F%@%ﬂﬁIDQ%Nhiﬂwa&é@ gpPovEder

remar kabl y,. As the spherical_ polyethylene wax
(%Jo‘?ﬁm“rrbc'r]d'?/djﬁ}%d@@t? ¢ nnﬁétﬁé%ze%r%%aet@dbla;ﬁ En8ed8i ng,
 for xaqple, "DIJET E-17" (manufactured_ by Goou
LIRSt s talpgeap amipeRiaving i) bqdygng: point of 100°C

ok Wcitnuﬁ df%%qug%%ﬁﬁg%‘%ﬁén ”xg%géc{ yo..%gﬁ)b.o?.\é\f%i\% B’ézo to

88 o (HEMATARn o358 hBe be LR PO B e
Chem cal Co.), an "ELEP_ g%{ #%hy#g%F'Fe§¥b§hﬁlkka
e Gherd el urd tur st %aybék?m@og@m%dp@lyué%q bnmbR8valent
invention preferably contains the

net Ay | @goditshtiw ahedmeahboxyt&s@biding 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 mass% of the solid content of
the emulsion composition. The emulsion composition does not
substantially contain ammonia.

The resin layer obtained from the emulsion composition

described above is excellent in various properties such as

coatability, lubricity and workability and conductivity
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copol ynmer, the am nes, the nonoval ent netal conpound
and the crosslinking such as aziridine conpound as
the essential ingredients and, further, silica
particles and the wax used optionally. It is
preferred in the ethylene-unsaturated carboxylic acid
copol yner to adjust the anobunt for the aziridine
compound, the silica particles and the wax such that
edients |

SR RS D TSN e oo
SR CHE RS R L
BBt Hep 9RO TR 5, e EstenLial nonedept, 10 ot
£RIREEN £0En L PP AR OLLARR! L DPRLLDS, LM A

3@Btal conpound each appropriately in the form of an
aqueous solution or the like (either the amne is

added THY @HEUEN-BhshREr 20D eéafﬁH%X#E% ggﬁgxgbggggmer is a

nmet al conmpound are added substanti y at

cbbBBYmaRdot heth gidrd i ahhﬁﬂbﬁﬂgfét@dh&&ﬁbéﬁg%ﬂg R%id such

force. The silica particles, the wax and t

agr easthn&engl Bgeddidmy The adgedyabr adyn $&Idbtdied bl
is preferred that heating is not applied after the

patiginetrdadion heust osslad o8 BYERL tefPedst i HiQh pressure
proceed the crosslinking reaction and cause gel ation.
pbhynbel eatl en qrr ezosi Then codbll uhéngi s ahoetpreidrably a
preventive agent, |eveling agent, defoaner,
rpbdenr aepohvegieiiut idnmlayi kilep, béi & bIackigupddivther or a
col oration pignment, viscosity inprover, silane
CeBRpYReY okl Wikt aresinsatiipted pavperylic afded meiietiynis
a range not hindering the purpose of the invention.
IRAFFBUs IR DI MOPPES Tt REEN cah DEORY anfe@T WrbHtene
composi tion can _al so be used when other 5

the, enul sio %
maght CSDOETY i DI L1980 tl BEAYLFRE ng RHERGFpcoaher known
in_ |  Th in | be formed tal
vifiglic pienener My e PRl ET by CoRRbaTeE et D phRYT 10
, t , | I heet b
n0OY %o OM A0 ULl U 2URHBCESE P4 AQE: 1)) Tincd BEFbORY o

tBOr BNvEY Qn CUMR RobbQWereoahh g e ¢ el wadek vrated
heati ng. The tenperature for drying

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. Amines 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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under heating is preferably at a tenperature at which
the «crosslinking reaction between the crosslinking
agent used and the carboxylic groups proceeds.
Further, in a case of using the spherica

pol yet hyl ene wax as the lubricant, the drying -40 is
preferably conducted within a range from 70 to 130C
since the workability in the subsequent fabrication

' bl th ical_sh i s. kept.
ﬁ[ﬁ%%é%%%%ﬁ%ﬁaopfﬁ e %@ﬁf@@ﬁ2E§§'e%?‘araac§tea§§es%ﬁsﬁq;%§erlower
U B PO O Bl 8 BB S M By o

. t j, Ffd.cul PLs i ifficult. to.
AESLIARES 1 AR boplelLib LT ibfip e
(ST LY SRR Bl AP B go o

s X , .S . .
ag?@% n%lzli) %dg&nc 0 ﬁgg F\E/f t 5?1‘}'(?% grthel 84 fl%céc cf %o ggRalids Fmeyta was
nbt réed@ii Pt athe (RMPBXAIPLE, né N1 A8 &findS&mhBhia.

conmput er housi ngs. Further, the peeling anount of the

Thesbail ay@rpoiniC iRases aUpen] PheSsd 1ttt ihdedUs® atmospheric
deposi tion and accunul ation of the peeled |ayer to
ptéassdre. t hereby causing troubles in the press
nolding, and it is wasteful in view of the production
cost &pemelfic éxampkepref erlreednliower hhivihy & dvoilirey point
deposition amount of the resin layer is 0.5 g/n2 and a
ofiol @08 efredpedrupherelnafter @ rgdnBo AsSamiBes) can
_treated gal vani zed steel sheet as a nost preferred
1Rehede r saivd o nentiany camiigs ehichi med thyethyl amine,
form ng the resin |l ayer described above on the surface

NS IRy Ryl pRdngyr Faledineh daldaly aniined Nteel

R D R AT
R sttt g P 5B o A A SRR e Bt E AL on
il R G D e S T L )

ad1e¥BsARl eiti T @ObYR, 1 At Bhd, and i Bxegkhent s Lo, the
resi stance to tape peeling

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 80 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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and the resistance to tape peeling after alkal
degreasing recognized at first by the present
inventors as the subject. Further, in a case where
the | ayer obtained fromthe specified emulsion
conposition is selected as the topcoat |ayer, it is
possible to provide a surface treated gal vani zed
steel sheet formed with a layer excellent in various

8 A Treye Bhnarieat cnereeafanel, bagiridel o the
ogf‘fé?tﬁ&%ngﬂﬁ% e)ﬁccelelx%%edlsn t em§agg§ba2ffsncgoos tt(flpf the

€ reS|stance

e@k#gi nd&%@&%%iﬁ%gé&néggggg%nggy50$£% %se q}atlon,

Ive generally as ace reat

wHakya ézl%"t Sﬁ]f@fer%%\e ‘“f'ﬂ%crﬁ@b Srapphi Cafl €. andillt of he

exanple, to auto Fectric appl1ances “an

huibgi ng rﬁ@f@rﬁxaé&rabigyeo' BVEHT | 9 Sfdlocx&]e: gef%gre'x%%gg

nmore specifically with reference to exanple ut t

0l BVEST | OMA irfot0 Mk r@shr i6hed 11Rit hfof OAHeO\MId?ﬂmt of the
exanpl es and the invention can be nodif

aRppeopis ad e oM thin a range conform ng WI t h the gists
descri bed above and to be described later, and all of
the modi ftheabireparat ton net uded apdlRiiont Bempeshnisd) a
range of the invention. In the follow ng exanples,
mdfgvabeht pestasl’ imeans alsasadédandriiesis pafleg’tivel €88 the
ot herw se specified. Experinmental Exanple 1 (Nos. 1
improwgment? @ltenispétesteetsshbatce eac hfidpphaedneissh The
zi nc flatlng by a deposition anmount of 20 g/ nR by an
neneva+¢rt m%ﬁahg:orr@@pnddpéﬁfeh@b%mre@eldﬁs &St gl more
sheet of 0.8 mmthickness (part nunber; SECC), alkali
m%@%%a%%e%ﬁﬁﬁ O RefeHMnaBPRRISS By and dd- thama, usad

rawmaterlrraFi sheets. Surface freatin agents each

hy ?“T‘l’g SIHOBARS BF aﬁlﬁﬁ%e SFR& T4 aaﬁ g preferred.
BT O R PO ¢ (O st o b e
R e Mt et

pi9L1 83O 1 heﬂDvaqggtA%etglst etﬁéﬁudégﬁ %Q%%% wag
changed and t'he content for each of S,

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 mol, 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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P, and Al in the surface nodified | ayer was changed as

shown in Tables 1 and 2, by changi ng the anounts of

aqueous solution of al um num hydrogen phosphat e,

colloidal silica and water, and optionally adding

phosphoric acid and netal alum num Each of the

gal vani zed steel sheets after the degreasing was

di pped in the surface treating agent for 2 sec and
Ile ft r i ng, an_exce qutlon

%ﬂfﬁguﬁﬁl n%er}rilcprr olq%ejf\%ial}a§r % %nﬁg mg]ntie? @[ lfrtj‘

pPLESRUL Ly ofy 50 kha hqgtelf Ié:Yl% 8Bfe ?”Puﬁ'ﬂ egoﬁatttheogmo%nt of

orma s rface nodi f1ée he "ZT hc

t Qyﬁﬁét%i/\btts&ﬂppcgdr@'l@ %Sl:errg)'fef 9&89 te(Sj gq{oll\bandzg furllther

arately,” a ¢o I on or form

EQP§P§$lreS¢r21&§Wer was prepared by blendlng and
stlrrlng an epoxy type crosslinking agent ("Rl CABOND

AP355/ e %%H%EQCBHﬁeghQVmSEBWEléﬂﬂ“ﬁéﬂﬁqu%Bﬁ og?d)ﬁggcrlbed

5% as solid content (value based on -43 100

abOé da Nt & Wi tHiRe tEHRIMPeSEL P8I findOr M NG HNmount as
topcoat resin |layer, here and hereinafter), silica

deactilbé@Sab®fe Ehd ahdy AMegtakld 8bZend I ENMEDL ARG he
manuf actured by N ssan Chem cal Industry Co.) by 30%

casbsoyl te gy cafhdthes pltarileab-pos yeitytenearoxylic acid
(" CHEM PEARL W00"; nanufactured by Mtsu
cthehymat ' £or )ernl H%biastdohi.d Boadedindy,a itpalsyeloefin
di spersion ("CHEM PEARL (registered trade mark)
peaderreduihdtacihe dotiey Bipowontc Cawoumnal f@o.Neuthsd i8ation)
conposition was coated on the surface nodified |ayer
ipfesaepsived ldiceedhst gdiscordby oy B wodtding cemposition
dried under heating at a sheet tenperature of 90 for
inpECHT RS AFWbt O SereidBes  gare) Fg%v&rﬁ ifaf igneeps well

ts f d th th t th th
R T B e
gfggnens WS obt.ai ned evaluation t

Eiht e 140 W Rt o TRy e Sy (£ eva%org}if&om
Hwesgf ng faced rt%aete %ge%%& gaoehaélh@l N TR, T2)

int sur ace nod ayer the

né@ﬁ?éllEE%EEﬂt'é“lﬂyﬂ¥fyblgﬁg/ngln&% Eﬁ%%sﬂggéyﬁarates the

nodi fied ['ayer, and the resistance fo tape peeling
e@ils i P@i K@ S Bes; 1 0Al@BRdingly, 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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peeling after alkali degreasing, and the results are
shown in Table 1. [Evaluation Method] (1) Anounts of
Si, P and Al The concentration for each of Si, P and
Al in the surface treating solution were neasured by
| CP em ssion spectronetric apparatus (manufactured by
Sei ko Advance Co.), the anmount (ng/nR) for each of

Si, Pand Al in the surface -44 nodified |ayer was

10T rsited P EEaR b o9 G D o AR GF, 7O
' T I it t [.nR). of

-bEEREEL ol Tl 5 1 enRs han arpins (AR o e
Bt Fofie Rl Bhudeafbil e tuid G Sy hyihe the

[ 1oL t.nat ;
o PRI Ths LRI} 0 o A R ey e
sBRItihed 1Y eFricile) Resistance to tape peeling After
appending a filanent tape (#9510, manufactured by

Surionnledl km@lsiBe sHhbEsEr Min 2 4 €3 sHA8EGHKARY gggnt

storing the specinmen in an atnosphere of 40C X %=H

h&0Ingd4thouss mere ARdtabhsl bb@uﬁé'é&ﬁ%ﬁléfﬂﬁfﬂ%ﬁ%ting with
peel ed, the ratio of area for the residual topcoat

thayearipasybbssyued aranthlehdedr esTE &nte weshdyaltdat ed
according to the follow ng standards. (c): residua
chanhioallP08sdbsliikimesittieak thal ene-@58a touramye aitthoxylic
| ess than 100% O: residual ratio, 90%or nore and
ated scopahyigsnstd imprioealtheastoengtoof e eleayed .| eShe
than 90% X: residual ratio, less than 70% (3)
arentt afclehe conagsd ipkdhiongaant e s degreadd mpsafd dmore
digping a test specimens into a degreasin sol ution
PF@ ﬂﬁ?%hyan5éﬁkdﬂlH@é@ﬁéaépnéoﬁg@ﬁﬁsf"Qi-ﬁBB&@%ld content
gapufactqged by N ppon  Parkerizing Co.) was adjusted .
°F oD SPHIS " EEEPFHAPRg ufhERel SpkTi HRAT P daf@ps?
rinsing and %E i,ng the sa .a_cel | ophane, tape L
CERBRHTSEET it 15 N ehitBEn O EBL S heROM R det P cient,
méHI&&CEE‘%iEfﬁ%ﬁﬂ%e%b”EQOQQer§ﬁéegffect 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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There is no particular restriction for the crosslinking
agent having two or more functional groups in one molecule
capable of reacting with the carboxylic groups and preferred
examples including, for example, glycidyl group-containing
crosslinking agents, for example, polyglycidyl ethers such as
sorbitol polyglycidyl ether, (poly)glycerol polyglydicyl
ether, pentaerythritol polyglycidyl ether, timethylolpropane
polygrycidyl ether, neopentylglycol diglycidyl ether, and
(poly)ethylene glycol diglycidyl ether, and polyglycidyl
amines; and aziridinyl group-containing crosslinking 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(B—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 corrosion 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. 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, 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 nm. 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”,
“ss”, “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 is excessive, since the wax is sbftening -
liquefied or bloomed and is thickened at the boundary between
the resin layer and the coating layer after coating or 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 pum (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-200”,
“W-300”, “wW-400”, “W-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
optionally. 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
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 the
crosslinking reaction and cause gelation.

In the emulsion composition, 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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Fubshiéf | cirend .caad whetls ehet hgyef eshisd ANGE Aront PR
peeling and the resistance to tape peeling after

spékafiedagnaasiong compesinieni 0 §OLédase 49 thke topcoat
exanpl es of the invention. Nos. 24 to 28: since the

lepecenit atd gossfil eSitp Broflidei & $ilnefste ftace teadighyivagized
agent are partially or entirely excessive, the
stiepbsihidéan fammed wittor aSlayer amgcdl lent tie vaguohace
nodi fied layer partially or entirely exceed the
Tprafeantiad maprantdes, sual bat poatrbrkigint dnbericdtyape
peeling and the resistance to tape peeling after
weF ka3 L et reas iqeg rogieni AeaiFeanee tdfodeeldf ashe
exanpl es of the invention.  No. 29: Since water rinsing
oykst 1qﬂﬁMiQ§$ellent 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 automobiles, 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
modifications 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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an excess solution was renov
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water at a spray pressure o for B sec

aﬂH'd%iedﬂwe@@:dﬁédfQ%”kﬁwrﬁ§€§%15¥“§Hé3%§ ay%ﬁ%fﬁ@eztféatlng
plated layer. |In the sane manner as in Experinental

ader®leich R¥gRALIAG at RExPHAS eSIrAs LREGUISPeE18bONR, of

surface treated gal vanized steel sheets formed with

alhopenad Hyaregenwehe sphhae nefan@adtureld theNtiepbn Chemical
speci mens thus obtained was evaluated in the sane

Ity & .i,n SEgpepilaentaht&xanpl e Ml it ke lieaul( t SNOWTEX -

are shown in Table 3. , N, ~, ~, ~, ONNNNayf f EEN~~ ~1yO
O'ONVManuactO@edl byl Fissan 1Aidnmidcdl]l IntidAaQ000000ardXxuxter
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.

Each 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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100% of the solid content of the composition for forming the
topcoat resin layer, here and hereinafter), silica particles
of 10 to 20 nm grain size (“SNOWTEX 40”; manufactured by
Nissan Chemical Industry Co.) by 30% as solid content and
spherical polyethylene wax (“CHEMIPEARL W700”; manufactured
by Mitsui Chemical Co.) by 5% as solid content to a
polyolefin dispersion (“CHEMIPEARL (registered trade mark)
S100”, manufactured by Mitsui Chemical Co.). The
composition was coated on the surface modified layer of each
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 Si, 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 Method]
(1) Amounts of Si, P and Al

The concentration for each of Si, 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
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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 Si0,, Al1PO,, Zn,(PO,), 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; 90% 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-N3645”;
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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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 form ng the topcoat |ayers were obtained at
first by spraying (under the sanme conditions as those
in Experinental Exanple 2). Topcoat |ayers were
formed to themin the sane manner as in Exanple 1 to
form el y, an .emul sion of

an etﬁgig' ol tgegglFgggg%?ﬁeggpgﬁ%uﬁﬁyﬁﬂiéoabtaFﬁe8369 of
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emul si on conposition was prepare Iéhdi i'ng an
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Ink Chem cal Industry Co.) by 5% as solid content

ifvat Ler biasathedresiG@Unet sel tgpéofaémdgraﬁdﬂe_«e%%ltghee to
conposition, here and hereinafter) and an aziridinyl

tgpeupeebniqiafitry degsebshkiypgcomgerdd (whth -thieS examples of
(ethylene|n1nocarbony|an1no) di phenyl nethane
theHenwantierDZ- 22E"; (DZ- 22E for short) ; "CHEM TI TE"
is -52 a registered trade mark; manufactured by N ppon
Cat al Yo -C80) toby3 585 aisexwin It omt ehtichasha addition

crosslinking agent, silica articles with a grain
ameyRtprion Flg 20 oM {’xlSFlENWFE& m&rtlald&thMne“elyyreach

Ni ssan. Chem cal I ndustry Co.) 30% as solid content
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61 to 72).
examples of the invention.

Nos. 24 to 28: since the concentrations for Si, P, Al
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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Each of the test specinens thus obtai ned was eval uat ed
in the sane nmanner as in Experinental Exanple 1 and
the results are shown in Tables 4 and 5. In the
Tables, PAl is polyacrylic acid with a wei ght average
nol ecul ar wei ght (My) of 100,000 to 200,000, PA2 is a
pol yacrylic acid with Mv of 20,000 to 30,000, and PA3
is a polyacrylic acid with Mv of 8,000. The

b esin _| su i f er
eggégavgﬁ‘?%gpxoédéé‘eem{dﬁze@E%u_%iuh@‘s. x{w&ff& {Efed fd 84 tahset,

neasure and e analysis
INY b . '
R R R L b R
= . LiLaht . :
obLPELEoRLAPRELP e Rl o088 LiE oK) Utk ve apgunts
o¥apOLngeROSIALAHY 1/l stBESA! Ubi PR OS] iofly GPthy B3kals
Nunber of accurul ation: 500 tinmes Apparatus: JI R-5500

dggggagpyéiﬁgstﬂ5ggﬁornation | R spectrophotoneter
manuf actured by N ppon Denshi Co. |R-RSC110

EXPEL EeEh 0N NBAEIN® URok .(gar-abge angle type)
| R- SEMLOO speci nen switching stage A peak area at 1496
cm t GukfFaGechbdidica Sipets shaed prwdalredobgddsih®met
pol yacrylic acid was subtracted froma peak area at
digpbngnbut csdrekbirond frmtaist eeftshesbpray iy acdht bdn
of polyacrylic acid and the bal ance was deternm ned as
sanfabsot bamttimalerderds Prfotrheheoppd yacigns cshasind innTehée 3
surface nodified layer. Fig. 1 to Fig. 3 show FT-1R
(speptratiomamithad Udgatiche Workgbkpeyr bondiali dxempde 1) at
No. 38 described in Table 3, No. 52 described in
aTaRF Y P ERP Wi UM O Ppaéry| 4t 8T st AMRHIELSSSOLREAPD Was
2 is a__systemcontainin

rBRAVER BHeh SHE IS FPdde) nEhehgoheY Mk A ther washed
WERE AL GhEh it SR ER oS bt SQ0keH v 1 Eeand dried
SO R (9 2y 8 RO SRl h ROl eCrl € 8PLd I
Iﬁ‘EHetgﬁhe 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 obtained was evaluated in the same
manner as in Experimental Example 1 and the results are shown

in Table 3.
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Experimental Example 3 (Nos. 49 to 72)

Surface treating agents of the compositions shown in
Table 4 (also in Table 5) were prepared by using mixed
solutions of the aqueous solution of aluminum hydrogen
phosphate, colloidal silica (“SNOWTEX-0" described above),
three kinds of polyacrylic acids and water. At first, the
surface treated galvanized steel sheets before forming the
topcoat layers were obtained at first by spraying (under the
same conditions as those in Experimental Example 2). Topcoat
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, and
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 one 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 CR5L”; (CR5L for short) ; “EPICLON"
is a registered trade mark; manufactured by Dainippon Ink
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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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 pum 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 topcoat layer by bar coating, 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, PA2 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 Table 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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It can be seen that the organic resin-added system is
more excellent in the resistance to tape peeling and the
resistance to tape peeling after alkali degreasing over the
conventional non-addition type. Further, it can be seen that
the examples formed with the topcoat layer comprising the
emulsion composition neutralized by the specified
neutralization method (shown in Table 5) show outstandinglj
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 amount 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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resin-added systemis nore excellent in the

resi stance to tape peeling and the resistance to tape
peeling after al kali degreasing over the conventiona
non-addition type. Further, it can be seen that the
exanples fornmed with the topcoat |ayer conprising the

emul si on conpositio tral i he specified
neutralization nethggﬂggﬁgaﬁhﬁﬁ%$gﬁﬁg‘5) show
outstandingly excellent resistance tape peeling and
resistance to tape peeling after alkali degreasing.

I ndusty i [ i LLjst  nce e .surnface nodified
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aOpihoemaLlyd @b Pani e 83 1, (LG K esListaNes (8 lape

peel ing and,” further “the resiStance to tape peéling

wRéE8In Bh&adir FR9 eR¥HiNd edf Qagége&bﬁf‘éinf%ﬁh&g@@ Y 30 mg/m?

the selection of the |layer obtained fromt

o8P8LOf iRd ngMebaiyent6QNPOSEL ) Ofrord D 1@ ot ABCAGYm! A€ and
surface treated gal vani zed steel sheet fornmed with a
frayed. exeel1®@nig/mi yarAbus properties such as
coatability, lubricity, workability, and corrosion
resi stance and al so havi ng outstandi ng performance in
the resistance to tape peeling after degreasing step
2¢an -b&hsr swirdede Theatednudbcanirdiaty seeflodhaetoadeording to
to the invention is suitable to production of a
csytfate Wherrisd the vanitead dress siekr) fweldcdnefi i, P
the resistance to tape peeling and, particularly, the

apd it SR IR de theestingaset BPAhf ied i Lawagr sadiisgies the
f-§7 VWHAT I%- Al VED | S:
ollowing relations (1), and (2):

0.5 £ 81/P < 20 (1)
0.7 £ P/A1 £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-I.

5. The surface treated galvanized steel sheet according to
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1. A surface treated gal vani zed steel sheet having at
| east a surface nodified | ayer and a topcoat | ayer
formed on a zinc-based plated layer in a galvani zed
steel sheet, wherein the surface nodified |ayer
contains from1l to 30 ng/n2 of Si O2 being converted
as Si, from0.5to 15 ng/n2 of Pand fromO0.4 to 10
ng/ n2 of Al. 2. . The surface treated gal vani zed

St R R R R
bUF TR TPl ALV (BRLESHLSR A0P ] iR
<5(2) 3. The surface treated gal vani zed steel sheet
according to claim1, wherein surface nodifying agent

6furthqgm§§ﬂ&%%2§ gge?Egﬁné%&iﬁﬁﬂékd.% egﬁeﬁggEEaggcogéing to

freate vanl zed ste accordi ng clarm

cg’g%ei,n &Jltﬂc?ré)frgqmc?cft:o S0l $,60Pt Al %%%ﬁ?ﬂétag/%k € ained

sor bance derive mthe structure o gani c

£E881 Bn BREPIRSH GohddR it3ouheBmbhes s fac & tmRdidieed

| ayer is observed ‘under FT-1." 5. The surface treated

uflgh vanized éél&ﬁixﬁhj%etacéﬁcebﬁbngmé@ ad& @la@imMihgredient,
wherein the deposition anount of the surface nodifying

thgeatul Sioh tdbnpds irtdRge cbhefids 2 1® B0 tiio €helhe
surface treated gal vani zed steel sheet according to
ethal amd-undweinetatdoheatrbpeoatcl aybd ¢l ynesd, N anayeline
obtained from an enul sion conposition conprising an
hethyd eacboihnged Wwodingd oFalbokyldrxc lagied dapahyamrouss &€ 0.2
mai n i ngredient, the enulsion conposition contains,
tpnOaBidnel dreges tdre oBeetihy| efecarieen Yiiat ey aswsboxythe
aci d copol yner, an am ne having a boiling point of
ctbpterefRARYI T osh CRABANRYL6F BCH P el apased on
one | of carboxylic groups of the
MERRYF LFRE (PR LrHTERE CERr BBYGR | BN oo 02a58 4-4
oval ent netal conpound in_an unt of fromO0.02 to -
nge S ST SRt G IoRE hBF GRERETIE A4S Otadhds Sopy ene-
uﬁggtgfgyéﬁwggrboxylic 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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unsat urated carboxylic acid copolynmer; and the
emul si on conposition further contains a crosslinking
agent having two or nore functional groups capabl e of
reacting with the carboxylic groups in an anmount from
1 to 20 mass% based on 100 mass% of the solid content
of the emulsion condition. 7. An S1Q2-contai ni ng
phosphate surface treating agent for formng a
surface .mdi.fi,ed |Layer on a gal vani zed steel sheet
mhere%ﬁ”?ﬁ%ogglid4c Acentration is fromO0.01 to 14.5%
(mass% .her d_hereinafter) and the anmount and the
conpoé%fi?ﬁgp%%rat?égfnass ratio) for Si, P, and Al
cont aijned e_ kreating agent can satisfy the
foIIoﬁpﬁgoéggg?tioﬁé$°-59 Si: 0.002 - 4.5% P : 0.0005
- 1.5% A .0,0001 .~ 0,5%_1. [ 60, 4.5 < Si/A
<_ 234'&.STﬁg/gugf%%%‘%?%égﬁﬁéigggn 5chcording to
claim7, wherein the surface treating agent further
contains an organic resin. 9. The surface treating
gagent TRGCRGrAGet Breh el Yy &agaterRidy e OgaR §ihesi N
is water soluble. 10. The surface treating agent
wheeeldi fige tirtdatientGeatWigr 8y8nt heuPFIaN| CotRSINR a8
contained by 0.01 to 3 g/l as solid content in the
osyaficerdsgigat i ng agent. 11. A nethod of manufacturing
a surface treated gal vani zed steel sheet according
to claim1 which conprises formng a surface treating
agent layer on the surface of a gal vani zed stee
9sheet Ty shafsgef breatiratdgrptageordésgr tbedlaimcd ai m
7, applying water rinsing to renove excess P and/or Al
whepsedn the qindaade wesani Ag waker $salwledrying the
sanme, and thereby form ng a surface nodified | ayer
12. The manufacturing nethod according to claim 11,

erein the surface treatin ent layer is forped b
l@grayT gaﬁpﬁggce treating aé%ﬁ%gaccor ng to claim 8,y

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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