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[ Docunent Type] SPECIFICATION [Title of the Invention]
SURFACE TREATED STEEL SHEET [ Technical Field] [0001]

-5 The present invention relates to a surface treated

steel sheet suitable for use in household appliances,
buil ding materials, or the like, particularly to an

environnent - fri endl surface treated steel sheet for
[rrwnentHypel SRRGIEIGATION ed upon production and
chromumis not contained at all in the product. The

[Ayslel of ¢keet Ingentivindi SBIRFACE TREATEShS TERRSEEETPat ent
Application No. 2006- 10 343531, and the content of
[Tvhattal Bieldjcor por at ed herein by reference. [Background
Art] [0002] On a surface of a zinc-plated steel
sheet (fgypjuse in househol d appliances and buil ding
materials; white rust may be formed under a salt

Z? oo B Py VantEn R Bt et gH ”h?ﬁ?nswtable for use in

%here In this case,  the appearance may

%E‘P Hengps, duildinegnajerials. or thedike, partipyarl qunemwrﬁgmﬁm—
surface of iron base nmay be |owered. In the past, a
foenddyrsudiadsetreatedsee] sleet for sdiiohechromiyanis oo nsediupon g»roductlon and
chrom um has been used to prevent white rust. However,
cheguilial is aosconfaindl AaH iNdr preen significantly

intensified in view of problens of effects on

envir Cf‘ﬁ%ﬁ#h&ﬁén R 2PH Y oD R inesd PeichiA FEIRAAGE Rol 2006-

this, devel opment of a chromumfree surface treatnent

33980yt aH&iﬁ}eQ:%ﬁ{énp P\Sﬁi@g fsthc{ré&,

3l d for
treating the sur ace [ﬂihc‘::’r n?%m%ljggwlth a

hrom um free surface treatnent agent, in Patent
[gﬁw I'there disclosed a nethod for treating a 25

surface vvlth the use of a netal surface treatnent

agent [@¥R ai ni ng a specific silane -1 coupling agent
and a phenolic resin-based polynmer with a specific

st r ucQuresurface BPA4a eint-plddeatstest shee? fortuse irchaliseledld apyliaaces and
nmet hod for treating a surface with the use of a netal

batlding ¢Ratéri 26 WRRtruS Ge4) bedfoth&l Wides a SalbtdrptheROURICh A sea water,
agent, silica, and a specific netallic

containing atmosphere or a high temperature and high humid atmosphere. In this case,

the appearance may be significantly deteriorated or ability for protecting a surface of iron
base may be lowered. In the past, a chromate-based surface treatment agent containing
chromium has been used to prevent white rust. However, regulations on chrome has
been significantly intensified in view of problems of effects on environment and the
human body, and in response to this, development of a chromium-free surface treatment
agent has been proceeded.

[0003]

As a method for treating the surface of a metallic material with a chromium-free
surface treatment agent, in Patent Document 1, there disclosed a method for treating a

surface with the use of a metal surface treatment agent containing a specific silane
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conmpound as the essential conponents, and further
optionally conprising a thiocarbonyl 5

gr oup- cont ai ni ng conpound and/or a water-sol ubl e

acrylic resin. Further, in Patent Docunent 3, there

di scl osed a nethod for treating a surface with the use

of a netal surface treatnent agent containing a

apppling agentwendes Pheaplibresingbasepelymapwith a15pecilic ¥mgtyponln Patent
resin, a phenolic resin-based polynmer with a specific
Bd)dumﬂnuﬁ,ethera rikchsepemefhiod fortredtinga surfacepeitinthe uke of a metal

[ 0004] However, the above-nentioned nethods are not

subfacd QE4tBSt a@exfnl dofalriia4 bildhe colipliy zeht; Sifit£RAnd a specific metallic
resi stance in place of the chronate- based surface

éo?rﬁ)%gl{f%? wgggs@:}xtlal chHgf'i‘egn"té %Hch ﬁIrthe? 8}?6(81‘311 Qorﬁgﬁélﬁ%g%&arbonyl

r ned orr

resi st ance after degreasi ng w kal.i, .

SRR FYBHBINS FOgPO =l ‘t’%e T*RE! h‘?:‘ﬁ FB‘PFL\? éesrrr | further, in Patent
Consequent |y, devel opnent. of a nmethod for treating a

Legumeat 3 there disclosedr msHiod for freating asyefacewith thetuse gf a metal
better than that of a chromate filmand not contai ning

suhfaceireatmefitageitaentatinga sigedifid WadHiolutite rasineonwater-based amulsion
method for treating the netallic material surface

resif} Sptitnbhc fb@m-%e&i%l?ﬁbﬂﬁlth lakp&afie ttudias Wit spéeific metallic
there disclosed a surface treat ment agent for netal
h?)% gd by blending a cationic urethane resin, a

cationi ¢ pol ycondensate of a phenolic conpound, a

Zi rco[@%corrpound and/or a titanium conpound, in an
aqueo dium a surface treatnent nethod; and a
surface treated netallic materi al at.ent, Do mant

5, t hetevayies drrhoye-sentippgd eaﬁhpé%eerl%gf iﬁeﬁvne@ lmpartmg »
prepared by bl ending a cationic 25 urethane resin,

high c@msmrp@slyt@mﬂiem%e of tfe cirgrhaterdased surfagediteatinent agent- In
zirconium -2 conpound, and a conpound contai ni ng at

pagticilarpii@rosiRinaksistance of ectafchedparts, anlitfornfdd, patia, or dvkrosion,

Ni, Zn, Sr, W Ce, and Md, in an aqueous nedi um a

r‘éMEtEﬁ'ééeaﬂeE @@érgﬁiﬁ WRE BREli, is 85€rigrafdd s 36/ th.t"e&@J ae chromate film.

metallic material. In add’ltlon i n Patent Docunent 6,

é&ﬁé eqlt ?,Cdnglﬁgmgm'B%%etﬁ f‘o@?r%aﬁﬂé?%mg hgxgﬁgta coxgosmn

prep Ing a ca 1oni Cc ur ane resi

rt‘%?l%t'aﬁ?' Cu%&&%%?m@e Lt fe%ﬁ%z?ﬁ% g PR Shgipine tyomium
ég%eg}eéearllan%gcllect ed fromLi, M, A, Ca l\/h Co, Ni ,

[0005]

Furthermore, as a method for treating the metallic material surface containing no
chromium, in Patent Documen’r 4, there disclosed a surface treatment agent for metal
prepared by blending a cationic urethane resin, a cationic polycondensate of a phenolic
compound, a zirconium compound, and/or a titanium compound, in an aqueous medium;
a surface treatment method; and a surface treated metallic material. In Patent Document

5, there disclosed a metal surface treatment agent prepared by blending a cationic

urethane resin, a cationic polycondensate of a phenolic compound, a zirconium
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W Ce, and M, in an aqueous nediunm a surface

treatnment nmethod; and a surface treated netallic

material, etc. [0006] 10 [Patent Docunent 1] Japanese
Unexam ned Patent Application, First Publication No.

HO9- 241576 [ Patent Docunent 2] Japanese Unexam ned

Pat ent Application, First Publication No. 2001-31684
ppeErd. and e srEReurs conigining akleest ona metb selesied fom Li, Mg, Al Ca,
Application, First 15 Publication No. 2003-13252

Npae Vi, DocSnihCeddnd Mp sinesaqrmes arddnea ;Parfant treatment method;
Application, First Publication No. 2006-118012

dnBatsarfhclaetstanttaliic ndapedes i dddarcdin BderP@oRGinent 6, there
Application, First Publication No. 2006-152435 20

G0, LRl SRABES GrARRETYERRRL g et s,
4SS NG SebC SR 168

above- pent i oned ihree nmet hods are not. satisfactory in .
COPBOPRE pRptaining b fsastong imstalselected fomy ki, Mg AlnGa, Mar €adi, Zn, Sr,
white rust resistance) and et hanol resistance,
2 ¢.iand Mo, iy an aquevus orediugs iastefacsctreatent niethod; agd 8 swrface treated
as cup nolding which is close to an actual use than
rhétallis nmgidréal ast.ge nol di ng. Consequently, devel oprment of
a method for treating the surface having corrosion
resi sygogeg after formng which is required, for 5
exanple, in notor cases or cartridge tanks for

ker os t c i ni . ]
SorondegeRSEmaAr fy P AE i litined PAGH) AMIAAToD PR
rohl e of related art nenti oned above, and an
ﬂggﬁg&on&lo.ﬁg%iﬂﬁqo provide a chroniumfree, steel
sheet subjected to a netal
[Patent Document 2] Japanese Unexamined Patent Application, First

Publication No. 2001-31684

[Patent Document 3] Japanese Unexamined Patent Application, First
Publication No. 2003-13252

[Patent Document 4] Japanese Unexamined Patent Application, First
Publication No. 2006-118012

[Patent Document 5] Japanese Unexamined Patent Application, First
Publication No. v2006-1 52435

[Patent Document 6] Japanese Unexamined Patent Application, First
Publication No. 2006-152436
[Disclosure of the Invention]
[Problems to be Solved by the Invention]

[0007]

However, the above-mentioned three methods are not satisfactory in providing
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10 surface treatnent, for which a filmexcellent in
corrosion resistance after formng can be forned on

the surface of a zinc-plated steel sheet. [Means for
Solving the Problens] [0009] The present inventors

have carried out an investigation on constitutions of

a fiJm 15 for a surface treated steel sheet to solve
FORROSIOB JGUSIARES o Srikenap s kAce pwhitevishresistanes) and efagolisgsistance,
found that a surface treated steel sheet excellent in
restieudariyoserrosivingesistaree afterformingrsutin gs aprmbldingbvkicmiesdldse to an
formng on the surface of a zinc-plated steel sheet, a
atual asethai theainls bufge nivldihg.c hcbmhu&iﬁl?, deveRpileht 6f a method for
conmpound containing titanium a netallic conmpound

t6Rh A Y SHeFa PP éUHofsi%H réiGIRBARES ﬁ)ﬁhﬁgg\gﬂgﬁisr}’e&greﬂ for

specific cationic 20 tunctional group, catroni ¢

. DOl nsate. Wth,a.specific chemcal , ..
SRR, [PROKT LS BP BB LS (RG0S Bhd Sppraizingeno
,nvention. éoalo%@ hat is, the present invention
rgyiugeas been demandeds eat ed sheet i ncl uding a surface
treatnment filmwhich includes (A a netallic conmpound
cont ailBPGJ titanium (hereinafter, 25 referred to as
“titani um conpound (A)'), (B) a netallic conmpound
cont aiTherpgesenignesitiomis todolve aliecproblechBrof rélatke aftetkntionébabove,
“magnesi um conmpound (B)'), (C a cationic urethane

dn@3hdbjedf WEicR s tb PRidONEhrERIUR Hes, D Slhde® Sije P metal
selected fromprimary to tertiary amno groups an

i cat. onic dphenoal.

SR R G WhGH B Ee1 8y EotodbrE Bt SRR lpe con be
Q und wi th an al dehyde and has a cationic 5

fﬁﬂﬁ%‘f‘?’b |S“'§?°6&E,a é‘%@ﬁis?aesh‘?‘?tt ani um content in the
surface treatnent filmis in the range of 1 mass%to

[Mesns toySehargithe Freblemslal sol i d content, the magnesi um
content in the surface treatnment filmis in the range

of 0.2008%s%to 2 mass% based on a total solid

content, a content of the cationic urethane resin (O

i Nt hehe prdsameintentart ARt cafriddBut &n inVebtifition 30 @6ndHtutddhs of a film
mass% to 35 mass% based on a total solid content, a

BPAkEMce Aate SteSIRhEQRD 9013*%1‘1@ ng-mgﬁii%rfeéﬁ :}‘ij@&éﬂg.e égl result,

in the surface treatnent mis int ange of
9 s% based, on total ..sql.id content., and
e rBund B PG B0 R el it in Prodiiion e afer
he cati oni c phepol | ycondensate (D), is in the range
ftglfmlgg _cgtl_l g%é)b,tal’?lsg Eg _fqgi_?ngyon the surface of(a z)incl-pla’éed steel sheet, 91 surface

treatment film which includes a metallic compound containing titanium, a metallic

compound containing magnesium, an urethane resin containing a specific cationic
functional group, and a cationic phenol polycondensate with a specific chemical structure,
and thus they have completed the present invention.

[0010]

That is, the present invention provides a surface treated sheet including a surface
treatment film which includes (A) a metallic compound containing titanium (hereinafter,

referred to as ‘titanium compound (A)’), (B) a metallic compound containing magnesium
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[0011] The coating weight of the surface treatnent
filmmay be in the range of fromO0.1 15 g/n2 to 3
g/nm2. In addition, an organic-inorganic conposite film
may be further fornmed on an upper |ayer of the
surface treatnent filmin a coating weight of 0.2 g/n®

(ilo > g/n. [Effects of the Invention] é%OOlZ] . 20 The
e B Envetpaed i st Hegnesiusn ceapenddB)’$HER 8 catégmie urgthape resin

the present invention provides corrosion resistance
havingrat {eastninegationia furtctional gomipt setecteld dront prdinagyrto\térti@d amino
wWth a chromate-based surface treatnent agent. The
gogsuetiqaateiRiy admoRRMe Bdses, and (D Pa sdtitRlSpheAN bl RSndensate
steel sheet can be produced at |l ow cost. [Best 'Mdde
' I ' 5 .

Y S AT T ph BT B0lng oty il dhydedog s a catonic

' ion will be descr.ibed in.detail. [0014 or
MR R sl i St e i, S it Gl fsdndbe
treatrent in the 5 invention, there are no particular
rangg f N@Ts % (4 wassie based an artetal solid contantothegnagmgsium content in

i ncl ude oxides, hydroxides, conplex conpounds and
theysuréacqitreatment;film is iothe rogeafi0.2 mass%so B nast% basedwon a total solid
and the like, and those having a good conpatibility
oohteht, fventent ofthé cation®s dirathéne {eﬁ%i((l? {rthe 8¥ade MR afmdnt Bilth Gs in the
phenol pol ycondensate (D) are preferable. Specific

O 1 A A Bl kb

' ne~{ CoHIP).2Ti 3) 2].2,. a reaction

eBeR]E B REELAP ol I Srkiet bt A B pimnEe o e o
l.aur af tjitani um acetyl acet onate . . .

eseyectiasgd] o4 ptsisseliq sontent andihemase tia of thercatianip urathane resin
nitrate, titaniumsulfate, titanium phosphate,

(£ tosthe gatianie plamat polycandensate () fiy/iavthé fange af 33.3 SM7Tctni4Qrfil.
fluorotitanate, and the |ike. [0015] 15 The titani um
conpol@®@1{A) contains 1 mass%to 4 mass% of titanium
based on

The coating weight of the surface treatment film may be in the range of from 0.1
g/m’ to 3 g/m>.

In addition, an organic-inorganic composite film may be further formed on an
upper layer of the surface treatment film in a coating weight of 0.2 g/m’to 5 g/m’.
[Effects of the Invention]

[0012]

The chromium-free surface treated steel sheet related to the present invention
provides corrosion resistance after forming equal to or better than that provided with a
chromate-based surface treatment agent. The production method thereof is also simple
and the steel sheet can be produced at low cost.

[Best Mode for Carrying Out the Invention]
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a total solid content. At a content |less than 1 mass%
corrosion resistance on a planar surface (white rust
resistance) is insufficient, and at a content greater
than 4 mass% the resin readily fornms into a gel in a
coating liquid state, thereby causing a deteriorated
corrosjon sistapce after. cylindrical form ng d t )
o | NSRS PIF IS FEPRUBIEHSC) eRsoraby PRt i ke described
_magnesi um conpound (B) in a conposition for surface
ipdetatlment in the invention, there are no particul ar
limtation for counter anions, but exanples may

i ncl ud@014gxi des, hydroxi des, conpl ex conpounds and
salts with organic or inorganic acids of magnesium

and t @y tHeKﬁani&ﬁ%o&%@ﬁ&i \th A@ompeaash f2¥RAdetdatrthont in the
wWth the cationic 25 urethane resin (C and the

1%%&&'%1??,: tgex%?g&g(l %ﬁ'ﬁ{:&i&ﬂﬂg%ﬁﬁ%&gr te afriolts %fu? é%gkpqes may include

xanples 1n e nmagnesiummhitra

magnesium.sul fat e, magnesi,um bi phosphate,. nmagnesi um
SRR et R dpart B0 s Rt Giesis GmPRaRIC Acids of
magnesi um-oxi de, =~ magnesi um hydroxi de, and the |ike.

titayoyrpy andsthe fike,aag Aleose hiayie® Ageemhermptibeliy tvihihe pationic urethane
mass% to 2 nmass% of nagnesi um based on a total solid
resim(@hand the cationonpleno! podwonddraate (DY aregwefyableor (Spscifin examples
resistance on a planar surface (white rust

dfelsd sthRinEdontouhd $Af incRide ftanyPdidifatd TiIOSOdiBpropbLaitetium
than 2 mass% the resin readily fornms into a gel in a

um&graeetbha g@h@&ﬁ’f@og}i@g@% f@g&idﬁgir uct6t BEACLAE 8R4

corrosi on resistanc naric orm ng due to

n.inswfficient.film10 formability.. | {4
(Rt B AR, R g aberafle G € cracoCHs s
0Q18] The contents of titaniuymand magnesiumin the
iRy ageiate, sy Bitiss fitapiim sufate, Sitanfurp phesphaie iwaniugpgarbonate,
be, for exanple, determned with the use of |ICP
titaniumdydvadlupratCaopherdurp| flusrasitanate, sud e likpect ronetry or
the like. 15 [0019] The term "cationic' for the
cati ofd@ly)r et hane resin (C) which to be blended in the
nmetal surface treatnment agent of the present invention

nMeans Thaftarditi@ cofPoiin cBntais 19RAL Y, oW nhdsoed titdhiGbased on
in the nolecular Structure. The cationic functional

aAofaY QolWonl?e%t. At a content less than 1 mass%, corrosion resistance on a planar

surface (white rust resistance) is insufficient, and at a content greater than 4 mass%, the
resin readily forms into a gel in a coating liquid state, thereby causing a deteriorated
corrosion resistance after cylindrical forming due to an insufficient film formability.

[0016]

For the magnesium compound (B) in a composition for surface treatment in the
invention, there are no particular limitation for counter anions, but examples may include
oxides, hydroxides, complex compounds and salts with organic or inorganic acids of
magnesium, and the like, and those having a good compatibility with the cationic

urethane resin (C) and the cationic phenol polycondensate (D) are preferable. Specific
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exenplified by groups represented by the foll ow ng
general fornmulas (1) to (1V), or the 20 like. The
cationic functional group may be included in any
amount as long as the resin stably exists in a

di ssolution or dispersion state in the netal surface
treat ment agent of the invention 0020] 25 -7 RL R
exampleg fnclude_ mggnesipmy nitrate, ma%ﬁlumlﬂé tes magiRsium biphegphate,
Ot) -RN---- 1r e- t [0021] Herein, R, R2, R3, RG,
reagheRmi cartpante; mhghiasiumi h@sata meagnasitmi ﬂwﬁﬂe,nﬂk@mbéiyma)xide,
hydrogen atom a linear or branched al kyl group having
Iﬂagﬁqegﬁ@hyaf(gﬁ@” akd yhelikeo 6 carbon 10 atom(s), or a

i near branched hydroxyal kyl group having 1 to 10,
prefer@d(}li 1to 6 carbon atom(s). R4 and R5 are each
indepé tly a linear or branched al kyl ene group

having,2 to prefe 210 arb ons.  Eac

o T et BoBioRi S B sgnleiney el 2 S pmagnesium
ion. [0022] . 15 Exanples of the al kyl group having 1
basedion aiotal spliheammiend) ~ Abpeerienitless thasr0. RmassYREorRgion Reistance on
and R7 in the above general formulas (1), (1), (Il11),

agpiahat pirface fehitelmustiresistangd) is insofficiens ané oty tontmd greatea than 2
propyl group, an isopropyl group, a butyl group, an
mBsh|ithg lresig feadily fermzamnol gebid/Eoating NGUM|stad, %é?ebyacausmg a
heptyl group, an octyl group, a nonyI group, a ecyl

I f.
dg@ﬂé‘?%i@%"%“%ﬁ%%h%fﬁ“ﬁf;‘%?*n%@%" T

ﬂ)x’ﬁ%bﬂﬂ? aIn %)I(lyg(?attari)\{ 1ty%f ?ol]godoagng tenXs {ood(e¥entorr]2}ée group,

[0018]

The contents of titanium and magnesium in the above-described composition for
surface treatment can be, for example, determined with the use of ICP (Inductively
Coupled Plasma) emission spectrometry or the like.

[0019]

The term ‘cationic’ for the cationic urethane resin (C) which to be blended in the
metal surface treatment agent of the present invention means that the resin has a cationic
functional group in the molecular structure. = The cationic functional group may be
exemplified by groups represented by the following general formulas (I) to (IV), or the
like. The cationic functional group may be included in any amount as long as the resin
stably exists in a dissolution or dispersion state in the metal surface treatment agent of the
invention.
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hydr oxyet hyl group, a 3-hydroxypropyl group, a

4- hydr oxybutyl group, a 5- hydroxypentyl group, a

6- hydr oxyhexyl group, a 7-hydroxyheptyl group, an 8-
hydr oxyoctyl group, a 9-hydroxynonyl group, a 1

0- hydr oxydecyl group, and the Iike. Exanples of the
al kyl ene group having 2 to 10 carbon atons represented
for R4 and R5 in 25 the general fornmulas (lI11) and
(1V) include apgsethyl ene group, a progglene group, a
-8 trinethyl efle group, a tetranethyl gne group, a
pentanethy?@ﬁs grouf, a hexanet hyt+ewre— 8t oupy™ ann

oct amet hyl enenggoup, a 2-ethy|-hexyﬁ§3§ group, a
decanet hyl ene group, and the liKke. npl es of the
acid ion represented for A" and B- in the genera
formulas (I11)rR® and (1V) include inorg®fic acid ions
such as hal ogen ion (chlorine ion, brdmine ion, 5
fluori me-RKomNett®S— slfate i onrafi-t-nater®on,
phosphate ion, and organic acid ions #uch as acetate
ion and formate ion. [0023] The cati gfi cBUret hane
resin (C) useful in the invention, for exanple, may

ei t hef002d¢ a wat er-sol ubl e or aqueous enul sion type.
10 [0024] The cationic urethane resin (C) for use in

t he i ieedih, R)RARIR tand A\ géreeal formhilanire efolrinddpenddntly a
group as descri bed above, and the cationic functiona
h98:gBn atef) blinka ¢ rarhEPARA g%ﬂ I?ag%ggl {00, BrRf&ablyANo% carbon

phenol polycondensate (D) Tt , cationic

ST SRR P PR BE MR 0 ey 110
ORI BRI b Sty S EBEEh At group
ei ther be achieved by solubility or dispersibility
hayigg 249 d 8, prgferahly 2 é@,g garbex atomsor Ench ¢fed agd B s¢pseseats a hydroxyl

with a cationic surfactant (e.g., alkyl quaternary
iegmeramiagid ®al t, etc.) and/or a nonionic surfactant
(e.g., alkyl phenyl ether, etc.). 20 [0025] Exanples
of theog2ayionic urethane resin (C include: a urethane
resin which is a polycondensate of pol yol such as

20 Yokl IRl a1 A0S ) et .
R\A',hﬁr, (ﬂ“lma %7){1(1) hleha%\cl){'é] gen%rag %ourr%?ﬁaist(ﬂf &Bz (II1), and (IV) include a methyl
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl
group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a
decyl group, and the like. In addition, examples of the hydroxyalkyl group having 1 to
10 carbon atom(s) include a hydroxymethyl group, a 2-hydroxyethyl group, a 1-
hydroxyethyl group, a 3-hydroxypropyl group, a 4-hydroxybutyl group, a 5-
hydroxypentyl group, a 6-hydroxyhexyl group, a 7-hydroxyheptyl group, an 8-
hydroxyoctyl group, a 9-hydroxynonyl group, a 10-hydroxydecyl group, and the like.
Examples of the alkylene group having 2 to 10 carbon atoms represented for R* and R’ in

the general formulas (III) and (IV) include an ethylene group, a propylene group, a

-8-



10

15

20

25

am no group or polyol having a nitrogen atomon its

main chain is used as a part of the 25 polyol to be

used; a urethane resin wherein a nitrogen atom of the
urethane resin is -9 quaternized with a quaternizing
agent; and the like. [0026] The polyol nentioned

above may be exenplified by aliphatic diol conpounds
tamethylene &roup, a triragiethydane gaoum, Rpertametiylene group, a hexamethylene
triethylene glycol, 1,2-propylene glycol, 1,3- 5

growgp wh ectemgthytemk groupop 2 rethyll-hgkylend grofip,2 deshmbthplene group, and
glycol, 1, 3-butylene glycol, 1,4 butylene glycol,

thelksre tmkr?res oFtBeCAid ioRireRBRARI for APMAITDIR ﬂﬁtg?—:ﬂerlal formulas (II)

bi sphenol A, trimethyl ol propane, 1, 2-propanediol,

4 BBOACH A B G ROERR by B

| vcol . 3-net hyl -.2, 4-.pent anediol , 2,4~ pentanediol,. .
o8 ey Silciele gt g ot Gt Dol iprb nd SBaic aeid ions such,
2-met hyl -2, 4-pentanediol, 2,4 10
ag pertg lomand fgEmatg iedi ol , 1, 6- hexanedi ol ,
1, 7- hept anedi ol , 3, 5-heptanediol, 1, 8-octanediol,
2- met 0231, 8- oct anedi ol , 1, 9- nonanedi ol , and
1, 10-decanediol; tri- or higher valent aliphatic or
al i cyQlht eatdniOtrethaf® PRI wsefulin tASinventit, ForleRh@plRam8y either
trimethyl ol propane, hexitols, pentitols, glycerine,

[ j i: entaerythritol,
Hgia%t%?giﬂ%?%u%?ﬁyan él{‘]hgttynpg'rnat hyl ol propane; or the
I'ike. 6034 0027] The pol yet her pol yol nentioned above
may bé exenplified by ethyleneoxide adducts such as

di et hyl

et hyl epe gl ycol, ne glycol, .and triethyl ene
gl ycol' e C%f yrsthaps regid @a dts§ iy therinveation gegds g ave the
gl.ycol , dipropylene glycol, and tripropylene glycol;
cationye Emetisnal araapds dﬁSﬁp%gtb ghavie cansixthel eatimah fimetiafal group
above-nenti oned pol yols; 20 pol ytetranethyl ene glycol;
contribhtes td sompatibllilp 8jith thecatiohicqsicrs] gadycsadendae (DY (4t is, a
above may be exenplified by conpounds which can be
cBidri¢ peldcdideiatedtta SiRhSILbdsbd S3rhSRUndSFAN] APAdéHydé ?I‘)?), the titanium

transesterification of the above- nmentioned polyo

! st er - W ' i havi ng: | 841
BB S8 LRI AR 15 "0 ST v
ca c1:(|)n§Ic Slrethaaplg Ye%{nl lltl rv]vea er %Ia’y e?tﬂclerl lgjeeaichlaer\]'gd §)§ gc‘)?hrlgility 6r1d(1)spersibility

possessed by the resin itself or by being assisted with a cationic surfactant (e.g., alkyl
quaternary ammonium salt, etc.) and/or a nonionic surfactant (e.g., alkyl phenyl ether,
etc.).

[0025]

Examples of the cationic urethane resin (C) include: a urethane resin which is a
polycondensate of polyol such as polyol, polyether polyol, or polyester polyol with an
aliphatic, alicyclic, or aromatic polyisocyanate wherein polyol having a (substituted)
amino group or polyol having a nitrogen atom on its main chain is used as a part of the

polyol to be used; a urethane resin wherein a nitrogen atom of the urethane resin is
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conpounds whi ch can be obtai ned by ring-opening
reaction of |lactones with the above- nentioned pol yol ;
pol ycar bonat e polyol; or the |ike. Exanples of the
pol yval ent carboxylic acid include aliphatic

di carboxylic acids such as oxalic acid, nalonic acid,
succinic acid, glutaric acid, adipic aC|d pimelic
quaiernized wish p quatemizingagentijagd theilike. sebaci c 5 aci d,
dodecanedi oi ¢ acid, 2-nethyl succinic acid,

2- met (02641 pi c acid, 3- et hyl adi pi c acid,

3- net hyl pent anedi oi ¢ acid, 2-nethyl octanedi oic acid,

3, 8- diTRBBIoHRRARIEI AbSvARhFbe cibmfrlicBY wbﬁa&fw&%ﬁip%unds

1
aci d, dlner acid, and hydrogenateésdlner ac

2‘* car‘%*‘o&@?e hea st %ldﬁ”l&ﬁ@’*%%ﬁ%?? %E%E’?féﬁe ghtgol, 13-
e R Ry SR L S ieBe abeal TorRPBR el

aC|ds such as trinellitic acid, trinmesic acid, and
butydensrelysol, hexamgthyleneiglyeel;, hisphenpbdy hxdzogsanipd bisphencl A,

such as pyronellitic acid; and the |ike. Exanples of
ttitethykdpreparfeo i j2i-prgpabediol; dt3-pmpa1|ml|i<ﬂpi-meﬂ1yll-d sBepmpantdiol, 2-butyl-
anhydri des of polyval ent carboxylic acid thereof;

2hahyldES-psoffafiedisl, ¢ ALRIthriédiod neBp&ity1d8y e, ﬁﬁemgptmiénmbdml 2,4-

carboxylic acid; lower aliphatic esters, such

p@ﬁt‘éﬂé’dlo f}fenta%t:!% 3eré&ﬁglﬂ-k§ tpg Dhe St frmetl'lﬁ %?f-ﬁg%lt?réerd’lol, 2.4-

est er, stef

f.t oI val.en arbo like. .
d%@at& spentye Jeﬁei FAREIRIE FPaRe 0323p -&sgtan%oﬁ%l 1,8-octanediol,
gﬁ{glactong caprol act one dlne é
2empihgl-L8rastanedil, Jad-aonsmadioh #ad 1»}0@513@6 1o&dfloﬁr'elugher valent
butyrol act one, and the like. [0029] The above
ai/rehﬁticmt@ticmcwdnohhhmm@uads( aeh o5 trimetbylplethanedrigrethypolpropane,
pol yol 20 having a nitrogen atomon its main chain my

hbritelx geptitols, ghicbyme) digiyering pobgtydetifle, pyntaédythritol, Hipentagrythritol,
general formula (V) or (M), or the like. Specific

a8 &Ny Ipfipake; RRAlke, | NCl ude N, N-di net hyl ani no
dlnethylolpropane N- net hyl - N, N- di et hanol am ne, and

t he é? The quat erni zi ng agent may be exenplified
by R3 |123 R7C, R7Br, (wherein R3 and R7 have

(h° apgfyeﬁf B Pl e b BBed B v

ax(iducts such as ethylene gly(col )dlethylene glycol, and triethylene glycol;

propyleneoxide adducts such as propylene glycol, dipropylene glycol, and tripropylene
glycol; ethyleneoxide and/or propylene oxide adducts of above-mentioned polyols;
polytetramethylene glycol; or the like.

[0028]

The polyester polyol mentioned above may be exemplified by compounds which
can be obtained by direct esterification reaction and/or transesterification of the above-
mentioned polyol with an ester-forming derivative having a smaller stoichiometric

amount such as polyvalent carboxylic acid or anhydride thereof, halide, and esters;

-10 -
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HO R OH 5 [0031] Herein, R, R2, R4, R5, and R6 in

t he above general fornulas have the sane neanings as
defined in the above-nentioned general fornulas (1)

and (111). R8 represents a linear or branched

al kyl ene group having 2 to 10, preferably 2 to 6

carbon 10 atons, wherein a NRLR2 group is _substituted
cgmpapgdsahietheancherabtained byrang- ovgmqea%m aflectongs vtk the above-
uret hane resin (C), exanples of the aliphatic,

mgnitioped patyolppolycarborats molyd] g tho tiken afampied afdke polyvalent
tetranet hyl ene dii socyanate, hexanethyl ene

cafbos pléy &ndirelude MHpittic HidagisxyHo adis Qrhes oxAlicHcad) eiddriél acid,
xyl'yl ene diisocyanate, 1,4 15 cycl ohexyl ene

SQédlﬁeﬁé’lﬁn@Bﬁuh%mﬁ ad:i 3{1‘8 dogi?ﬂi%lcq@itdhmng héial %\‘.ﬁa‘f@é&d, sebacic

dic exyfne ane’ ti | socyahate, I sophorone

t hoxy- 4 | e
o §%‘§e§ halde adfo2 REIRMEREK ot R ameb RGP I 3-methyladipic
-t et y ahydr onapht hal ene i1 socyanate, 2,4-tolylene
a&‘idb 3 Réntanedioge acig, -gﬁ@ygma@s wfé 3 &tdme%l‘gﬂ?éﬁiﬂlmc acid,
net hane dii socyanate, 4' - di phenyl net hane
3efl-Hisantlyd decancdipin apid) rétm@r a¢id sandhhydengenatgd) tiphes peid2dicyclic
di i socyanate, tetranethyl xylylene diisocyanate, and
didaebdxiyke acidemirh ab bpclehexahedicimbexylil dcflspiromate dicarboxylic acids
alicyclic polyisocyanate conpound such as

shéed és%}ﬁﬁmﬂa‘éﬂels@bhtﬁ&lwwtt&ephtﬂﬁf&%ﬁi Bid Biphthalene dicarboxylic

dllsocyanate l'ysine ||socyanate ester, hydrogenat ed
I
o LSRRG B S, BRI B0 cotor gt oy i

it R LD SRR B R B e

weat her resi stance can be obtained, thus is preferably
egteetprming derjvativgtherevhmchige iapidiashydreden ah polywalent carbpxphic acid

the invention, for exanple, may be a silyl nodified,
thexeafohalides wuathes-chboiride loe bromidejofthe pobywalest carbaxybe heid;alower
resin. Wien such silyl- nodified urethane resin is

alipkdlic e3REd, 88dhH3 th@BylThRE) GthyRBsleraplopll estedSikSprapyd @stef, batyl ester,
filmto be 5 formed are furt her |nproved Thi's S|Iyl

i€9pet r?fl eGtel bPimes rcff'tﬁétj%&g\fal@f ciﬁ%b icPacid; lafd theQfdP! ERSmples

agent at ' a step o zing a ter Sol uble or

u s_enul.sion ureth
of the lactones ihclade y—caprolactone d-caprolactone, e-caprolactone, dimethyl-e-

caprolactone, 6-valerolactone, y-valerolactone, y-butyrolactone, and the like.

[0029]

The above mentioned polyol having a (substituted) amino group or polyol
having a nitrogen atom on its main chain may be exemplified by polyol represented by
the following general formula (V) or (VI), or the like. Specific examples of such polyol
include N,N-dimethylamino dimethylolpropane, N-methyl-N,N-diethanolamine, and the
like. The quaternizing agent may be exemplified by R>Cl, R*Br, R’Cl, R’Br, (wherein
R? and R’ have the same meanings as defined in the general formulas (II) and (IV)), or

the like.

-11-
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resin, and although a nore specific nodification
method is not particularly limted, for exanple, the
medi cati on nmay be carried out- by reacting pol yol

(pol yol having a (substituted) am no group or polyol
having a nitrogen atomon a main chain is partly 10
used) with a silane coupling agent, and then
polycdﬂggﬂsating an aliphatic, alicyclic, or aromatic
pol yi socyanate, or alternatively by subjecting a

pol ycondensat e of polyol (polyol having a
(sub§p|tuteqp,an|no group or polyol haviing a nitrogen
atom a In chain is partly used) Wt h an

al i phatid, alicyclic, or aromatic pol yijsocyanate to a
reacti onT w th a siViane coughbng_agenLN.liéﬂ.OﬁébrA (vi)
t ypo—of i +ahercoupl i ng agent for use in the sily

nodi fication is not particularly limted. A preferred
exanpl e of the silane coupling agent for use in the
silyl n@%ﬁfication i nclude a silane coupling agent
havin Jani no group (primary or secondary am no
group) or §89x$ Eo%p 20 [ 0035] An anmount of silane
coupl iHegeiag andRy inrthe shove igenaral fommulachave dhe same
not particularly I|n1ted but the anount, for
reeidsas definddinttheabove@eentibnal génerah foryubas 08 and @HBY% RS
10 mass% nore preferably 0.5 mass%to 5 mass% based

18PreSentd/aNiRdar BR BAanciEARNG én ecgmﬁmvﬁ&pg m 10( Bﬁ:‘féf%g haig@rbon
a (substituted) am no group or polyol havi ng a

aﬁ{)&x Q&fe?elﬂtao KR & i sftiatulkd d oh 4o

al'l cyc or ar orra ﬁypo yi socyanate
and th[f) | ane coupl i ng agent, in the view of
exhi bi 9% t he above- nentioned effects. The reaction
tenperature when reacting the silane coupli agent is
not pdiotithagatienig uretheneagsin §a) exynplexelipe éhphtagé- icyclic, or
reaction nay be carried out at a tenperature between
fematicip&PiSocanp@itdhdenthzamethglone didsocyanpteoheamethylari on
resistance by silyl nodification is not clear, but it

diBoerBuE sine diiSodyasae egter, Bytrgdniled X9dne diibocyanate, 1,4-

adhesi veness of the cationic urethane resin (C) wth

%cl&%?}lex%@%&%‘ité 3, -B&&@l@ﬁé@hﬁ&ﬂaﬂé&kﬁ Efanite b?!if' er

roperty Is |rrprove y preventi ng penetratlon of
clo engﬁmeftﬁante%i%ocsy%ﬁa e, 1sop oyo(%l%l?ills(;]cgfar?art]é %rj r}ﬁr‘nethoxy-4 4’-

biphenylene diisocyanate, 1,5-naphthalene diisocyanate, 1,5-tetrahydronaphthalene
diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 4,4’-diphenyl methane
diisocyanate, 2,4’-diphenyl methane diisocyanate, phenylene diisocyanate, xylylene
diisocyanate, tetramethyl xylylene diisocyanate, and the like. Among these, when the
aliphatic or alicyclic polyisocyanate compound such as tetramethylene diisocyanate,
hexamethylene diisocyanate, lysine diisocyanate ester, hydrogenated xylylene
diisocyanate, 1,4-cyclohexylene diisocyanate, 4,4’-dicyclohexylmethane diisocyanate,
2,4’-dicyclohexylmethane diisocyanate, or isophorone diisocyanate, is used, a film
having excellent weather resistance can be obtained, thus is preferably used.

-12-
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10 [0037] Anobng the above-nenti oned cationic urethane

resin (C), nore preferred are soap-free conpounds in

whi ch a surfactant as an enulsifier or solubilizer

that may cause an adverse effect on adhesiveness of

the filmto a netallic material or water resistance of

the film.is. not used; and conpounds in which the used

amount®938lcontrol I ed. 15 [ 0038] The cationic urethane

resin (C) is contained in an anount of 20 mass%to 35

mas s %le cationiswethane resink(€) pdthelinwntion, fooerample, may be a silyl

According to the cationic urethane resin (Q

maedified, eetonic) vaiterpoibld ¢ agaddus enfulorc@ethasd f8in.  When such silyl-

resi stance after cylindrical form ng can be inproved.

nibdifle FRRAHBRE resSS u&éaétffbrﬁﬁidﬁ%%{%nd&%a%&aﬁ'}esg&éﬁ&t A%Hm to be
[ 20 e , and at a

after cylindrica ormng IS teriorate

eater than 35 s%...et hanol resistance is .
G SR lrtray | P SR BHRRGF BiealeRlsth PY ifink § sitane
such as that the resjn readily forpg into a gel . in a
copRi{ngAgent & aistepof synthesizipga Wé%/eﬁ'é?lubkéﬁ @fugaus emulsipnggrethane
The term "cationic' for the cationic phenol
resin,\and albeughtagmom)sp¢ai fimmoilificatiorcmethod icnot Partishlankyllimited, for
pol ycondensate of a phenol conpound with an al dehyde)
ewhmple, the nixdlicadoi Aiapdd camied olitby feactify plyd (pdlgslchaving a
treatment agent of the invention neans that the

(AsH@EA) 8RS Both?Sr pblydl AbliaRahittdfeatatdd8h a Qﬁeﬁg Bhaid Repartly

cationic functional group may be exenplified by groups

r . | i . . Of .
hPREEELFRe BHuHiRE agPhe S e RS Blnalb M) Bitatg Hfigyetic,or
have. at .l.east one of such.cationic funcfional gro .
e RolY o e aF arBpEly PoTubiBengA oo bicaRaate of botyol
i ntroduced by all ow ng ammoni a or ami ne corresponding
(pelyelhaving afsebstitnted) pming group popYyeldavinganitragenatemeon a main
general formula (1) to be co-existed when carrying
cbain ispartly yeah) sidthsamt aliphatinf alidyeliclor anompaticrplyisdclyanate to a reaction
al dehyde. The cationi c phenol pol ycondensate (D) for
vidttea $itank Beuplihgegenton i s preferably, for exanple, a
novol ak phenol pol ycondensate obtained by carrying out
the 1@003q:|ycondensati on reaction in the presence of an
acid catalyst. The cationic phenol polycondensate (D)

for use.] L nvention al so,be..those .oht ai.ned, by
ot g1 1B o fint BpRnE ARl Birafe g i R AEIaR 1856

0 on sate in accordance with, a generally known
pgrt{c}/xfarly i%llt . Alpregrre example o\tMthe silanegcoupling agent for use in the

silyl modification include a silane coupling agent having an amino group (primary or
secondary amino group) or epoxy group.

[0035]

An amount of silane coupling agent to be used in the silyl modification is not
particularly limited, but the amount, for example, is in the range of preferably 0.05
mass% to 10 mass%, more preferably 0.5 mass% to 5 mass%, based on a sum of mass
amounts of the polyol (polyol having a (ﬁubstituted) amino group or polyol having a
nitrogen atom on a main chain is partly used), the aliphatic, alicyclic, or aromatic

-13-
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techni que such as a boron nodification, a silicon
nodi fi cati on, a phosphorus nodification, a heavy netal

nodi fication, a nitrogen nodification, a sulfur

nodi fication, 15 an oil nodification, or a rosin

nodi fication. [0040] The phenol conpound which to be

used for obtaining the cationi¢ phenol pol. condensate
pebjisocyanates and thetsHlang eRppHRg agent.dn H&Vl%pf petibisipg the above-
limted as long as the cationic phenol pol ycondensate

niddtionechefieets. orlhededsyion tepieyatarederenaticting Wit silané cmipjide agent is

20 in the presence of an acid catal yst and amoni a or

naihaticelany Bmmed tindfot exahipte, tHeSreiGiontidyelst) cagidd dut @t @ ténperature
represented in the above general formula (1). Exanples

b%IweeEild)GB agggp%. conpound i ncl ude phenol, mcresol,
| pheno m pr opyl phenol, m butyl phenol ,
but J‘)‘&% nol, o-butyl phenol, resorcinol,
hydroé catechol, 3- nethoxyphenol,
4- nethoxyphenol 3- nethylcatechol 4- nethylcatecho
25 netlhgiréasom f;qumpmv@d cmmmsm@g@q by sibyll modification i is not clear,
2, 3-di et hyl hydr oqui none, 2,5- -15 di et hyl resorci nol,
bt #tidassympbe trobe bedawsehiox siph arvdificationtadliésivenossaifmiod cationic
3- et hoxy-4- net hoxyphenol, 2-propenyl phenol,

weth&RAEER Cpﬁ'ﬁﬂ ql met& éuﬁﬂfh"t@ﬁ)lﬁ&é@@& hnd flrther a barrier property is
i sopropyl pheno 3, -tri met hyl phenol

T L

pyr og 4’% 5 phloroglycinol, 1,2, 4-benzenetri oI
5- isoi | - 3- met hyl phenol 4- but oxyphenol , 4-t-

butylcatechol t- butylhydrqu|none 4-1 - pentyl phenol ,

2- t - béyyonetheabowermetingid cationgmertprpmeesisl (C), more preferred are

3- phenyl phenol , 4-phenyl phenol, 3-phenoxyphenol,
sdajpfres compdieds Iin whichhexrfhctantmk @nemulsifier or solubilizer that may cause
4- hexanoyl resorci nol, 3,5-diisopropyl catechol,

afi-alleoryed 6f8&D b hdldsiveiess E et 1o RIAAAIlC material or water resistance of
3, 5-di -t-butyl phenol 3 5-di -t-butyl catechol,

tl%’e frdlis dot *akiédy hiy €6 hﬂ:ﬂ il s%& SmBHﬂSMﬁ Q&fifbﬂled.
4-cunyi phenol', non cyc openty enol, 4-
cyclo%ﬁﬁkilphenol blsphenol A, bisphenol F, and the
like e may be used alone or in conbination of

E)Wgr g n?:arltﬁqnlil% {llgz}@pe reﬁllbg(i)ggggn W%%r of 20 massl% to 35
2, 3-xyl enol, 3,5-xylenol, mbutyl phenol,
mpasEYot Wil respest to the tmlt splidicomiont, Acgprling toiknestioniggethane resin

resorcinol, and nost preferred exanpl es are phenol 15
(Ehcorrainpd iinmpeéiﬁc ratio, the corrosion resistance after cylindrical forming can be

improved. At a content less than 20 mass%, corrosion resistance after cylindrical
forming is deteriorated, and at a content greater than 35 mass%, ethanol resistance is
significantly deteriorated, thereby causing problems such as that the resin readily forms
into a gel in a coating liquid state, thus is not preferable.

[0039]

The term “cationic’ for the cationic phenol polycondensate (D) (that is, a cationic
phenol polycondensate of a phenol compound with an aldehyde) which to be contained in
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[0041] The al dehyde which to be used for obtaining

t he cationi c phenol polycondensate (B) for use in the

invention is not particularly limted as |Iong as the

cationi c phenol polycondensate (B) can be formed by a

pol ycondensation with the phenol conpound in 20 the
resence of an acid catal yst and ammoni a or am ne

t@“o‘ﬁﬁ@ls pufage frgatment ageny ofthe invenfiasineansithas thg palycondensate has a
represented in the above general fornmula (I1). Exanples

caffiorsc inctibubd igyabp.  The battbaid fonctidrdbgrpdp malyrbe@xamplified by groups

furfural, parafornal dehyde, benzal dehyde,

réfﬁédéhteﬁfwl th® fdlRwingehehe FBrinl @) or @1)0PYhd@itohR PHRhol

butyl hem formal, phenyl hem formal, "acet oal dehyde,
e%%%%@?%geﬁﬂgm{ Ia@%é?%% ghg g%{%g;%i@?rggﬁmatmnal groups. These

S e

ni trobenzal dehyde,. m ni trobenzal dehyde

CAURSPORAINS o Hiedaubstinited) aminorgrpurepegsentpq inthe general formula (1) to
m net hyl benzal dehyde, p-net hyl benzal dehyde,

bp ceiehistddomiranl cialyjmmut p polycdndensation oé pbletoy dempamd wiktealdehyde.
l'i ke. These conpounds nay be used alone or in 5

Therhiidiié plehodpoll¥shdensateqDy fbi ikdsn tHTRVGOA @ﬁ;lﬁ'eferab , for

corrpounds for exanple, preferred are forma dehy e,

egglhl g&lE a El;% ﬁo%@éoﬁ%%{sate%%%@ e§ arg ﬁorrréhdehyde
f I 004
ifefTedef e *an%eﬁl ekiss?#qf SRl thep%ﬁﬁa Fopgro
eRBORRTATF Ll i0s Uil &?&én?mé?%ﬁp berdhors pApRL by modiying the
nonoet hyl am ne det hyl am ne, triethyl am ne,

ab@‘cq:mspty,demn@olak nhmbmlmmudamataem ancdydangk avitheegenerally known
di - n-butylam ne, tri-n-butylam ne, isobutylan ne,

tebhnijnb whch @ bveon aedifiention, asiliven nivdifioatian; ayshosphorus
di -n-anyl am ne, tri-n-anylam ne, sec- anyl am ne,

SR EHEsH | AREaRS metal ShdUYHiABYY | ARTtrBEen HbAGEM AT B&ifur modification,
et hanol am ne, 15 di et hanol am ne, triethanol am ne,

n&! mﬁﬁﬂéﬁ | et hanol am ne, N
a@h{ﬁfl ano am ne ai Fie yl et hanol am ne,

NN- det t hanol am ne, N et hyl di et hanol am ne,
N-n-b i et hanol am ne, N, N-di - n- butyl et hanol am ne,

N et hyI ropanol arni ne, triisopropanolam ne, and the
| i ke. The phenol gerapeind \thp}gtoalge\wpd for obtaining the cationic phenol

polycondensate (D) for use in the invention is not particularly limited as long as the
cationic phenol polycondensate (D) can be formed by a polycondensation with aldehyde
in the presence of an acid catalyst and ammonia or amine corresponding to the
(substituted) amino group represented in the above general formula (I). Examples of
such phenol compound include phenol, m-cresol, m-ethylphenol, m-propylphenol, m-
butylphenol, p-butylphenol, o-butylphenol, resorcinol, hydroquinone, catechol, 3-
methoxyphenol, 4-methoxyphenol, 3-methylcatechol, 4-methylcatechol,
methylhydroquinone, 2-methylresorcinol, 2,3-dimethylhydroquinone, 2,5-
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agents described for the production of the cationic
urethane resin (C) can be used. 20 [0043] The acid
catal yst which to be used for obtaining the cationic
phenol pol ycondensate (D) for use in the invention is
not particularly limted to the follow ng exanples
an udi ng. hydrochloric acid, sulfuric acid, phosphoric
dipaethylresgreinal, Zrethgxynhenel; 4-cthexyphengl étqﬂtylraéqrem% éteﬁbcrxe/- -
acid, lactic acid, benzenesulfonic acid,

np‘—thqzﬂyph@ms @+ propertydpheasl, 2 dsapeorytpheadld 3-ispropylgend, 4and
metal salts such as zinc chloride and zinc acetate.

isbpas®iphedol, 3,4{5atrivseiisyl pleviol) 2-ibpRepoxly pliediol 4-prBpoxyphenol, 2-
conbi nation of two or nore Kkinds. 0044] The cationic

ISR o1 24 X%&gﬁﬁgﬁ;‘ﬁ) n&lD)l-ﬁo%g Q-m&hirlBﬁedom%/gaﬂBl s

contai ned In ss% t0o0 40 W th

PpfERere “’&2 Forafediid el hendtndel 4 BBy, o

re cels deterlorate t here
bmy h@l rqqﬁmonf: Hist-peatylph qn@g&rtr'gntrlogwwﬂlw 2-
in a coatlnglqu|d state, and at a cationic
gmeHQb anhcmdahwi - IQIE)I}’](Pmeé,rﬁ'P}gﬂne&YﬁEnolhﬂl-rphqm)xyphenol 4-

mass% corrosion resistance after cylindrical form ng
hesyloetphenal) 4hexknoyBéyébdinol 13)5-Bhisoprawdcateshbl 4(Heagleésbradiiol, 4-
the cationic urethane resin (C) to the cationic phenol

hBstyMKOPELRABE @tﬂadl(-ta)utyl‘ﬁﬁéribll", $4.8i-£BnyRbResb1 N51dRebiB R/ droquinone,

surface treatnment agent of the invention s
AR Gl el - b PR bl 2 BictoheRor O
i ef%&ﬂﬁﬂeynpgi’mﬁml o BisBheo! e blik S nRB G sed alone or

resistance is deteriorated. 15 [0046] The

imepsmlingtion ofdweer maspkinds.i opmpag these, preferred arg phenel, arergsol, m-
al so include other conponents as necessary, such as

cpelals preoesol; bisphehod A, RRegidrml.S, S-uylenals malntylphenwl, p-butylphenol, o-
phosphate for the purpose of reducing coating

bagfshzhel) 4@11&&5:1?1@&@1 ,Qfd fesyRinodVintlinidhe preférreditxaplds BieCphenol
solvent, a surtactant, or the |like considering the

aﬁ&’ﬁfsgﬂ%dol y. For the surface 20 treatnent film a
cationi ¢ conponent excluding titani um and magnesi um of
net al LdO%l compounds is included, and additive

conpo ent% may al so sel ectively be contai ned.

The aldehyde which to be used for obtaining the cationic phenol polycondensate
(B) for use in the invention is not particularly limited as long as the cationic phenol
polycondensate (B) can be formed by a polycondensation with the phenol compound in
the presence of an acid catalyst and ammonia or amine corresponding to the (substituted)
amino group represented in the above general formula (I). Examples of such aldehyde
include formaldehyde, trioxane, furfural, paraformaldehyde, benzaldehyde,
methylhemiformal, ethylhemiformal, propylhemiformal, butylhemiformal,

phenylhemiformal, acetoaldehyde, propylaldehyde, phenylacetaldehyde, a.-

phenylpropylaldehyde, B-phenylpropylaldehyde, o-hydroxybenzaldehyde, m-
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[0047] The zinc-plated steel sheet to which a surface
treatnent shall be subjected using the conposition

- for surface treatnment of the invention i s not

particularly limted, and 25 exanpl es thereof include
zinc or zinc alloy-plated steel sheets such as a

zinc-plated steel . -18 sheet, a zinc-nickel-plated

Ry b 1,13"&5” P et%}slzfalzﬁﬁﬂw&{fe%c@?@@@@ﬁé@@ &
zinc-alum num plated steel sheet, a

nitrohenpaldehyde umniirehenzildehade, pstitrebenzaldehyde, o-methylbenzaldehyde,
zi nc-al um num magnesi um pl ated steel sheet, a
mzinmethylbanraldelydedp-sietiailbenbald¢hyda, p-ethglbehzabdahy i, pted

steel sheet, and a zinc-nmanganese-pl ated steel sheet,

bifj16dhzaldehRiRPAdE e Ale. € Bieke SithFdunBg mal Bk usidadbior iR
5 'vapor - phase plating. [0048] ~ Next, a nethod of

Y e tr

BB Rr hFpoitpls e, | ARG flsE DO, B ekatipte, profored
surfac reatmept filmon,the surf f a,zinc-plated
o5 foomalophiefs P e e ofy BT ety dsye it ey, and
filmaof the conposition described 10 above is applied
meft prefesred are farmsldshydecandiparadormnaldebyds. dry fil m wei ght
and the resultant is heat dried w thout being washed
with 4. As the coating nmethod, generally well -

known met hod such as roll coater coating, dipping

coat i IByxamples D fiRYantif@ivhitH t6 BOukd foeslhifitpdhe Aftiohtephenol
means for heat drying after the coating, for exanple, -

pf%&‘ri()){&énsatg rgﬁ?’i;]o];r udt fn J-H%/ fifventfbor th&ihad {?SHPIIEE@‘I gk Gh@Rylamine,

nace, rare urnace, or t can pe used.

15 The drying treatnent.is.conducted, preferably.at. a
BRso it P TR dsiuEBie Sl dRedirod g
drying tenperature is hel ow 50C, a. large anount of
dusbrrpPHamitienn-bufylamife, diin-bHtylatminen Hi-ArRuttiHpwe lxebutylamine,
corrosion resistance on a planar surface becones )
diissluftylaminen se:c-wmm'mednmgmmamﬁéﬁmamwlemix@, abowmyksaigg, sec-
it is uneconomcal and also there is a possibility
anyddmitef secihexylaminee2-@thyihek gldmine, didctylammecetiianotamine,
partial heat 20 deconposition of the resin conponent
diéthar¥arhink "riethBfolatink A0 SndthAathaRd Amide] NiAIBAGhakEsnine, N-

above may either be fornmed on one side or ‘both sides

b_?lg}?ﬁg%@érlg%et ﬁg?gfﬂ?tﬂfggé{ﬁ roé_a ng’nlg’ﬁaigée@ﬁ{y%mt%aé&iﬁ& I‘E'i 'm
St Slatniie; Nok i e tating AEN* & Burflectnanathine, N-°

methylpropanolamine, triisopropanolamine, and the like. As the quaternizing agent,

agents described for the production of the cationic urethane resin (C) can be used.

[0043]

The acid catalyst which to be used for obtaining the cationic phenol
polycondensate (D) for use in the invention is not particularly limited to the following
examples including hydrochloric acid, sulfuric acid, phosphoric acid, formic acid, acetic
acid, oxalic acid, butyric acid, lactic acid, benzenesulfonic acid, p-toluenesulfonate,

tartaric acid, boric acid, and metal salts such as zinc chloride and zinc acetate. These
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25 0.1 g/ n2, corrosion resistance after cylindrica
formng is insufficient, while at a film -19 wei ght
greater than 3 g/ nR2, appearance after cylindrica
formng is deteriorated. [0050] In addition, for use
i n househol d appliances, a surface treated steel sheet
havi ng excellent lubprication property for the purpose
cynlysis margpeaged Alope ehia combration of VYhef Molgdities due to
a squeeze nol ding, for exanple, in a cartridge tank
for kEX044kne stoves, as well as having excellent
corrosion resistance after formng, is demanded.

Accor Bhagtionict phengirppdrohddmate TDPfoy us@inahé aivetiémidicoatained in
attain the corrosion resistance after the squeeze

ah HBLRDE 25 tmdssoSh 46 Mds¥? with 1%8}?&{ 1o thORM sol d content Ata

organi c- I nor gani C COfT'pOSI te mis pr OVI on an
ARG Lot CloifhopbeeR P St FER s sﬁlsa?l Kesistance is

reinafter, a f|In1agent for forn1n

d%ﬁ@ 168 P?e{ gheavsiag pavhies suchas that e resin Ef‘é‘dthé%@msti@‘& agelina
[0052] 15 Exanples of a resin to be used for the
centiggiquid state.qadiat a catiquicspheao palyedndensaigdD) aontentrgredter than 40
resin, an ethylene-acrylic acid copolyner resin, an
mps%,ytomsiioﬁ resistfiek water Baindfcal dordting ixaleteidirdied. a

pol ycar bonat e- based urethane resin, an acryl-nodified
silicmpasyesin, a silicone-nodified urethane resin, a

mel am ne- alkyd resin, fluorine-based resins, m xed

pr odu I
Pher ogf mie 38 Q**%w‘%‘%g B r%%hgm%r%@é%é% BeiSkiRpic pherol
e is used fa the ose of
Pﬁ% refonstly @—ﬂ whish e osfingc:itas matal Surfake Sagient pgent f the
press nDIdln pol yol ef i n wax, tetrafluoroethylene
mmss&twrbns prqfw@bly in he rgage of 4x6bie 49:d mese pieferahly injthe range of
lubricant to inpart sliding or abrasion resistance to

4258 te48:53 Jendtmest grefeoralply dGedst  #utiafraase rayiml dfitingeationivoirethane
damage. In addition, for exanple, coloring agents

resc(C) Beatdt AGIY BAKPE) ttabolresbRAe 8 Betedirated.
wat er - sol ubl e epoxy, a 25 curing agent such as a

si | angoggpp! i ng agent, a solvent, a surfactant, or the
ke, gpalso -20 be incl uded.

The above-mentioned composition for surface treatment may also include other
components as necessary, such as phosphoric acid or phosphate such as ammonium
phosphate for the purpose of reducing coating appearance to take on a yellow tinge, or an
organic solvent, a surfactant, or the like considering the coatability. For the surface
treatment film, a cationic component excluding titanium and magnesium of metallic
compounds is included, and additive components may also selectively be contained.

[0047]

The zinc-plated steel sheet to which a surface treatment shall be subjected using
the composition for surface treatment of the invention is not particularly limited, and

examples thereof include zinc or zinc alloy-plated steel sheets such as a zinc-plated steel
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[0053] The drying treatnment after applying the

organi c-inorgani c conposite filmagent is conducted at

‘a peak sheet tenperature of about 100C to 250C. Wen a
heating 5 tenperature is below 100C, curing is
insufficient and corrosion resistance on a pl anar

ﬁurface deteriorates, and when a heating tenperature .
sheet. Aqenissplcplated steel shpdcdasicebalt-rlated steekhestya zinc-aluminum-
corrosion resistance on a planar surface deteriorates
plited steel Sheetn adzinepiagnesvmrplatedoyeet shwiet) adinpeatpoiium-oragnessum-
the surface treatnent sheet, the resin filmdescribed
phtal/steslaliect ssinelrbhplatddestded iR (] aGincodtRome eated stédisheet, and a
sides of the steel sheet. 10 [0054] The fil m wei ght of

ZI qn _ . . X . .
R L et R Bl gl B s ARl ine. or
vhS SN d 9/ M2, corrosion resistance after

sgu eze formng is insufficient, while at a film
meighi%g&iater than 5 g/nR2, scum readily generates

upon gueeze form ng thereby causing problens such

as poor 15 nol ding upon continuous press nol di ng.. ) )
[ 0055NeRy am@mmﬂ%ogwu@@aﬁu&‘:ie insaigd steel shoeind dhe igvention will
filmand/or a surface treatnment (post-treatnent) film

be describedg In driérao iform the spdave dreatinemt filra ©nuhe suefipe ofdlzina-plated
cationic wurethane resin (hereinafter, referred to as

sieerdhRa & shfsdeeathint Rodhd Svhith fbAAS fikA Bf ARlcoAPbsitidPdescribed
functional group selected fromprimary to tertiary

S BARB R R SRV, PG st
ST SRl e ey B RS ey e

chromate-free surface treated steel sheet of the

kpoiys methad such anrollgonter gpating, ¢inRINg Cpaigs PLFTER), coating can be
corrosion resistance after the form ng, and ethano
empliyed.ande theamedns folhieat drythg affer tMecoating fier example, a dryer, a hot-
exhi biting such properties are not clear, but possible
aioven)id high-freqddnciriaduation ilnave) dn iBfraftd Fomaéis dr BRIk .can be used.
However, the invention is not restricted to these.

e R S B Pt A R e oL about S0°C
t(? g?@%ﬁWﬁd&i&?ﬁ%%&gg is below %]JC, %flartgg amount o tvslla?er} content

in the film remains and thus the corrosion resistance on a planar surface becomes

insufficient. When a drying temperature is above 250°C, it is uneconomical and also
there is a possibility that defects may be occurred to a film due to a partial heat
decomposition of the resin component in the film. The surface treatment film described
above may either be formed on one side or both sides of the steel sheet.
| [0049]
The dry weight of the film formed from the surface treatment agent of the
invention is, for example, in the range of 0.1 g/m® to 3 g/m®. Ata film weight less than

0.1 g/m?, corrosion resistance after cylindrical forming is insufficient, while at a film
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5 of the surface treated steel sheet and baking is
performed. [0057] An OH group on a benzene ring of

t he above-nenti oned phenol resin in the surface
treating (post-treating) agent of the invention, is
pol ari zed due to differences in electronegativities
in water giving H (hydrogen) 8+ and 0 (oxygen) 6-, as
Wdght exeater 81\4’1 3 W wARREATIN sylindrical formingas deétetierated.
compounds contai ning titani umand magnesi um give 6+
wher ed@0X0the r enmi nder gives 6-. Since change in both
sides is occurred upon the filmformng reaction,

posi t iy edditie) #5084 ih héwBhi18aBpliAHBeH) 8 SifABeltRAIN sRePQRE: having
with O on a benzene ring due to an el ectrical

j -on: r [ [ Ly
ch PR ER b ion ORI Tor R PuftdON G AL WA AR FeckiPlng
rfac f the surface 15 treated steel, sheet_through
BtbaR iy o sReedb o fife it SaRBlety S ot gk fot Fongphe stoves,
crosslinked structure for the entire film |In
as sveflias hipving exqallepl qomsopion yesinkance efterigraimgaisslemandadd
thus contributes to enhance the crosslinked structure.
Acgosigigly, ithe present nvestdrs heae faundtthaing atalh ds coerosion résistance after
generated on the surface treated steel 20
tlehepedpd6Iming st isetfebiivaif b WeHtnd@e dthshit-thorgiid QnipYsit®Rlm is
of crosslinked structure. An excellent interface

PRSI G P RE Tl ¥r dﬂ;% %lgfaﬁé trE%l;ﬂ/'fen{ £iftn fd?&l%@ﬁo@?—rﬁe?@élg{dssurface

such as water and ard I nvade the 1 nter

' ffect on corrosion factors of post- treated
tf?@ﬁ?#%@%?&; which is formed by a strong crosslinked
struckﬁﬁg as descri bed above, is a fundanental factor
for e lting corrosi on resistance on a pl anar
surface (corrosion 25 resistance which is the base for
a posHereinafies® flmaagedt for fyminghareorganit-inorganicresmpdsite dilm will
-22 [0059] In addition, a surface potentia
badedcdbed.zi ng ef fect described below is al so assumed to
be the factor for exhibiting corrosion resistance on a
pl anajoosg] face. [0060] 5 The phenol resin is a
conmpound havi ng a resonance stabilization structure,
and aEx&rhﬁl%ﬂ gf‘e SRBYYRLed fir theldr %-iﬂo?éh%@%o%nho&iﬁg film include

COfT'pOUI’]d. ectron conftl guration O
d t nt t ak | in.the 3d
a% ?‘éﬁ’éf“@p ap ﬁh‘g’ e“é%gﬁy i€ acid copolymer resin, an S‘S&y' resin, aepo?yol-based

urethane resin, a polycarbonate-based urethane resin, an acryl-modified silicone resin, a

silicone-modified urethane resin, a melamine-alkyd resin, fluorine-based resins, mixed
products or addition polymers of two or more resins thereof, and the like. As the
inorganic component, silica or the like is used for the purpose of improving the corrosion
resistance. In addition, for a press molding, polyolefin wax, tetrafluoroethylene wax, or
the like, may also be used as the solid lubricant to impart sliding or abrasion resistance to
a steel sheet and to prevent surface galling or mold damage. In addition, for example,
coloring agents such as inorganic/organic pigment and dyes, water-soluble epoxy, a

curing agent such as a silane coupling agent, a solvent, a surfactant, or the like, may also
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whereas the electronic state in the 4s orbital of

out ernost shell does not change. Thus, titanium has

an electronic buffer effect of 3d orbital, and the

el ectrochem cal property 10 hardly changes even when

el ectrons are accepted. A filmfornmed by containing

t he henol resin and the titani um conpound reacts
Roudednpt al 1ic surface and fi rmy bonds thereto, and

thus an action of delocalizing el ectrons generated due

to thE0S38irosion of surface treated steel sheet, in

3d orbital of titaniumand/or in a benzene ring of the

phenolThe dpghgitredt@entaftét agpdyingdearginicinorganivecompobe flm agent

potential is uniformy kept. This is 15 thought to be

: ' [ $ OV on I :

1 RUBALT & Pk A T BB R 0D K SR o e AR fing

a planar, surface of the surface treated steel sheet,

teIpRETRHF IS BEtodt 100°¢ neringils @S\lﬁgtenv A coTSion resistancy o A planar

surface of the zinc-plated steel sheet, are

sinfsuefdetetiopated, yndivhen ahehtingltgmpratuteds Bbae@50@ynt isamecdonomical

above. These properties 20 are further inproved by

afd s hd BIFRDNYRidthR oA lardaf S@tRE dblelibRated dUB ¢ARh dBfects
for this exhibitionis as follows. [0062] Since

cndd %§'rgg§g iflgco Osition SJAE esﬂrtﬁ#é’ t?%h&i&ﬁ sﬁe?et, ??Jggf@gn described

apbove”exli sts near a surrace o e surrtace

teel sheet,. thereby achievi tabi|lization of a
aBevisBay Ao Fither-Ps Terad s oo S D b8 sides op stk et
exanpl e of which is basic zinc chloride produced on
-23 tRO54iirf ace treated steel sheet, particularly on
an outernost |ayer of zinc plate, where the dense
cor r oghe filprvesigitttof ter organi@moaganar congrosite fibm is, foreaample, in the
assuned that the effect of preventing a white rust
rARRITBII g’its st%m%‘: eXtY Hint R€ightliesy BkP0Q,g/int, dofrosion resistance
essential for the invention that the phenol resin,

ahgpsc{éfeéﬁ%ﬁmg%qgﬁlgﬁ‘@i@ienﬁ E\glél]te Ea %?ég#' BraRIRANED /R, scum

are toexi sted, remar e effect I nprovi ng t he

cof.r 0si on resistance on.a planar, surface i.s found for
TRy e EEteD R [ SHHeCgR B BRiey Sising bl dichy as pdor

Further to the above description, although titanium
mme{dingipRB §PRIAUSHSDICERNOINE M t he metal | i ¢ conpounds

contai ning titani umand nmagnesi um whi ch are bl ended in

a 10 pod¥SJtreati ng agent are incorporated in a

crosslinked structure in excess or deficiency, the

By providing an organic-inorganic composite film and/or a surface treatment

(post-treatment) film including a titanium compound, a magnesium compound, a cationic
urethane resin (hereinafter, referred to as urethane resin) which has at least one cationic
functional group selected from primary to tertiary amino groups and quaternary
ammonium bases, and a phenol polycondensate (hereinafter, referred to as phenol resin)
which is a polycondensate of bisphenol A, amine, and formaldehyde, on the surface of
the chromate-free surface treated steel sheet of the invention, remarkable white rust

resistance, corrosion resistance after the forming, and ethanol resistance can be obtained.

Mechanisms of exhibiting such properties are not clear, but possible exhibition
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excess distributes in the post-treated filmor over

the surface of a plating steel sheet as a netal salt,

and mgrates over the course of tine in a corrosive

envi ronnent over the surface of a plating steel sheet

in a formof salt or cation. Accordingly, it can be
assunmed that the synergistic effect of passivation
TResheRIER W be desaribéthbeloi SHaweyer.Ahe inyantion isnpltestrigied to these.
magnesi um on the dense initial corrosion product a

repr e$@6ht i ve exanple of which is basic zinc

chloride contribute to prevention of rust generation

on a [Mcahed asduard tha iesfollowaig fileitodming rekdtion ahd poperty
generation on a zinc plate. [0064] In addition, the

SRIbERR P80l chRed WhEh § pbiiitdalih inhtibh fs3}
ermgnesi umo 20 descri Seﬁqg%géég%sn@gf@gg%‘%%gﬁ %S\?dgb }lfér? B8 surface
t th l.ate er he pl ated steel sheet
ogu esst%ftg%eetr?age e%??)egglé%@ “}gslggﬁr&@be y cracks or
exfoli®ti n of the post-treated filmdue to form ng.
Especi[ 5I7§/) in the case of zinc plate, since nmagnesium
existing in the post- treated filmmgrates in a form
of saln QH greup wra banzeneaing0fthe ebbveementivhed plenol wsia in the
and acts thereon, a dense initial corrosion product a
sfoearatih@(jogBtreatmgphgenodf thl irtlenticn, iogdlarizetd dae &bdifferences in
chloride is stabilized, and thus the corrosion
eleREbgafiGifiein Witerd Gk MO (HyardgBRY V&R OYoxy; @]5-, il
preventing the \/\/ﬁi%ﬂgﬁrgusg ygfaner ation. )(([»8’55 aswellas
' ' I: . form such as .
R B Frop S L B0 ol ELE SES A b 88 rfinesium
surface rubping of,the st-freated f.ilmcannqt be
] aiercas e rastider E1VeY e Singeahangs B, boithudes e eqsifred upon
inventors have tried to i ntroduce the above nentioned
frming-repetionh pesitivplochanged titandwmnisrmagpesien fermsceond with
and extension so as to inprove the corrosion '
Q o2 benmenering thee tof apraiéctrigal itberactions uiFurtbéretha above-merfitioned
urethane resin is added to a post-treating agent, and
positivl Sharpéifahineh &OBiEnekiSmAoRibife vAtthe RefacedEifid \irfase
subj ected, a crosslinked structure is forned through a
tfdell QRernBey gy o en i
- o o KRV chotetd Bten, MLy dinifh £L

I nteracti on en a onal” group o n

f r et hane.resj.n .and ol.ar, gr.oup such.as an OH
ool HGUAIRERS SRR T BEBT P SR B0 B Ehvtem
uret hane resin and the phenol resin are distributed in
aﬁé&é’ﬁﬁ utes foshbance the grogslinked strigteentire film the
entire filmis provided with flexibility and bears

fil m £G028ki ng

It is assumed that a strong adhesiveness is generated on the surface treated steel
sheet/post-treated film interface due to the formation of crosslinked structure. An
excellent interface adhesion property indicates that the corrosion factors such as water
and salts hardly invade the interface. A barrier effect on corrosion factors of post-
treated film itself, which is formed by a strong crosslinked structure as described above,
is a fundamental factor for exhibiting corrosion resistance on a planar surface (corrosion

resistance which is the base for a post-treated plated steel sheet) of unformed plate.
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and exfoliation even upon a cylindrical nolding. Thus,
the post-treated filmmintains 15 the effect of
‘preventing penetration of corrosion factors such as

wat er and salts possessed by the film and it is
assuned to exhibit an excellent corrosion resistance
after formng. Evaluation on the appearance of

cyl i nB1058hl nol ded article is preferably conducted in
accordance with the foll owi ng appearance eval uati on

( AL vhi addétidme b cudacarpdtentialt wriformezingeftert ddsciilyddi bredirw ésadlso
nmol ding form ng. The AL val ue said herein indicates a
astmét ftd BE BIRGBCtOf fok e)ﬂﬁbiﬂiﬁ? cbebabereaiRthngd bred plahigr suefate.

whi ch are nmeasured by colorinetry in accordance with
Hunt e[P Ehni que. The eval uation can be nmade in
accordance with the follow ng standards: <Eval uation

St anday d>, Vi enerated areai

So6 25 1hS Bhefkl st e copnenE R EoRotCyiih s, and
| ess than 15% -25 NG = white rust generated area is
tiiambare COMBPERG 6 alt@asition meiabompEInd. \The leran ¢ Jéieuration of
area is 30%or nore to less than 50% VB = V\,hlte rust
titpminem & 34ely @l dlectHOAccaptance takEOPIBE in the Therbitakefianes shell
resin is generally fully conpatible wth al cohol such
whsredt R ctronRsthaté Bithe Yherbitabofouiamost shelddedsinot change. Thus,
swel l'i ng when brought into contact w th al cohol,

tmmﬂ hhd'&d %&e@ﬁ@r@ﬁfe&%@% okBital '&W&M&h&ﬁlc’é}ﬁﬁhperty
as t

at softening of post-treated I'mand fil

strength are dete ated an netr

hf]rg EPHYo™ nfe:lqc %a%cr m%t e ccorgé%g‘ﬁr{t&%n%%e
nt on, [esent inventor ave f.qund .t hat

pb@tﬂﬁ é%é%arr Eltlf?g‘ﬁﬂ?‘ CP@gﬁ!ﬂgivdarﬁ%fés P ﬁ&%ﬁ? Syfagg and Hfmly bonds

controlling the nmass ratio of the urethane resin to
thasetncandghesarcaction of delpealizifg elessroph sensratecddyerfoithe ¢qreosion of
film In the case of a film wherein the urethane
sturfadertreated stded shlet o Bd pebétahofatiteniinn andfoa irdobénzensting gf the phenol
state and the phenol resin is mainly conprised,

ré&in, 8¢ proRfde@ONALEIHingsy, HeatHadd pdtdiftial ishiiﬂfﬁﬂhl%@(@pby This is

swel [ Ing of the urethane resin is exhibited, and thus

tﬁ&ggﬂl ioaJ R0 A3 of 9&?& dloxfesﬁtgﬁcef prbadPoth &}aﬁﬁ{ %{r%an o

urre even I n conditi on of contact
whi ch @ﬁé npani es rubbing, thereby it is assuned to
exhi bil #gnificantly excellent ethanol resistance.

However, the corrosion resistance on a planar surface of the surface treated steel
sheet, and particularly the white rust resistance on a planar surface of the zinc-plated steel
sheet, are ‘insuﬁ'lciently obtained only by the factor mentioned above. These properties
are further improved by adding magnesium in a post-treated film. A mechanism for this
exhibition is as follows.

[0062]

Since magnesium in the crosslinked structure as describcd above exists near a
surface of the surface treated steel sheet, thereby achieving stabilization of a dense initial

corrosion product a representative example of which is basic zinc chloride produced on
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For the sliding test, a conmmercially avail abl e gauze

is attached on a flat slide having a sliding side of

20 mmin di aneter, ethanol is-thoroughly inpregnated,-

and then reciprocal sliding is repeated for 10 tines
under test conditions of pressure of 100 g/cnR2, 20
anplification of 100 mm and speed of 20 mm sec, wt
thergurfgeetreatedssted shest.clagicularky o dnmiermesiarss of gncdjlate, where the
Thereafter, change in appearance of the sliding part
defisetcherosibn pridect sshests a bareienfilmtitchn be aswoedithatcbe vifeds of
the follow ng standards. <Evaluation Standard> VG = no

pERRAGE; 4 Whﬂ@ﬁ%ﬂ%%féﬁa@ion 25thiss exiEbitaiht ThBRAGHE, it [ essential for the
appear ance -26 = obvi ous change in appearance B =

. . . = |

RS 2l LA Mo N L BB pound

o R e G R sl P il R Ao T elrebBigton a planar
corrqgsion resistance on a planar surface (white rust

spidageds fovad for the drst simedy; ablowingthemdacecdtt er f or mi ng

can be obtained with bal ance by providing a
post-{081ed filmon a plating steel sheet by applying
a post treatnment agent containing a titanium

ConpOFaftherdo MRODOSE BEBCH PG dliibugh titardtraand makfesiwaiprovided
and a phenol resin. Fromthe viewpoint of inproving

f{gﬁ? ﬂfé%&fﬁﬁig ggmgﬁcﬁstc@ﬁ'tﬁﬁu@é fit8hiufnOnA sne iR Whieh SrethIended ina

nown ne s revealed 1n this invention that the

above-. nentioned 4 conpon i.al

PR RGinB Bpen RS PRt 10 8 o TR SR i el b Bt RSency, the
sui tapl e amunt, and th resent jinveption is.the

eKFGss lsm@tﬁnaﬁfwstsﬁﬁede filoe ARPYfEhe aﬁ%@@%ﬁm geeljspeetas a
is hard to ensure that sufficient corrosion resistance

roctal sol, avidiraigrases ayer the coyrse RELiBIS A 8 CABRTYS GREOREENLIVYER the
carrying out a harsh nol di ng, which nay cause change

surfacet efadl platieaited] Bheek inasformfof sileoptatiphn gAstardinglhi ean be

such as squeezi ng acconpanyi ng danmages on a surface

akéuniBd theQRE SirReListR difeet dPasIvAtion fusictida of &ikdnfum and stabilization
| nprovenent on

effect of magnesium on the dense initial corrosion product a representative example of

which is basic zinc chloride contribute to prevention of rust generation on a plated steel

sheet, particularly white rust generation on a zinc plate.

[0064]

In addition, the corrosion resistance exhibiting effect of titanium and magnesium
described above is also effective in parts of the plate where the plated steel sheet
substrate is exposed which is caused by cracks or exfoliation of the post-treated film due
to forming. [Especially, in the case of zinc plate, since magnesium existing in the post-
treated film migrates in a form of salt or cation over an exposed part of the plate and acts

thereon, a dense initial corrosion product a representative example of which is basic zinc

chloride is stabilized, and thus the corrosion resistance after forming is improved by
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20 corrosion resistance even after a harsh formng
such as squeezi ng can be obtained by providing an
organi c-inorgani c conposite filmon the post-treated
film An assuned nechanism of exhibiting this
property will be described. [0069] When the

organi c-ingQrgani c conposite treating agent is applied
PERYENtng:the BARE Fust 8omerations upj ect ed, a crossl i nked
structure is formed through a hydrogen bond, a van der
Waal s{0065p7 force, or a strong interaction between a
side chain functional group having polarity of the

ur et haanwiie, Roaoslomresistdngé gy formiig Bvhals cglisditabioRling
side chain functional group of the phenol resin, on

v&%%@&hﬁhﬁé’s‘e&aﬁ{s ok BEFRR %Bﬁiﬁ%@itptgg ggé.t-ltf&teé Him@asdADe defined

chain funhctional group havin rity on an upper

A T e (NG

conposjte filmand post-treated filmprovidin .

nieﬁflng? @th%ﬁ]’@?in\?@ﬁglégmi"@ef PHBHity fﬁfﬁg’@kﬁ #pd extension so as to
_organi c-inorganic conposite film in addition to man
imgplese therappresion eesissance aBepfosmingr e AYken af suitahle Amount of urethane
function of preventing cracks or peeling off of the
r@3isis-atldabtoerbdst-traatihgaigtnt, andhe postitatinggpentisapplied and then
squeezing, and also a barrier effect on corrosion

bhiafg Ws%b{ét:teﬁb@ clokdlikbd sRlcture i folReAHPOUFRA Hy@rd:%ﬁ' bBAd, a van der

10 excellent corrosion resistance after form ng.

LS 0 T OO
R T TSR S T e Y B R, B,

metallic materials to be treated, and the conponent

singg therusethansrssinand themheneliyesie avestistehuted ) a randemlyrratangled state
conmponent (D), of the surface treatnent conposition,

ovitti thé entive fidmyithe enfirer filda ppdvidedawith {Texdiitityedridieatsfdnpdracking
are shown in Table 1, Table 2, Table 20 3, and

afi@egfoligtidrodven RBb® WeyliriFiegiahoMplgy - ThS the post-treated film maintains
organi c-inorgani c conposite filmconposition is shown

AR 5 i i AP BT g
b? ‘?ljleoﬁ\fm, %Hg ittiQ gss%}/n%ld 0y é)iduotg}t Iy g#clehgnt %Er%ossi(r)]r? Weistance after forming.
Evaluation on the appearance of cylindrical molded article is preferably
conducted in accordance with the following appearance évaluation (AL values before and
after the test) of cylindrical molding forming. The AL value said herein indicates a
difference of L values before and after the test which are measured by colorimetry in
accordance with Hunter technique. The evaluation can be made in accordance with the
following standards:
<Evaluation Standard>

VG = white rust generated area is less than 5%

G = white rust generated area is 5% or more to less than 15%
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in Tables 5 to 14. [0072] 25 [Table 1] -28 TABLE 1
Zinc-plated Steel Sheet No. Type Content 1-1 E&O0
El ectrogal vani zed steel sheet (Adhesion amount of 20
g/nm2 per a side) 1-2 ZL20 El ectrogal vani zed- 11 mass%
ni ckel plated steel sheet (Adhesion anmobunt of 20 g/ nR
er a,side) 1-3 390 Hot dip Zing-0.2 % al um num
F&ﬁmeﬂ%epn%e%ma@Wegmﬁr erithas3%8e g/ ne per a
side) [0073] [Table 2] TABLE 2 Titani um Conpound (A)
BNowhify pst gentrazedarga 8 39%or2méreo Bsgthain30% 2-9 2-10 A-1
titanium hydrofluorate 0 0 00 - - 0000 A2

VB + ahite fust gededdted are®is50% ormore - - - A-3 Titanium
acetate - - 0 - - - - - - - A4 Titaniumnitrate - - -
O - -[ooes] - - A5 Titaniumphosphate - - - - 000 - -
- A-6 Titaniumcarbonate - - - - 0 - - - - - A7

B It ggﬁ)%ﬁ% ! aTt: {Gegm i_EI ﬁ{:qe}qll'yj%l_lif 961_nf)'i1}ib_lé6‘§v§p alcohol such as ethanol,

artx)ci til%g\teﬁf%lesarg tgq?; g‘i‘?@ﬁ%éé’r . tv%@i'gijgg]ﬁg? rrgltlght :intg) cbnt:act:wi:th élcghol,
w?ng[g\lg}mer)ab}? g;ur;escgerglpeggeeirrlltﬁhinsprcrge)i't?gs siugh quglg'l so?’cr;onililgtof ZIa)r(])gt-treated
film and film strength are deteriorated and penetration of corrosion factors into the film
are promoted. According to the invention, the present inventors have found that
decrease in ethanol resistance is prevented by controlling the mass ratio of the urethane
resin to be not greater than that of the phenol resin in the film. In the case of a film
wherein the urethane resin and the phenol resin are in a randomly entangled state and the
phenol resin is mainly comprised, effect of controlling slack of the film caused by
swelling of the urethane resin is exhibited, and thus exfoliation and damage of the film
are hardly occurred even in a condition of contact with ethanol which accompanies
rubbing, thereby it is assumed to exhibit significantly excellent ethanol resistance.

For the sliding test, a commercially available gauze is attached on a flat slide
having a sliding side of 20 mm in diameter, ethanol is thoroughly impregnated, and then
reciprocal sliding is repeated for 10 times under test conditions of pressure of 100 g/em?,
amplification of 100 mm, and speed of 20 mm/sec, with the use of a commercially
available Bowden tester. Thereafter, change in appearance of the sliding part of the
treated sheet is evaluated in accordance with the following standards.
<Evaluation Standard>
VG = no change in appearance

G = slight change in appearance
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O represents constituent [0074] -29 [Table 3] TABLE 3
Magnesi um Conpound (B) No. Type 3-1 3-2 3-3 3-4 3-5

3-6 3-7 3-8°3-9 3-10 B-1 Magnesium- - - 0-- 0 - - O
- nitrate B-2 Magnesium- - - - - - 0 - - - sulfate
B-3 MagnesiumO O O - 0 0 - 0 O O biphosphate B-4
Magnesium- O - - - 0 - - - - carbonate B-5 Magnesi um
NG = qpvious change.in appeagpne at e B-6 Magnesium- - - 0 O -
O- 00 fluoride B-7 Magnesium- - - - - - - - - 0
Box ipdetiaBexpokagro€substmate - - - - - - 0 - 0 hydroxide

Not e) each conponent is mxed in equal anmount and nass

VREicomplktd @g};ogmr@,tfgmggga&t ituent 5 [0075] (Components
of Surfpace reat ment Conposition) (1) Cationic

Ur et hm% feesi ns (C (1-1) cationic urethane resin
(G111 8 parts by mass of pol yether polyol (synthesis

conpopents: tetranet.hyl ene . .
il Rs Qbove, tthe present 1n¥en?ors have conducted extensive studies, and as a result,

they have found that excellent ethanol resistance, corrosion resistance on a planar surface
(white rust resistance), and corrosion resistance after forming can be obtained with
balance by providing a post-treated film on a plating steel sheet by applying a post
treatment agent containing a titanium compound, a magnesium compound, a urethane
resin, and a phenol resin.  From the viewpoint of improving the corrosion resistance
after forming, there are no known methods as revealed in this invention that the above-
mentioned 4 components are essentially blended for a post treatment in a suitable
proportion and suitable amount, and the present invention is the first one showing such
technique.

[0068]

Also, it is hard to ensure that sufficient corrosion resistance can be obtained only
by the above described way after carrying out a harsh molding, which may cause change
in steel sheet thickness of the plating steel sheet, such as squeezing accompanying
damages on a surface film. According to the invention, remarkable improvement on
corrosion resistance even after a harsh forming such as squeezing can be obtained by
providing an organic-inorganic composite film on the post-treated film. An assumed
mechanism of exhibiting this property will be described.

[0069]

When the organic-inorganic composite treating agent is applied and then baking

is subjected, a crosslinked structure is formed through a hydrogen bond, a van der Waals’
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10 gl ycol and ethyl ene glycol, nolecular weight of

1,500), 6 parts by nmass of -30 trinethyl ol propane, 24
parts by nass of 'N-nethyl-N, N-di et hanol am ne, -94 parts

by mass of isophorone diisocyanate, and 135 parts by

mass of nethyl ethyl ketone were charged into a

reacti on vessel, and the m xture was reacted for 1
forgeior aysirpRg Higractionheineen geside hapcunetianal grouw beying paletity of the
to produce a urethane prepolynmer. Into the reaction

uraghane Irgsirsaribarp@H: groly omesdarcdrout ot $igé cleain fumconahgroup of the
charged, and the m xture was reacted for 30 to 60

phtrol ke, ah ad uh@erigfeabiihe posittréedd fHith, andla 614 chain Fiieasl group
a cationic urethane prepolynmer. Further into the

hhGAg gglgfltyvﬁa;ﬁaﬁrﬁpeﬁ Fa?elp&ftﬁé%lg)(nigﬁﬁ&gﬂif %@gﬁ%slitg???me g ’As a result,

char xture was nogeneous

the nethyl ethyl ketone wa recovered, to ..
300tk 5 G el GNora P o e B RS paf eRleB i e Siing
.10 40%@8&,(1-21 %ationic,urethane_resin (C2) 135 .
infetface aghesienessi fgrmegestiare e iopaniq-wgraaRcomposite film, in
conmponents: isophthalic acid, adipic acid, and
addigom tomamyiother, prapefties ¢fithepest-tiested filmpdsadunetionvadipgémenting
of 1,700), 5 parts by mass of trinethylol propane, 22
craakd or peglingoff of thelosBtréuydd ln\dwb total bl fofthing suébaslsyueezing,
parts by nass of isophorone diisocyanate, and 120

aRBAS a BYrrEREFe@lon¥BErbYbn Bl of4BL GNE itséﬁ?,ri?is%gﬁﬁr%C{g exhibit

into a reaction vessel, and the m xture was reacte

. Whi J. ktaining the tenperature at 70C
T

nafRe prepolymer. Into the

éeacti n vessel, 17 parts by nmass of dinmethyl sulfate

[ Bl rged, and the m xture was reacted for 30

mnutes to 60 mnutes at a tenperature between 50C and

60C t B0076] produce a cationi c urethane prepol yner.

Further into the reaction vessel, 615 parts by nass

of waHereinafisr, dicaprgset invinetion willbeadesertbeld dmngea detaid with reference
emul sified, and then the nethyl ethyl ketone was

td Exdnsleeshd COmpAthavdE sChutShé HveRtisiEE nelimited R thedee
resin (C 2). [0077] -31 (1-3) cationic polyurethane

E&gﬁbﬁ&(C-S) 130 parts by mass of polycarbonate polyo
(synthesi s conponents: 1, 6-

[0071]

The metallic materials to be treated, and the component (A), the component (B),
the component (C), and the component (D), of the surface treatment composition, which
were used for Examples and Comparative Examples are shown in Table 1, Table 2, Table
3, and descriptions below, respectively. The organic-inorganic composite film
composition is shown in Table 4. Also, treatment methods of applying a treatment
liquid and evaluation methods are described below, and the evaluation results are shown
in Tables 5 to 14.

[0072]

[Table 1]
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hexanecar bonat edi ol , and et hyl ene gl ycol, nol ecul ar
wei ght of 2,000), 4 parts by mass of

tri met hyt ol propane, 21 parts-by mass of

N- net hyl - N, N- di et hanol am ne, 75 parts by nass 5 of
i sophorone diisocyanate, and 115 parts by nass of

1{/&5@% ethyl ketone were charged into a reaction
! Zinglated Stsdl Rh%fte was reacted for 1 hour while

maintaining the tenperature at 70C to 75C. to produce

Nair ¢t igree |prepol yner. Into the rGmenton vessel, 22
part$ by ss of dinethyl sulfate was charged, and the

EGYR$ reacted Tor d(.E edgggyfv%ﬁzéd) géfsm&]ut es al a

ratur ¢ between 50C an to pro uce a cationic

et han¢ prepol yner urt her reactl 0
|, 633 parts by ‘?n%‘?‘&l g&é HEF §SHE) ¢ he

¢ honmpaoeneouslv emulsified ::md then the
| Zlgd0h

| ket ofidectragalvanizesl bl mass% vicke)tpkited steel sheet

wat ef - sol ubl e cationic pol yur et hane resin (C 3).

[0078] (1]4) cationi Adbesien ahbanef p@ gint? HeEadiel5 135
part$ by ngss of polyester polyol (synthesis

qofp

eS| 's ODnIHtﬁgitE;ﬁZﬁlglnng nﬁaQS‘% Fluﬁuﬁ\?ﬁé lated steel she:ﬁ:t

exanedli ol , and glyco ar wel

o o N ﬁét%ﬁﬁsﬁim‘@aétﬁt RER AR R 8538 o 1 s

1l pari. by nass of

y- ani B¥FBbpyl tri et hoxysi | ane, and 120 parts by mass
of methyl ethyl ketone were charged into a reaction
vessel[Tab&nZ] t he 20 m xture was reacted for 1 hour

whil e maintaining the tenperature at 70C to 75C, to

mzmt@mﬁm&ﬁmrmol ynmer. Into the reaction
vessel, 17 parts by mass of dinmethyl sulfate was

o get,aqlc THe T KOUr ¥ oV o 5988 129 [ 210
tes at t enper ptureg ¢t ween , tp
,Qf 0 Ufitenitin hydforlioite P18 |120¢E | PHE : o}l o
t he reactlon vessel, 615 p#r vat ef wa
G sditE L UT £ Wa$ gofogeneoudr v {32 TH‘U'I'NU [o PR I
then the nmet hyl [ethyl ke¢tong wa$ regoveged, |to
ABLRAI N Brafihrh Yoetatd DAl {1 €d] -WhT@rjsol gbLelcatifoni N N N
pol yurethane resin {CG4). [9P079] (1-5) |catijoni
pal yur etisiaenir@s | N |G 5] 5 150 paot$ by|masg of | - - -
pol lycar bonat e pol yo} (synt hgsi s|conmponepts:
A-5 3} di Tistibra phosphatone| and] 1, 61 hexfnedij 00, | nol ¢col ar - - -
weijght of 1.700), 6}part{s by nmags of
A-6 Titanium carbonate - - - - 0] - - - - -
A-7 Titanyl sulfate - - - . -l1o}| - - - -
A-8 Diisopropoxytitanium - - - - - - 0 - - -
bisacetylacetone
A-9 Titanium laurate - - - - - - - o) - -
A-10 | Titanium acetylacetonate - - - - - - - - 0] o

Note) each component is mixed in equal amount and mass ratio
O represents constituent

[0074]
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tri met hyl ol propane,

N- net

i sophor one dii socyanat e,
N- (13- am noet hyl ) y-
135 parts by mass of nethyl
charged into a reaction vessel,
react é8b®3] 1 hour while maintaining
at 70C to 75C
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24 parts by mass of
hyl - N, N- di et hanol am ne, 94 parts by nass
2 part by mass of :
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wat e and
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subj
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t he
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addg

QMidghbdiufi G

ecidcaale t g
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untifl it
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Note) each component is mixed in equal amount and mass ratio

O represents constituent

10

[0075]

(Components of Surface Treatment Composition)
(1) Cationic Urethane Resins (C)

(1-1) cationic urethane resin (C-1)

150 parts by mass of polyether polyol (synthesis components: tetramethylene

glycol and ethylene glycol, molecular weight of 1,500), 6 parts by mass of
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tenperature was raised to 80C, and the reaction was

al lowed to take place under stirring for about 3

hours, to obtain a-cationic phenol pol ycondensate

(D-1). [0082] (2-2) cationic phenol polycondensate

(D-2) 15 Into a 1000 nmL flask equi pped with a reflux

con er, 1 nole phen
trnetBY lgBRRan £ s D b ahis egt‘larpsﬁfgylgll’xb&de%atag%e 94 parts by mass
the tenperature inside was raised to 100C. Thereto,
obisgphasene diBogyagyte pdndal3 Spguie by snasooimetbyil eshy! ketone were charged
formal dehyde was added over 1 hour, and the m xture
inaa reaetion esksélpandthé alixtarewgbaeadted fout hmtr WAl maintaining the
Thereafter, the reaction vessel was cooled with water

té\ﬂﬂrzﬁtﬂe%‘("?@"d 1% ’gb@néﬂ) B&dc a urtthis eﬁﬂ p;gecpﬁrt@ﬂ O‘I'ﬁ’t Qﬁ‘esl%a&fon vessel,

aqueous |ayer sép ate ayer

AR T e A

stirring unt|I it reaches the tenperature between 170C
66 minutesat a temperatvps betwgen dhandt)°Canpoadude a satipnignsthane
content. [0083] -34 Next, the tenperature was | owered

petpolynied 1K GHher ihtatthg redction ydsel; 876 pat Biemassas watkit ehsicharged,
conpl etely di ssol ve the pol ycondensate, and then 234 ¢

tHRfmiRUIrE Wi hEthoY¥ euﬁﬁglﬁq}sm%ﬁ ghdBeiMhe Wah A n@ %(etone was

tenperature in e systemls 50C,

5 4 TR Rl RIS % o

was a&g? dr opwi se over about 1 hour at 50C. Then, the
t enpe e was raised to 80C, and the reaction was

all owed to take place under stirring for about 3

hour s(1-2ratiprigiurethangaesin(-2) phenol pol ycondensat e

(D-2). [0084] (2-3) cationic phenol polycondensate

( D- 3) 130pdrtsthy mast @0 Polyestérl padol ésynthrepic dompbiients: isebhthalic acid,
condenser, 1 nole of o-cresol (108 g¢g), and 0.3 g of

adiﬁic%idf-‘a&ﬁ vbfRRaedidSand Bl Yool Vilﬁélecawagﬂt .ofalo), 5 parts
eterrperature inside was raised to 100C reto,

bjaes %@‘“&‘e’ﬁ@‘&ﬁ@%ﬁ?ﬁ’%ﬁﬁgﬁ‘é‘?ﬁfﬁ o rea e 86
o0t P o ek s dadomete it IUEFE LR AT g cfty! ketone

stand still. Once
were charged into a reaction vessel, and the mixture was reacted for 1 hour while

maintaining the temperature at 70°C to 75°C, to produce a urethane prepolymer. Into
the reaction vessel, 17 parts by mass of dimethyl sulfate was charged, and the mixture
was reacted for 30 minutes to 60 minutes at a temperature between 50°C and 60°C to
produce a cationic urethane prepolymer. Further into the reaction vessel, 615 parts by
mass of water was charged, the mixture was homogeneously emulsified, and then the
methyl ethyl ketone was recovered, to obtain a water-soluble cationic urethane resin (C-
2).

[0077]
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15 the cl oudi ness of an aqueous | ayer separated as an
upper |ayer had di sappeared, decantation was

“subjected to renove the aqueous |ayer, and the

resultant was heated wunder stirring until it reaches

t he tenperature bet ween 170C and 175C, to renove

unrea onpounds and wat ontent. [0085] 20

Next , %C%?E‘B*&%F@%@PZ{@ ed down to 100C, 234 g

of butg cell osolve was added to contEI etely dissolve

t he pdBYpatdenmasseof palyatbaate palyoly(spthesiy companentsivhs-

added. At a point where the tenperature inside the
heyateearbomat&didl, arfdd ¢thylenoflydolNnokowihywbightaf00); par{sTbly imass of
g) was added. Thereto, 1 nole of an aqueous sol ution

tfneth ?Rﬂ}ﬂ%bzﬁﬁhYﬁ Bart sy éa@)of\l‘@ﬁleﬁ@ﬂ-ﬁdNin&Mo?&mﬁM €75 parts by mass

abou hour "at " 50C." Then, the -35 tenperature was

SRR TGS POl o
uit?‘a'ge"%’eke‘ée%e%@%aaiﬂ}%n%‘?«ﬂ%?%3%%%%&#&#89%% a0

11111 11111111p 4111111 |
temperatuge at 71)°C1‘ ttp 7i°(l td prodnge ajurethiang piepolymer. E Inta thereation vessel,
{~.~NN"d~~" ~w~~~apps -; Cap ~ aCy> ~ .~

22 parts ¥y mass-of dimetifyl sulfate-was phargedMNardthe mixtureSwis rkadled for 30
minutes to 60 minutes at a temperature between 50°C and 60°C to produce a cationic
urethane prepolymer. Further into the reaction vessel, 633 parts by mass of water was
charged, the mixture was homogeneously emulsified, and then the methyl ethyl ketone
was recovered, to obtain a water-soluble cationic polyurethane resin (C-3).
[0078]
(1-4) cationic polyurethane resin (C-4)
135 parts by mass of polyester polyol (synthesis components: isophthalic acid,
adipic acid, vl,6-hexanediol, and ethylene glycol, molecular weight of 2,000), 5 parts by

mass of trimethylolpropane, 22 parts by mass of N-methyl-N,N-diethanolamine, 86 parts

|
by mass of isophorone diisocyanate, 1 part by mass of y-aminopropyltriethoxysilane, and
120 parts by mass of methyl ethyl ketone were charged into a reaction vessel, and the

mixture was reacted for 1 hour while maintaining the temperature at 70°C to 75°C, to

produce a urethane prepolymer. Into the reaction vessel, 17 parts by mass of dimethyl

sulfate was charged, and the mixture was reacted for 30 to 60 minutes at a temperature

between 50°C and 60°C to produce a cationic urethane prepolymer. Further into the

reaction vessel, 615 parts by mass of water was charged, the mixture was homogeneously
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emulsified, and then the methyl ethyl ketone was recovered, to obtain a silyl-modified,
water-soluble cationic polyurethane resin (C-4).

[0079]

(1-5) cationic polyurethane resin (C-5)

150 parts by mass of polycarbonate polyol (synthesis components: 1,3-dioxolan-
2-one and 1,6-hexanediol, molecular weight of 1,700), 6 parts by mass of
trimethylolpropane, 24 parts by mass of N-methyl-N,N-diethanolamine, 94 parts by mass
of isophorone diisocyanate, 2 part by mass of N-(B-aminoethyl)y-
aminopropyltrimethoxysilane, and 135 parts by mass of methyl ethy‘l ketone were
charged into a reaction vessel, and the mixture was reacted for 1 hour while maintaining
the temperature at 70°C to 75°C, to produce a urethane prepolymer. Into the reaction
vessel, 15 parts by mass of dimethyl sulfate was charged, and the mixture was reacted for
30 minutes to 60 minutes at a temperature between 50°C and 60°C to produce a cationic
urethane prepolymer. Further into the reaction vessel, 576 parts by mass of water was
charged, the mixture was homogeneously emulsified, and thén the methyl ethyl ketone
was recovered, to obtain a silyl-modified, water-soluble cationic polyurethane resin (C-5).

[0080]

(2) Cationic Phenol Polycondensates (D)

(2-1) cationic phenol polycondensate (D-1)

Into a 1000 mL flask equipped with a reflux condenser, 1 mole of bisphenol A
(228 g), and 0.3 g of p-toluenesulfonate as a catalyst, were charged, and the temperature
inside was raised to 100°C. Thereto, 0.85 mol (69 g) of an aqueous solution bf
formaldehyde was added over 1 hour, and the mixture was reacted for 2 hours under

reflux at 100°C. Thereafier, the reaction vessel was cooled with water and allowed to
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2 z o [0087] (Treatnent Method) .
stand still. ~ Once the cloudiness of an aqueous layer separated as an upper layer had
disappeared, decantation was subjected to remove the aqueous layer, and the resultant
was heated under stirring until it reaches the temperature between 170°C and 175°C, to
remove unreacted compounds and water content.

[0081]

Next, the temperature was lowered down to 100°C, 234 g of butyl cellosolve
was added to completely dissolve the polycondensate, and then 234 g of pure water was
added. At a point where the temperature inside the system is 50°C, 1 mole of
diethanolamine (75 g) was added. Thereto, 1 mole of an aqueous solution of
formaldehyde (81.1 g) was added dropwise over about 1 hour at 50°C. Then, the
temperature was raised to 80°C, and the reaction was allowed to take place under stirring
for about 3 hours, to obtain a cationic phenol polycondensate (D-1).

[0082]

(2-2) cationic phenol polycondensate (D-2)

Into a 1000 mL flask equipped with a reflux condenser, 1 mole of phenol (96 g),
and 0.3 g of p-toluenesulfonate as a catalyst, were charged, and the temperature inside
was raised to 100°C.  Thereto, 0.7 mol (56.8 g) of an aqueous solution of formaldehyde
was added over 1 hour, and the mixture was reacted for 2 hours under reflux at 100°C.
Thereafter, the reaction vessel was cooled with water and allowed to stand still. Once
the cloudiness of an aqueous layer separated as an upper layer had disappeared,
decantation was subjected to remove the aqueous layer, and the resultant was heated
under stirring until it reaches the temperature between 170°C and 175°C, to remove

unreacted compounds and water content.

[0083]
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(1) Degreasing A netallic material to be treated was
degreased usi ng PALKLI N N364S, an 5 al kal i ne degreaser
from N hon Parkerizing Co., Ltd. (spraying the 20 g/L

bath at 60C for 10 seconds with a spray pressure of

0.5 kg/cm, followed by rinsing with a 10-second

spray of water. (2) Application and Drying The

c onposYext.dhe temperatye ieas doweredhdoremto HIOGCt 2 g efbutyleaeilosolve
liquids for organic- 10 inorganic conposite film

wiassaided edcontpldialyl disovettige polycandenkate) &1l thdn 234 d £ pwe Fdater was
applied together on zinc-plated steel sheets with a

ddakd.er ACOBiRT whéb thel B éﬁﬁﬁé@si\&@ Eﬂegﬁ Which gﬁS@tdfﬁlﬁ
at peak sheet tenperatgres of eac on |fs|on. e fIim
wei ght was, adj ed b soljd coptent concentratign.

oA AR B0 B Y addi o bhiTrigd L cle oF B eace - 1aton of
ressure of roller or rotation speed). 15 [0088]

tgmlﬂdwdgﬁm& axweas adgled deopiiseravanabout 1 doheaté@CThEhen, the

wei ght difference before and after the application of

tMPeraRPVas faised té 80°C, akd hR¢Eactibs HaSBNdwed S thieplace under stirring
treatment liquid for organic-inorganic conposite film

hee Lo b ry,Ls m ned by a
b ER e L S T Gl S
gi ve ﬁ%i m adhered anount. [0089] (Method of
measur P Ti t ani um content and Magnesi um content) The
titani umcontent and the nmagnesi umcontent in the
conpod28) eationis phenek padycondensate (Brd) wer e neasured using
an | CP em ssion spectronetry. 25 [0090] -40
( Eval Ustpiack00MatIhflakk)equipppd withanefluResidehsen demdle®f o-cresol (108
treated sheet sanples prepared in Exanples 1 to 90 and

£0dnda). g io¥ -tolaxidhlf@fatel astcathly stokére Charged, lad %ﬁ@&ﬁgne inside

to ethanol resistance test without being 5 subjecte

x*g% r}n‘gﬁflg\l\”g)_o(’@.' a?ﬁ‘éret%%.%?&%)l (69T£)eof%}/1%lqllfe tuis QWhulE QP %rringldehyde
was added over 1 hour, and the mixture was reacted for 2 hours under reflux at 100°C.
Thereafter, the reaction vessel was cooled with water and allowed to stand still. Once
the cloudiness of an aqueous layer separated as an upper layer had disappeared,
decantation was subjected to remove the aqueous layer, and the resultant was heated
under stirring until it reaches the temperature between 170°C and 175°C, to remove
unreacted compounds and water content.

[0085]

Next, the temperature was lowered down to 100°C, 234 g of butyl cellosolve
was added to completely dissolve the polycondensate, and then 234 g of pure water was
added. At a point where the temperature inside the system is 50°C, 1 mole of N,N-
diethylethanolamine (117 g) was added. Thereto, 1 mole of an aqueous solution of

formaldehyde (81.1 g) was added dropwise over about 1 hour at 50°C. Then, the
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[0091] As nentioned above, for the sliding test, a
comercially avail able gauze is attached on a fl at
slide having a sliding side of- 20 nmin di aneter,

et hanol is thoroughly inpregnated, and then
reciprocal sliding is repeated for 10 tinmes under test
conditions of 10 pressure of 100 g/cn®, anplificatiaon

tegppesasare s raiser R0, and the reation avas allewed thdakggdacsrundgr stirring

commercially avail abl e Bowden tester. Thereafter,
farlsbo@es3 hourspp ebtaiine eativhid phensl palycogdanite (DE3)t he
treated sheet is evaluated in accordance with the

fol | opg OggLstandards. [0092] <Eval uation Standard> 15
VG =no ¢ ange i n appearance G = slight change in
appeagﬁﬁ = obvi ous change in appearance B =
parti ex osure of substrate VB = conpl ete exposure
g&%§§$ rate %@%kﬂs Lﬂé %ﬁégrr03|on Resi st ance on
T AN GERr i i stance) The treated
sheet sanples prepared in Exanples 1 to 90 and
Conparative Exanples 1 to 31 were directly subjected
to corrosion resistance test wi thout being subjected
to formng (planar surface). The evaluation nethod is
as follows. 25 [0094] -41 The white rust generated
area was determned after 120 hours of salt spray in
accordance with JIS-Z-2371, "Salt-spray Testing

Met hod' . [0095] <Evaluation Standard> 5 VG = white
rust generated area is less than 5% G = white rust
generated area is 5% or nore to less than 15% NG =
white rust generated area is 15% or nore to | ess than
30% B = white rust generated area is 30%or nore to
| ess than 50%

-36 -



VB = white rust generated area is 50%or nore 10
[0096] (3) Evaluation on Appearance after cylindrica
form ng and Corrosion Resistance The treated sheet -
sanpl es prepared in Exanples 1 to 90 and Conparative
Exanples 1 to 31 were subjected to cylindrica

form ng, and the appearance evaluation 15 and the
corrosion resistance test were conducted. The

eval uation nethod is as follows. [0097] For the
cylindrical nolding formng, the treated sheet sanples
prepared in Exanples 1 to 90 and Conparative Exanples
1 to 31 were punched into a circular form to give a
bl gnk Hi ametdr of 60 my a Prgss oil] (PG 3980,
Brdducpd by Ni.hoh. Kohsdkuyu 2, Co., |Ltd.) Yas app|i edo
and thp resulftinp sheetls were|formed usingla die for
p-ewil H H H

nd-- a.al el He o f Ay o By oo A Ay oot Al At s £
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g el )
R2mpnd a dicelRof 4 M wth a drank presser
#nder [he cordit]on of |30 spn]'[0099]' Theléval uaf? on'’
on lappearancdg offthe culindrigal nollded arficles has

evdl uafed 25 |usi hg AL Jal ues pefore |[and afjer the
fedt. Ps nentji.ongd befdre, thg, DL v3 a|.
-44 differende of L vallues bejore ar est
pt-gvapa—thetH—thp—degde—et—bightn
frgmbjack (Q) tp whitg (100)]is given as ue|
+n |spefific, |[the]' measyrenment|can bg<arri ¢d out W tH§e
thqg usp of a|col pr-difflerence|neter |CR- 300
(mgnut pctur eq by MNOCYA). 5 | U099] | <Eval yiat1 on
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The corrosion resistance of cylindrical

nol ded

articles was evaluated by determning the white rust
generated area after 24 hours of salt spray in

Sz
15 [0101]

accordance with
Met hod' .

-2371, " Salt-

spray Testing

<Eval uation Standard> VG = white

rust generated area is less than 10% G = white rust

generated area is 10%or nore to | ess than 20%

NG =

white rust generated area is 20% or nore to | ess than

40%

20 B = white rust generated area is 40% or nore

to less than 80% VB = white rust generated area is 80%

or nore [0102] (4) Evaluation on Appearance after
squeeze fprm ng and Cofrosion Resistance The treat ¢d
sheet sanpl] es prepared|dn Exanples ppd Conparative |,
Exanpl es | -43 were subj ected to squgeze nol di ng

and the cor
conduct ed|® The eval uat

eval uatio

[0103] 51 For the sqgue

ance—{genera

Lon of scum

F 0Si on resi st
bn nethod is
bze nol ding f

Ance test me?e
‘as fol | ows. !
brmi nq, the treafled

sheet sanpl es pr epar ed
Conpar at i g Exanpl es 3
circular fformto give
HPre55—e-H-RE-3080—pr

in Exanpl es
1, to 78 were

bauced—by Nk

a blank diangter of 60 mm a

91 to 135 and
punched into a |g

a¥al L(nhca'/ll\}lll Co

Ltd.) was| appli ed, aﬁa
formed usjng a die for
havi ng a di ce di aneter

the resultin
Ocylindrical
of 30 nm and

) sheets were
nol ding form ng}|:
a dice Rof 2

Thereaftefy, a second f

TO W TN g Crank presser

conditionk of a dice d%nmeter of 25

driaer ttrhne C
Drm ng was ¢

ot om o30St
bnduct ed under
mm and a di ce R|of

nmm _wWth a conbinatjon of punch pnd dice that th
cl earancel is 15% mi nus| side to the thickness of th¢
ori gi nal pheet. [0104]|o 15 Scum devg| oped upon the |,
squeeze nplding form ng was renoved] by degreasing
' (@] ' [
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with a hydrocarbon solvent. The anmpbunt of scum
devel oped was eval uated on the basis of weight

vari ati on between before-and after the test, and al so

further evaluation was conducted on the basis of AL
val ue variation between before and after the test.
[0105] 20 <Evaluation Standard> VG = wei ght decrease
is less than 0.05 g/n2, or AL is less than 2 G =

wei ght decrease is 0.05 to less than 0.1 g/n2, or AL
is 2toless than 5 NG = weight decrease is 0.1 to
less than 0.5 g/n2, or AL is 5to less than 10 B =
weight decrease is 0.5 g/n2 or nore, or AL is 10 or

nore -44 [9106] THe corrosion resistance of squeeze
nmol ded arfg cl es wag eval uated by determining the white
rust geney&t ed areg after 16 hours of salt spray in

aeeotgafrep—w+h—3HS- Z- 2371, " Salt-spray Testing

Met hod' . E2[0107] |<Eval uation Standard> VG = white
rust genefsited ared is | ess than 10% G = white rust

] 0% or nore to | ess than 20% NG =
white rusi2generatgd area is 20% or nore to | ess than
40% 10 BS white rjust generated area is 40% or nore
to less tfg@n 80% VH = white rust generated area is 80%

or—ote 8+681—Fh¢g eval uation results are shown

bel ow. [[R09] 15 [[Table 5] -45 Uy J . 4 iM" bA > >
> > > > >Qcl

60:25:15 1 70:20:10 } 65:20:15 | 70:20:10 | 70:20:10 | 60:25:15 | 70:20

based wax

(average particle size:
0.5 pm)
Mass ratio of organic
resin: inorganic
component: lubricant

Note) lubricant component is mixed in equal amount and mass ratio

O represents constituent
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(Treatment Method)

(1) Degreasing

A metallic material to be treated was degreased using PALKLIN N3648S, an
alkaline degreaser from Nihon Parkerizing Co., Ltd. (spraying the 20 g/L bath at 60°C for
10 seconds with a spray pressure of 0.5 kg/cm?), followed by rinsing with a 10-second
spray of water.

(2) Application and Drying

The compositions for surface treatment and the treatment liquids for organic-
inorganic composite film described in Tables 5 to 10 and Tables 11 to 14, were applied
together on zinc-plated steel sheets with a roller coater, and the sheets were dried with
heating at peak sheet temperatures of each condition. The film weight was adjusted by
a solid content concentration of the treatment liquid or coating conditions (such as
pressure of roller or rotation speed).

[0088]

(Method of measuring the film amount adhered)

The weight difference before and after the application of the composition for
surface treatment and the treatment liquid for orgmﬁc-iﬂorgmﬁc composite film to the
steel sheet followed by dry is determined by a weight method, and divided by a coated
area to give a film adhered amount.

[0089]

(Method of measuring Titanium content and Magnesium content)

The titanium content and the magnesium content in the composition.for surface

treatment were measured using an ICP emission spectrometry.

[0090]
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Examples 1 to 31 were directly subjected to ethanol resistance test without being
5  subjected to forming (planar surface). The evaluation method is as follows.

[0091]

As mentioned above, for the sliding test, a commercially available gauze is
attached on a flat slide having a sliding side of 20 mm in diameter, ethanol is thoroughly
impregnated, and then reciprocal sliding is repeated for 10 times under test conditions of

10 pressure of 100 g/cm?, amplification of 100 mm, and speed of 20 mm/sec, with the use of
a commercially available Bowden tester. Thereafter, change in appearance of the
sliding part of the treated sheet is evaluated in accordance with the following standards.

[0092]

<Evaluation Standard>

15 VG = no change in appearance

G = slight change in appearance

NG = obvious change in appearance

B = partial exposure of substrate

VB = complete exposure of substrate

20 [0093]

(2) Corrosion Resistance on Planar Surface (White rust Resistance)

The treated sheet samples prepared in Examples 1 to 90 and Comparative
Examples 1 to 31 were directly subjected to corrosion resistance test without being
subjected to forming (planar surface). The evaluation method is as follows.

25 [0094]
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|
VG = white rust generated area is less than 5%
G = white rust generated area is 5% or more to less than 15%
NG = white rust generated area is 15% or more to less than 30%
B = white rust generated area is 30% or more to less than 50%
VB = white rust generated area is 50% or more
[0096]
(3) Evaluation on Appearance after cylindrical forming and Corrosion
Resistance
The treated sheet samples prepared in Examples 1 to 90 and Comparative
Examples 1 to 31 were subjected to cylindrical forming, and the appearance evaluation
and the corrosion resistance test were conducted. The evaluation method is as follows.
[0097]
For the cylindrical molding forming, the treated sheet samples prepared in
Examples 1 to 90 and Comparative Examples 1 to 31 were punched into a circular form
to give a blank diameter of 60 mm, a Press oil (PG 3080, produced by Nihon Kohsakuyu
Co., Ltd.) was applied, and the resulting sheets were formed using a die for cylindrical
molding forming having a dice diameter of 32 mm and a dice R of 2 mm, with a crank
presser under the condition of 30 spm.
[0098]

The evaluation on appearance of the cylindrical molded articles was evaluated

using AL values before and after the test. As mentioned before, the AL value indicates a
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[0099]

<Evaluation Standard>

VG = AL is less than 2

G = AL is 2 or more to less than 5

NG = AL is 5 or more to less than 10

B = AL is 10 or more

[0100]

The corrosion resistance of cylindrical molded articles was evaluated by
determining the white rust generated area after 24 hours of salt spray in accordance with
JIS-Z-2371, ‘Salt-spray Testing Method’.

[0101]

<Evaluation Standard>

VG = white rust generated area is less than 10%

G = white rust generated area is 10% or more to less than 20%

NG = white rust generated area is 20% or more to less than 40%

B = white rust generated area is 40% or more to less than 80%

VB = white rust generated area is 80% or more

[0102]

(4) Evaluation on Appearance after squeeze forming and Corrosion Resistance

The treated sheet samples prepared in Examples and Comparative Examples
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evaluation and the corrosion resistance test were conducted. The evaluation method is

D

as follows.

[0103]

For the squeeze molding forming, the treated sheet samples prepared in
Examples 91 to 135 and Comparative Examples 34 to 78 were punched into a circular
form to give a blank diameter of 60 mm, a Press oil (PG 3080, produced by Nihon
Kohsakuyu Co., Ltd.) was applied, and the resulting sheets were formed using a die for
cylindrical molding forming having a dice diameter of 30 mm and a dice R of 2 mm,
with a crank presser under the condition of 30 spm. Thereafter, a second forming was
conducted under conditions of a dice diameter of 25 mm and a dice R of 1 mm, with a
combination of punch and dice that the clearance is 15% minus side to the thickness of
the original sheet.

[0104]

Scum developed upon the squeeze molding forming was removed by degreasing
with a hydrocarbon solvent. The amount of scum developed was evaluated on the basis
of weight variation between before and after the test, and also further evaluation was
conducted on the basis of AL value variation between before and after the test.

[0105]

<Evaluation Standard>

VG = weight decrease is less than 0.05 g/m?, or AL is less than 2

G = weight decrease is 0.05 to less than 0.1 g/m?, or AL is 2 to less than 5

NG = weight decrease is 0.1 to less than 0.5 g/m’, or AL is 5 to less than 10

B = weight decrease is 0.5 g/m”* or more, or AL is 10 or more
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G = white rust generated area is 10% or more to less than 20%

NG = white rust generated area is 20% or more to less than 40%

B = white rust generated area is 40% or more to less than 80%

VB = white rust generated area is 80% or more

[0108]

The evaluation results are shown below.

[0109]

[Table 5]
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2 [0119] As shown fromevaluation results of Tables 5
and 6, the steel sheets of the present invention
(Exanples 1 to 90) which were prepared by enpl oyi ng
the method of producing a surface treatnent film
agcqrdj ng tlo the iinvention |were excellent in all of 5
etthgBols resfsfPaffce® |eopr ¢sijon resi stance on a pl anar
sur flace, [carrlos|{on rlesj stance after cylindrical
form np, |and |appear ance aftler cylindrical formng. In
«C GHIPAr [2S O, |= a8 BN = for @M|eval uation results of
Tablles| 11 and 12, |when| condi ti ons were outside the
range pf | yhe T pventjio nparative Exanples 1 to
313 ,|5ale least|2one |of| -t he|ahove eval uations was poor.
10 [101P0] lin |additign,| as ghown from eval uati on
Jesubts of Jabl es|9 land 10,/ the steel sheets of the
3 nvant Poir (Exanpl es [91] 't o 135) in which an
organi -1 marganicicamppsite filmwas applied on the
SF flack 13 eatlreft [FilFm? tegpectively, were excel | ent
' gorfosian [fesi stgnce |aflter squeeze form ng and
appgar gnce |af Fele sfuBeZe (¥ qrm ng. I n conparison, as
shown 115 fir aldation rHesults of Table 6-2, when
conditjons ;Aelre oyt si de the range of the invention
] (onBaffatd ve Bx&mt 8 8q 78), at l|least one of the
abovie pval yatl ops |was | poor|. [0121] Accordingly, it
I'g rieal i zed that thg present invention exhibits all of
Lxcall gnt. (20 _ethapagl, fesi gtance, corrosion resistance
R g plrarmars sigr frage, [8cr 1Hgi on resi stance after
cylifndri ¢call fjorm ng,| appearlance after cylindrical
form-ng—cgrrosion-rest-stance after squeeze form ng,
Angd lappear ancle af tlerlossiueeze formng, by providing a
redet & m ned*® yweiHh® Bf [ftHe fil m conprising each
eoRstHui-gr—reptironedabeye on the surface of a
Zilng-pl ated st eel |sheet. |23 [0122]
SRRRRBRRRBRERERIE
SEREREREERELERBIIER S g
:
CTRRIRRREREIEIE IS 2 B
| B8
2222233322122 =§
iy
X £ 3
IRRRARRERRRRRIO N
&
skl e §
g &
clelele kRl |8 B
5 %
S 8
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-63- -- -- ---_ As described above, the surface

treated steel sheet according to the invention is a
chrommum free surface treated conposition and exhibits
corrosion resistance after formng equal to or better
than that provided with a chromate-based surface
treatgﬁﬂb agent. In addition, the invention is

sui tabl e }or various uses such as household 5

appligchS and building materials, as the production

met ho@SSARYR &om evallafigh espltyiof; Tables § and 6, thestpgt hgetgtof the
low cost. [0123] Up to now, preferred enbodi nents of
presentjtaneation Oexamplesibtocd0) ivhich Were prépared tysemloyidg thet method of
that the invention is not limted to those Exanpl es.
ptaducmg asutfactstrédmaentyiim fusrdibg t6 fanigeshtion 3reé 8scellént in all of
nodi fi ed exanpl es can be suggested by those skilled in

ethafolatdistatdel Edrbosidire iahRIYnYa %gﬁ?ﬁ%b&g‘gﬁkcﬁ] ﬁtaelﬂ&dafter

those exanples certainly are

' 0 I pvention. [Jdndustrj al .
R RIm GO RR Sprdrdiee P Aicp fpfiEr  bfkomparison, as shown
zinc-pl ated stee eet sybjected to a nmetal surface
f‘PP‘e%‘?ﬁ{?ﬁPn B?Sutth%} Iﬁ&sé& tana] Ebe‘ﬁbqno«wnrigwm werequsidg the range of
al| of excellent ethanol resistance, corrosion
thednyentign ¢comnaratiys Exampleu} foatld, atdenst arsi dfithe alwive ewaluations was
after cylindrical form ng, appearance after
pestl i ndri cal form ng, corrosion resistance after
squeeze form ng, and appearance after squeeze
form pog2opnd thus is effective as one of proposed
neasures for social 20 problens such as environnental
cons efnvagﬁit . as. ﬁﬁv@rﬁﬁﬁ @ﬁ%ﬁé}l‘{)ﬁ'}é’iu?tg ]pf ?abqgsr%%rfdéi i steel sheets

expected to be used Int rel’ds o ouse
Li.ances, fprovid b C.CO nying formng such as
o B8 SR BEPRET 03D R Sk S SiSuat Gatapostc ilm was
bui l.ding majerials provided by acconpanying formng
a@'@ﬂ °3§§"gﬂ‘§(aﬂ? HP‘F@.CHP Blm, respectivsht WergRXcellmaime rrastinaiesistance
1] A surface treated steel sheet conprising:
after squeeze forming and appearance after squeeze forming. In comparison, as shown

from evaluation results of Table 6-2, when conditions were outside the range of the

invention (Comparative Examples 34 to 78), at least one of the above evaluations was

poor.

[0121]

Accordingly, it is realized that the present invention exhibits all of excellent
ethanol resistance, corrosion resistance on a planar surface, corrosion resistance after
cylindrical forming, appearance after cylindrical forming, corrosion resistance after
squeeze forming, and appearance after squeeze forming, by providing a predetermined
weight of the film comprising each constitution mentioned above on the surface of a
zinc-plated steel sheet.

[0122]

-63-
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20

a surface treatnment filmwhich includes a netallic
conpound containing 5 titanium a netallic conpound
cont ai ni ng magnesi um a cationic urethane resin having
at least one cationic functional group selected from
primary to tertiary am no groups and quaternary

amoni,um bases, ,and a cati oni henol pol ycondensate . .
i o A% ResEHtER bR b Bt L nel esbtins W fyention is a
n al dehyde and has_a cationic functional @ group, 10
My {Te iriape (RflerhsorBpRSEiAN And oK ABItS GpTFesien Teplsanereafior
filmis in the range of 1 mass%to 4 nass% based on a
formiag egwdl talorkatterthan thah pravidpd esithuachromatertiasedsurfaee treatment
surface treatnent filmis in the range of 0.2 mass%

agent?2 Dmskiftidigsednehtionivduitabledbt vhrivad s tsucH &3household
cationic urethane resin content in the surface

appBacEEAd Huiildg Iﬁatlhﬁal%,rbg (%l[rléla}g'g&u&f‘on ﬂéhctﬁﬁ%l%ﬁ{s%’shﬂ%lg And it can

nass% based on a tota content, cat i oni
l,ycondensate content in the surface treatnent

bgii})l%rlc]ﬁ’:ces@%r%x‘fvhcggt'range of 25 mass%to 40 mass% based on

a tot ¢ % lid content, and the mass ratio of the

cati o3l et hane resin to the cationic phenol

pol ycondensate is in the range of 33.3:66.7 to 49:51.

20 [ ClUpitampiy, miskerredrenbodinmentsiofatie tventionsdre desceibedybui thgre is no

to claim1l1, wherein a coating weight of the surface

doubtathatehé invehtion is nby 1omitéld tb thdseExtatmplesg/ Itds obiGhstht dkious

The surface treated steel sheet according to claiml

cBingdd eXAm¥IRE b LInBdHRd CkARNES cdn b SRRFed RO s?](gleﬁ'ih e art

is further fornmed on an ‘upper |ayer

W;lﬂ{ug ﬁ]&%agegg@trm? A nngc.ﬁ m%ﬁls?a&f)tﬁ&eneg{arvr\l%ieg r&rta(l)l}cllyoa'ré:z tl'%/urgnht to be

in the technical scope of the invention.

=

[Industrial Applicability]

[0124]

The chromium-free zinc-plated steel sheet subjected to a metal surface treatment
of the present invention is provided with all of excellent ethanol resistance, corrosion
resistance on a planar surface, corrosion resistance after cylindrical forming, appearance
after cylindrical forming, corrosion resistance after squeeze forming, and appearance
after squeeze forming, and thus is effective as one of proposed measures for social
problems such as environmental conservation. The present invention is particularly
expected to be used in the fields of household appliances provided by accompanying
forming such as motor cases or cartridge for kerosene stoves and building materials

provided by accompanying forming such as guardrails.
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[Document Type] CLAIMS
[Claim 1]

A surface treated steel sheet comprising:

a surface treatment film which includes a metallic compound containing
titanium, a metallic compound containing magnesium, a cationic urethane resin having at
least one cationic functional group selected from primary to tertiary amino groups and
quaternary ammonium bases, and a cationic phenol polycondensate which is a
polycondensate of a phenol compound with an aldehyde and has a cationic functional
group,

wherein the titanium content in the surface treatment film is in the range of 1
mass% to 4 mass% based on a total solid content,

the magnesium content in the surface treatment film is in the range of 0.2 mass%
to 2 mass% based on a total solid content,

the cationic urethane resin content in the surface treatment film is in the range of
20 mass% to 35 mass% based on a total solid content,

the cationic phenol polycondensate content in the surface treatment film is in the
range of 25 mass% to 40 mass% based on a total solid content, and

the mass ratio of the cationic urethane resin to the cationic phenol
polycondensate is in the range of 33.3:66.7 to 49:51.

[Claim 2]

The surface treated steel sheet according to claim 1,

wherein a coating weight of the surface treatment film is from 0.1 g/m’ to 3 g/m’.

[Claim 3]
The surface treated steel sheet according to claim 1 or 2,

wherein an organic-inorganic composite film is further formed on an upper layer
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of the surface treatment film in a coating weight of 0.2 g/m” to 5 g/mz.




