SPECH FI CATI ON SURFACE TREATMENT COWPOSI TION 5
AND SURFACE TREATMENT METHOD

FOR METALLI C MATERI ALS Tchnical Field 10 This invention rel ates
to a surface treatnment conposition and 1 a surface treatnent nethod
adapted to make the surface of a metallic material highly
corrff!on-resistart and ﬁaintable. Background Art 15 Cenerally,
netallic materials suc as Zinc t I | ates and al um ni um
plates find a wide variety of appli§ﬁﬁh1§g§Aff incIudPng aut onobi | es,

buil ding materials and el ectric appliances for hone use. However, both
zinc and al um ni um have a drawback that they can easily corrode in air
to produce a corrosion 20 product (so-called white rust), which by turn
degrades the appearance of the metallic material and adversely affects
the adhesi on of the paiSURFACE! TREATMENT e€GMPOSITION In view of this

problem a chromate treatnent process is generally used for treating the
surface Bf the metallic material 25 witANR treatment sol ution containing

chromc acid, dichromc acid I ' of thema rincipal

I ngredient in order to inpﬁ@&gﬁgﬁéiiéﬁmgérgmﬁﬂﬁbistance anz Ehg p;Pﬁt

adhesi on of the surface of thﬁg@ﬂ@@hipgcrﬁﬁfﬁﬁlﬂts However, in the
t

trend of tighter environment pro

! Tchnical Field
10 This invention relates to a surface treatment composition and

a surface treatment method adapted to make the surface of a

metallic material highly corrosion-resistant and paintable.

Background Art
15 Generally, metallic materials such as Zinc plated steel
plates and aluminium plates find a wide variety of applications
including automobiles, building materials and electric appliances
for home use. However, both zinc and aluminium have a drawback
) that they can easily corrode in air to produce a corrosion
20 product (so-called white rust), which by turn degrades the
appearance of the metallic material and adversely affects the
adhesion of the paint applied thereto.
In view of this problem, a chromate treatment process is
generally used for treating the surface of the metallic material
25 with a treatment solution containing chromic acid, dichromic acid
or a salt of either of them as principal ingredient in order to
improve the corrosion-resistance and the paint adhesion of the
surface of the metallic material.
waever, in the trend of tighter environment protection in



2 : recent years, the chromate treatnent has becone rapidly unpopul ar
mai nl y because hexaval ent chrom um contai'ned;in the chromate treat ment
solution hurts the human body. Additionally, waste water cont ai ni ng
hexaval ent chromumis required to be sulpjected to a 5 specific treatnent
process conformng to the provision of Water Pollution Control Law,
which by turn raises t he overal | manuf acturing cost.
Furthernore, chromate-treated netallic materials are classified as
chr omi um corgcentngears, thedokromate treatmesteckasithesomeskardddycunnomilps
recycl ed. These probl ens and other 10 prqbl ens of.chronat% tre tnﬁﬁégnow

make the uskaigrlysbeeause hexavalemtntc 85 eprhadApd; dhibheo§ ue.
Meanwhi | e, f .t t : ' h
use of chr ohirasbeRt i y6fifihbCEE rEohRH b ARTE LGNy, Wil witel"®
containing L@nYiniAg hekadadiif, ChrbRith iR2Peqirrel> 26! bORABIbCTAT hoxd! i C
aci ds. A netallic”™ materral treated with aqueous solution of tannic

aci d i nppovgsedife cCorétuenn- prsvessacoeforningf td thenmeprdviisd onataf Walteirc
because the reaction product of tannic acid and the netallic materi al
oper at es asPgblatdoni véomtaad daw, whichyvdyt sture iraiaes ontbe cavessille

subst ances. 20 As a result of, the increasi,ng demand for, hi ality
metal lic Dapnfacturing ncpstent &B&%&?W@v preiomatest eated; s I@%@ﬂiﬁ?l y
required to_he highly corresi [ QS T : t eef i s.1coats
of netalli o _ rBP?§I saéf:eor ﬁzgéﬁ}"& [ n%é @kﬁ}n%@%\tgﬁ%%%t%d? ?ﬁ(;l nsecrlal

conbi nat | Orwaidels a8feTusELbAid [CkMMoR o IrdRyEREAC THesS ei§ ampoAber neet
the requirenent o hi gh corrosion-resi stance. herefore, currently,
the usel0f probliemsacefl fohrométe sdréatment nowatmaket the mausal | 0L sueheai al s

i S not industriall¥ feasible. , ... JPA 53-121034 discloses a surface
treat ment nitead@est prAnepsng signdfie#le #96135185U8n of wat er - di spersibl e

silica, alkyc"ﬂ%%h@hfﬁ%{ fnown surface treatment methods that does not
involve the use of chromate incilude those using a surface
treatment agent containing tannic acid and one or more than one

15 polyphenol carboxylic acids. A metallic material treated with
aqueous solution of tannic acid improves the corrosion-resistance
of the metallic materiallic because the reaction product of tannic
acid and the metallic material operates as protective coat and

) prevents the invasion of corrosive substances.

20 As a result of the increasing demand for high quality metallic
materials in recent years, the protective coat is currently
required to be highly corrosion-resistant. However, protective
coats of metallic materials formed by using tannic acid alone or
in combination with one or more than one inorganic substances

25 cannot meet the requirement of high corrosion-resistance.
Therefore, currently, the use of tannic acid for the surface
treatment of metallic materials is not industrially feasible.

JPA 53-121034 discloses a surface treatment method of applying
an aqueous solution of watef—dispersible silica, alkyd resin and a



3 : trialkoxy silane conmpound to the surface of a netallic material in

arder to inprove the corrosion-resistance. . A nunber of patent
docurnent s including JPA 57-44751 and JPA 1- 177380 di scl ose surface
treatnent nmethods for providing a netalligc 5 material with

corrosion-resi stance by using water-soluble resin of a derivative of a
hydroxy pyrone conpound and net hods for providing a netallic materi al

Wi th corrosion-resi stance by using wat er - squbIe or. .wat er - di spersi bl e
pol yner of 'erw&imsyyssltaﬁeen@npoundcborpﬁm@urmce of pometallicnBateyml pp
above |listed nethods can satisfactori orma coat on the surface of

a netal lic ORdedr tq IBRF0¥EC %1qq5€@$1°n'£é§ﬂSEQHQQxﬂ on- resistance t hat it can
| h t b
feplace a c roxahgxpt?&a eﬁg’c‘eﬁt dﬁgs AT satiﬂgfud)ﬂi JPﬂ 4f7r5? Lﬁ(ﬂ?om 12 type

unsol ved. In’s beén re |ze non-

surface trepf7a80! disclod8eBarfife Treatimeht! ﬁl@@lﬁdﬁ‘tfoﬁeﬁfmmﬁgd@t@ﬁaﬂ@ﬁ v

provides netallic materials wth a remarkabl e | evel

corrosi ob- restiestiahcwith corrodiometresistance Kyeu8umgewatemrsoluble rdsinvoBw of
t he above identified circunstances, it is therefore 20 the obje of the
present i nvﬁarﬁerl‘éﬁatbfepraifr de AVAEAXY hRyFone t§Ipound and J@et ‘P&at FBRt

agent that make teri.a Garrosion-r Nnt. nd
pai nt abl e. prov131ng& m&‘“ﬁé gna&prmfgﬂg:hvgogfqupsr@%lr r}satgpé %q{sﬂ@%
probl ens of - L trar enpr camne
Do T na 26 MatgLy SORlple BF, Sidter-ATsheReibIp Soétumet o & 3fdroky SHyirefe
coi h- scratqmm_oundresrstant coat can be fornmed on the surface of a netallic
mat eri al g usi ng a surface treatnment agent cont ai ni ng as I ngredl ents a
si | ane t@upl i njoweweett,, nanesa® rtheotbine ﬂosyadannenhodag:m §m¢sfa<ctor11y
chem cal st{ucture and a coIIordaIIg dis ffﬂ |nor9 rTc co q
orm a coat on the surface of a m garfic materfal %o SUER & level
of corrosion-resistance that it can replace a chromate coat. Thus,
the above pointed out problems remain unsolved. In short, there
has not been realized any non-chromium type surface treatment
15 agent nor surface treatment method to date that provides metallic

materials with a remarkable level of corrosion-resistance.

Disclosure 0f The Invention
) In view of the above identified circumstances, it is therefore
20 the object of the present invention to provide a non-chromium type
surface treatment agent that makes metallic materials highly
corrosion-resistant and paintable.
As a result of intensive efforts for solving the problens of
the prior art, the inventors of the present invention came to find
25 that a highly corrosion-resistant, paintable and coin-scratch-
resistant coat can be formed on the surface of a metallic material
by using a surface treatment agent containing as ingredients a
silane coupling agent, a water-soluble polymer having a specific

chemical structure and a colloidally dispersed inorganic compound.



4 : The present invention is based on this finding. Thus,

according to the invention, there is provided a surface treat nent
conposition to be used for a nmetallic nmaterial, said aqueous
conposition conprising: 5 (A) a sildane coupling agent containing
one or nore than one si l ane coupling conmpounds having at |east a
reactive functional group selected froman active-hydrogen-contai ni ng

am no group,, an epox Loup, vi Qy|l Qup,. a.rercapto group and a

met hacr yl oxyhe pre@ﬁ%p‘.n‘é@ 1on 1§ s%ﬁemb?‘-:nr’rﬁrgmaqié‘ﬁ'one wat er - sol ubl e

pol ymers, eac ei . ex e er rs 49 bel

showi ng an aveﬁa@g’ Qgcq{éidpgeggf oﬁgﬁéﬁg@g&l ghe%egtlﬁéﬁo‘é&ggd%%“%g
[err] 15 iti [ i ial, [ &yl
[err] \A%I'e?aetns%nlgo%%pcfstlgl?ﬂetobgr?zg%ééd rfiorll‘gar e%erteas}elrll%s mftﬁgé?})ge?agt om a

20 hydr oxyl aquenus. cempes ikyibnoeompriwing: any of C through C5, a
hydroxyal kyl group with any of O through C5, an aryl group with any of
C6 throufh C12,(A} besilanegr coyplingoegent apnsapning, onewow Moxeathan one

hydr ocarbon group adapied to be gondepsed with said benzene rjin nd
(o7 m & naphe bLATEN ORP bt CORPGHIH, DX bR e B3 05 TBRFHAGE ( FIRCHUTGY

iyt or oupttadih SHfe ¥ ChBhrAT Mk iBe N ANRN At TpR AR kroun TS, "

of O througlysy %r?lﬁ?,“h innﬂ)@ﬂﬁlpﬂa%%%tbo%fd@ and &s Paethaeryengene

rings in formula and ( representing a
J group:
10 (B) one or more than one water-soluble polymers, each being

expressed by general formula (I) below and showing an average

degree of polymerisation between 2 and 50:
— OH —_

15 ] CllZ_“—— (1)

X Y1

- _

) where X bonded to the benzene ring represents a hydrogen atom, a

20 hydroxyl group, an alkyl group with any of Cl through C5, a
hydroxyalkyl group with any of Cl through C5, an aryl grbup with
any of C6 through (12, a benzyl group, a benzal group, an
unsaturated hydrocarbon group adapted to be condensed with said
benzene ring and form a naphthalene ring or a group expressed by

25 formula (II) below: "
where each of Rl and R2 represents a hydrogen atom, a hydroxyl
group, an alkyl group with any of Cl through C5 or a hydroxyalkyl
group with any of Cl through C10, each of Yl and Y2 bonded to the
respective benzene rings in formulas (I) and (II) representing a Z



[errT 5 [err] [err] [err]
group expressed i ndependently by fornmula (111) or (1V) bel ow

[err] 10 [err] : [err] 15 [err]
[err] where each of R3, R4; R5, R6mnd R7 represents a hydrogen atom
an 20 alkyl group wth any of C1 through C10 or a hydroxyal kyl group
with any of C through Cl0 i ndependently relative to each other and t he

average nunber of substitutions of Z group in each of the

Rl —C — R2

5 (1)

J Y2
H

group expressed independently by formula (III) or (IV) below:

10 /R3

T

(m)

NG
— R —+
15 ’/// (V)

—t— ¢H2 — N —RES6

- \\\\~n 7

) where each of R3, R4, Rb6, R6 and R7 represents a hydrogen atom, an
20 alkyl group with any of C1 through Cl0 or a hydroxyalkyl group
with any of C1 through C10 independently relative to each other

and the average number of substitutions of Z group in each of the
benzene rings of said polymer molecule is between 0.2 and 1.0; and
(C) one or more than one inorganic compound selected from a
25 group of silica, silicates, compounds of metal salts and a mixture
of any of them, each are being dispersed in said aqueous medium in
a colloidal state.
In a surface treatment composition according to the invention,
preferably, the ratio by weight of said compoment (A) that is



benzene rings of said polynmer nolecule is between 0.2 and 1.0; and
(L one or nore than one inorganic conpound selected froma 25 group of

silica, silicates, conpounds of netal salts and a m xture of any of
them each are being dispersed in said ageous nediumin a coll oida
state. In a surface treatnent conposition according to the

I nventi on, preferably, the ratio by weight of said conponent (A) that is
6 silane coupling agent to said conponent (B) that i.s water | ubl e

pol ymsr sf nauraw.ne (ce)lplll(g3)agestlr3]‘m wadf QOB!RDII&H@ i thaznts tVf?é-eFaWBﬁ) € by

wei of sai t t

narrgI%/ (O PO[X&%C;'EOB%]? 1% gﬁbre?@r):aﬂﬁy ami ﬁ@g}@ug& f %ﬁA)che ratiol B)]
a surface t t t t h

22 d conponBR VR topT S CPRRNBIRCIE! | FigsjnfadrRaEE GBhmound ?“?@??QLZ’
coupl i ng agept % (L B 19 @)°: O (04 (BITRs preféiably! Beewekatnt5rand 5:

conpounds haV| e th nh one i ve- 10 hydrogen-containing am no

groups amd (b) a silane coupling agent cont ai ni ng one or nore than one
si | ane coupl i ng conpounds havi ng one or, nore thgn one epoxysil ane
gr oups. In a susfaceadaeatrentneomPeIIiOn BCH dd@BoF‘éhﬁtf A BVelg on,

LQY??;E Py BEBSTR T, i3l 18OmAIR NG BLiRT CORTSI IR cquplipe ggent
couplin t
Coupl i ng agERbutls (@' L

treat nent CPHE%‘]@M@”CW@ g Bempounidechavignoneror moreptiedrer shbyactive-ratio
by wei ght of the sum of said silane coupling 20 agent (a) and said silane

coupl i ngi()aghydrc(ge)l-cons:mnin@aamnm@robp@ and (bblq/rselrlanermﬂtldﬂg( B}gelﬁarrel y
[(a) + (b)] : (B) .is between 1:5 %. anat.her ect of
the inventi 6ANtaindng pRe NOEPHE(than one silatie coupling compounds haViTE

one or more than one epoxysilane groups.
In a surface treatment composition according to the invention,
preferably, the equivalent ratio of the active-hydrogen-containing
15 amino groups contained in said silane coupling agent (a) to the
epoxysilane groups contained in said silane coupling agent (b) is
between 3:1 and 1:3.
In a surface treatment composition according to the invention,
) preferably, the ratio by weight of the sum of said silane coupling
20 agent (a) and said silane coupling agent (b) to said water-soluble
polymer component (B), namely [(a) + (b)] : (B) is between 1:5
and 5:1.
In another aspect of the invention, there is provided a
surface treatment method to be used for a metallic material
25 comprising:
using a surface treatment aqueous composition according
to the invention with the pH value regulated to between 2.0
and 6.5 to put and adhere to the surface of the metallic



surface treatnent method to be used for a metallic material 25 conprising:

using a surface treatnment aqueous conposition according to the

i nvention with the pH value regul ated to between 2.0 and 6.5 to put and
adhere to the surface of the netallic

7 material and drying it to forma coat having a dried weight of
between 0.01 and 2.0g/ m. Wth a surface treatnent nmethod according
to the invention, preferably, the surface of the netallic nmaterial to
be treated i smaterpat!amd dayitg ittr ¢at formby ceabhhaviing phakyiledt i waight aof

pl ati ng process before adhereing said aqueous surface treatnent

sol ution heswers QuMr asd 2:08/mE.netal lic material . As descri bed

bove, i t reat ment ition t d .. f talli
material accord: MGthdh { RETTHCR reruRen Bgthed dsording do.then BERPRt ng
conponent  (A), el }f aché'é@fﬁcgoliﬁ'tlfégm@%ﬁic matSPpéla't'a' Be Prkated ®re
t han one sil @ne gou% ng conpounds having a specific reactive
functi onal 59rgrél imEQAPIAVE RFed f0d DY Sidarss ofneg OrphosphaPim t BN £#nglating -

wat er - sol ubl e phenol resin type polyners having a specific am no group
and conponentproCepsshbefioresadhereingnosa&id hguedis suefacerigeatnenbrgodutdon
sel ected froma %roup of siljca, silicates, . .conmpounds of netal salts
and a i xt ur e %of thayswifacaeod ddiennetal 11c maeTiglai spersed in sai d aqueous

di i I | @i dal . . i | j " d
e ol Ul B v, a0 LOBSeBRLLABRRTGTEE 0, et
:c i miftations sgl Qnﬂ??asl ﬁgﬁﬁ#f&cri%@ aé&?x@ingfiﬁo ﬁle' edfberft i0R2%E ' ¥F aqueous
_ uncti onal group se ecte rom an actl ve- ydrogen‘ cont al ni ng am no

group, ani@p®nugiencondaining compomsmuA) awlishcdpt @ sidamepcounsl img agent
met hacryl oxy group, Speci fic exanpl es of silane coupling
conpounds t h£ongaining ¢pedor glorenshan onguspbane epuphing wesRouRds hawingea

those | iStEﬁépggiflé”?éhc&?&én¥¥ﬁctggﬁé g%gugflégﬁbonent (B) which is one or
more than one water-soluble phenol resin type polymers having a
specific amino group and component (C) which is one or more than
15 one inorganic compound selected from a group of silica, silicates,
compounds of metal salts and a mixture of any of them each are
being dispersed in said aqueous medium in a colloidal state.
The silane coupling compounds contained in the component (A)
are not subjected to any structural limitations so long as each of
20 them has at least a reactive functional group selected from an
active-hydrogen—containing amino group, an epoxy group, a vinyl
group, a mercapto group and a methacryloxy group. Specific
examples of silane coupling compounds that can be used for the
purpose of the invention include those listed in @ through ®
25 below:
@ compounds having an amino group:
N-(2-aminoethyl) 3-aminopropylmethyldimethoxysilane,
N-(aminoethyl)3-aminopropyltrimethoxysilane and
3-aminopropyltriethoxysilane.



[err] compounds havi ng an am no group:

N- (2- am noet hyl ) 3- am nopr opyl net hyl di net hoxysi | ane,

N- (am noet hyl ) 3-am nopropyl tri met hoxysi | ane and

3-am nopropyl tri et hoxysil ane. 8 8
[err] conpounds having an epoxy group:

3-gl yci deoxypropyl tri met hoxysi | ane,

3-gl yci deoxy opylnethyldlnethoxy3|lane and 2- (3,

4epoxycycl ot@ﬁo)n@t) aﬁéﬂ&(ﬁ&ﬁppéﬁér(’@ [err] conpounds having a

vi nyl group: | trieth [err] compounds having a
“mer capt o group: 3—g1y01&/ox pﬁgpﬁéﬂﬁﬁ%ﬁgﬁgﬁﬁﬂﬁﬂ%ﬂhoxysiIane. [err]
conpounds havingg %F’fﬁ&%@?{ﬁg%lﬁﬁﬂﬂd@%thoxymlane and

3- et hacryl oxypr op
3-met hacryl oxypr QpY$ rqumk?cyv@mwzr)éﬂnﬂ trimethoxyskigherably, the

conponent (A) that is a silane coupling agent to be used for the

pur pose bf t@k compemdhavong s ndnyd)group:l ane coupl i ng agent
cont ai ning one or ,nofe than ong silane coupling 15 conmpounds havi ng one or
more than one acWilgl h&Uﬂgg&Mﬁb l&%€ai ni ng ami no groups and (b) a silane

coupling ag cont ai r an one silane coupling
conmpounds h ﬁ’&mBﬂ‘émi}? Mﬁg a(ﬁgﬁcap%)ﬁgh poxysi | ane groups. When
the conponent (Ap-j r bl tt,rlﬁ@gms]qgﬁgosmlon 20 according to the

i nvention contains a Sil'ane coupl 1 ng agent contai ni ng

acth ve- hydrc@emompoumimlhragmgnz—nmeghauqslaxydg('dn)p:a si | ane coupl i ng agent
cont ai ni ng epoxysil ane groups, preferably the equivalent ratio of the
acti ve- h{dr ogen- 3Uﬂeth&ﬂrﬂéoéﬂﬁﬂﬂpyltrl@ﬁﬁhﬂﬁﬂsibﬁﬂﬂu@ngpoxysiIane gr oups

ComL Ao, 1 S eSS BB e B RRL, 5§ 2 LS. The coat
terms of corropir@fsrably, the component (A) that is a silane coupling agent
to be used for the purpose of the invention contains (a) a silane
coupling agent containing one or more than one silane coupling
15 compounds having one or more than one active-hydrogen-containing
amino groups and (b) a silane coupling agent containing one or
more than one silane coupling compounds having one ore more than
one epoxysilane groups. "
) When the component (A) in a surface treatment composition
20 according to the invention contains (a) a silane coupling agent
containing active-hydrogen-containing amino groups and (b) a
silane coupling agent containing epoxysilane groups, preferably,
the equivalent ratio of the active-hydrogen-containing amino
groups to the epoxysilane groups contained in said silane coupling
25 agent is between 3:1 and 1:3. The coat obtained from the surface
treatment composition performs only poorly in terms of corrosion-
resistance and paintability if the equivalent ratio of the active-
hydrogen—-containing amino groups to the epoxy groups exceeds 3:1,
whereas the corrosion-resistance and the paintability of the



resi stance and paintability if the equivalent ratio of the active-
hydr ogen- cont ai ni ng am no groups to the epoxy groups exceeds 3:1,
whereas the corrosion-resistance and the paintability of the

9 produced coat can be saturated ifgthe equivalent ratio of the
active- hydrogen-contai ni ng am no groups to the epoxy groups is | ower
than 1:3. Secondly, each of the water-soluble polyners of the

component 5 (B) to be used for the purpose of the invention is either an
ol i goner or produtgdesoaandan e ssturggeddedf ecthef pqnnwﬁenﬂ;atrmooﬁf the t he
formula (1) is between 2 and 5Q. - In the for , X bonded to
the benzene acGtiyerhspirogenreondaining,anisgygr msuso ﬂyem epoxy g€ GBS 1 any
of C througlh C5 such aa” 10 rnet hyl group, ethyl group or propyl group, a
hydr oxyal kyI @1 th any of through C5 such as

hydr oxynet hyl 0 l‘%%' pr lo an
aryl group with an@my’ e'?cﬁéé t hrou éﬁ)étlgégtﬂgﬁ gs pheny g%p gp@ﬁ%}b t hyl

group, a BHer@yl to be 9ueed.for b@hﬁéﬂut@bsép ofarthensatvemation hydredehebam group
adapted to 15 be condensed with said benzene ring and form a naphthal ene

ring su@ﬂxgememcmmhmer gud uheoaverngecdegreaiad gobymenisasion calb
expressed by th E bﬁ& 3 Each of RL and R2 represents
|nde|pﬁnfjentl rgq’ tweerl & gBE %0-hydr ogen at om ia hydr oxyl ﬁrf)up,
Group o pr opyl bt a%ﬂ%ﬂcﬁ W nyhetSpOH A RO AR Y orRkB s,
Cl0)such as hydro{lsyldg%ﬁﬁmégv'alﬂ%gﬁgergﬂpo ah§yof T1o4Rrflig 08" YRy

group e respective nzene rings In

t he fornl0 amethyl ardup) | ¢thydpgesumt mapi’omrlogpoep(,praeshgdrd?:@alﬂwd!eg)mmnt |y
relative to each other by the above faormula (l111) or . Each of R3,
R4, R5, R6 WAathrAn¥n ffe (abO\FBT‘Pléﬁhmlcgs guah ) as moﬁmtm@pregmlb an

al kyl grOUphyﬁ}$k§3¥Ey?fg§%u1:B?Oﬁ§ﬁ}&§§8rgﬁ§¥1group, an aryl group with any
of 06 through C12 such as phenyl group or naphthyl group, a benzyl
group, a benzal group, an unsaturated hydrocarbon group adapted to
15 be condensed with said benzene ring and form a naphthalene ring
such as -CH=CH-CH=CH- group or =CH-CH=CH-CH= group or a group
expressed by the above formula (II).
Each of Rl and R2 represents independently relative to each
] other a hydrogen atom, a hydroxy] group, an alkyl group with any
20 of Cl1 through C5 such as methyl group, ethyl group or propyl group
or a hydroxyalkyl group with any of Cl through Cl0 such as
hydroxymethyl group, hydrbxyethyl group or hydroxypropyl group .
Each of Y! and Y2 bonded to the respective benzene rings in
the formulas (I) and (II) represents a Z group expressed
25 independently relative to each other by the above formula (III) or
(IV).  Each of R3, R4, R, R6 and R7 in the above formulas (III)
and (IV) represents an alkyl group with any of Cl through C10 such
as methyl group, ethyl group or propyl group or a hydroxyalkyl
group with any of Cl through C5 such as hydroxymethyl group,



as net hyl group, ethyl group or propyl group or a hydroxyal kyl gr oup
with any of C through C5 such as hydroxynet hyl group,

10 hydr oxyet hyl group or hydroxypropyl group independently relative
to each other. Each of X and Y1 il@ the formula (1) and Y2 in the
formula (11) bonded to a benzene ring in the polyner nolecule nmay be

t he sane 5 as or different fromX, Y1 or Y2 bonded to sonme other benzene
ring e nolecule. - The aver,age numher, of tltu ians of Z
G oup i n edBTAIGAVBREY ] £rogpnoE Ay drPRgRT oAy Lo BT aup o dependantds) b Tar iR, ceer

0.2 and 1.0 T represents the aver age degree of
ponnerisaIPQnFQE§ B&%@@h IS between and 50. The nol ecul ar wei ght

of the obtaiaadof DOIAMAPY] i Sthe! $orm Lﬂ@'(pue&ﬂ} YRR HeForiRAUGEY coat

satisfactorily corrosion-resistant e va nis smaller

wher eas botborded abtailendesor fage mr ¢h¢ puityme o nmwlwicuil ermay beanhle t lsamequeous
treatnent solution containing such a conposition 15 are unstable and

di sadvanbaga® s dmfﬁemn’u fromafplYilcari bhdontlednto somevether bensenecddsgs 50.
The aver age E %E substltutlons of Z group as used herein refers to
t he aver agedd dihgeng eq ‘nunbers of the Z groups i ntroduced into the

The formil a (1 nenaverses Afulies YT bubBt 5t ifns 0k 7 erbfl 47 BRED G B0%as” "
expressed byerAaef P 1%%%1’( hhid polymbhq:.mmé pd hRA%ess '0.298nder, opol yner

nol ecul e is twent y Z group 1s introduced to each of ten (10)

benkene rirfie omt representbe twhmt yavergsne rdegsee theofiveplodgmemsdmonof
substltublons 25 of Z group of_ the polyner nolecule wll g 1 X 10) + (0
X 10)] wiigh= ©s5 between 2Zhandpbl ned phe yreecydas rwtlg owla th e

sufficlent @odlia8a°" polyiBkUP'id '¥ob A" 20 fHRES NS DY¥bGRCS 'dogRt ™t

COh‘pOSI tion
satisfactorily corr081on-re31stant if the value of n is smaller

than 2, whereas both the obtained surface treatment composition
and the aqueous treatment solution containing such a composition
16 are unstable and disadvantageous in practical applications if the
value of n exceeds 50.
The average number of substitutions of Z group as used herein
refers to the average value of the numbers of the Z groups
’ introduced into the entire benzene rings of the polymer molecule.
20 If, for example, n = 10 in the formula (I) and X represents a
benzene-ring-containing group as expressed by the formula (II),
the number of benzene rings per polymer molecule is twenty (20).
If a Z group is introduced to each of ten (10) benzene rings out
of the twenty benzene rings, the average number of substitutions
26 of Z group of the polymer molecule will be [(1 X 10) + (0 x 10)] /
20 = 0.5.
The obtained polymer does not show a sufficient degree of
solubility to water and make the surface treatment composition
unstable if the average number of substitutions of Z group is less



unstable if the average nunber of substitutions of Z group is |ess

than 0.2, whereas the obtained polynmer will be excessively water-

sol ubl e and the produced coat will not be satisfactorily corrosion
-resistant nor paintable if the average rnber of substitutions of Z
group exceeds 1.0. 5 Each of R3 through R7 in the Z group as
expressed by the formula (111) or (1V) represents an aIkyI group wth
any of C t hrough C10 or_ a hydroxyal group th any t hr ough

ao Thehas diide cibersas phe ralitadned| klﬁ@@?l‘gllli Ih e@lﬁﬁées(&fw@lﬁrc?@itﬁﬁ'
oreater thaRonib® and the pfpfueed'Sedt el Sot, (5 FRiEHATRniTy citosdBpound
sel ect ed T %§f§?aﬁ}gﬁé¥d%aﬁﬁ%§$fé ﬁ 'dV%?ﬁ nﬂﬂ% ? ‘Eﬁb@&l?ﬁ%fﬂnssafts

and a ure of ‘any-o e purpose o e 1 nvention should be

apt to be dzsg)ﬁﬁﬁﬁ@xc@e@alldoaqueous rredl umin a colloidal state.
Therefore, the conpound is preferably supplied in the formof fi ne

particle$.  Spdiachi cof RBst ahresght hRT imrthee Lsgrbupoast I"amnaspeéé)y theof the
's.”YEQL' hat o Eatigod “"35’ QuALT, TapraBeHE: @Buss il B gfoup HigBeaty o | gat es
(i adomar k) EhEgue BI0 o o HRERVRIPR EYEn T 00 By bE L, AR 1B e

phosphat e apygl i 19y éd%a&edperforﬁls oﬂlry a éb'ffyaCEin” e QF EOFRAIbhLON

according to the 1 nvention y wel ght of sai d conponent (A)

that is sil pesistenpei argl palnmrltltymﬁaum aomipem @ft c4 Mot aaoms sis equal
~wat er - sol ubl e pol yners, nanely 25 (A) . (B) is preferably between 1:10 and

10: 1 andOnote i €reater ythan bbtween 1:5 and 5:1. The adhesi on of the
comesTon ey SUGEE 4, 4G SheTPte B BT
Eg;{‘t abi i tyrom A"BeBud BT 63116, P%1FENYs, ! SotsotndsNaP dethd- salf}¥ angr gduced
mixture of any of them for the purpose of the invention should be
apt to be dispersed in said agueous medium in a colloidal state.
15 Therefore, the compound is preferably supplied in the form of fine
particles. Specific substances that can be used for the purpose
of the invention include fumed silica or colloidal silica,
precipitated silica, natural powdery quartz, diatomaceous earth,
) loess, silicates such as montmorillonite, synthetic magnesium
20 silicate such as Labonite (trademark), titaniasol, zirconiasol,
aluminazol, barium sulfate, zinc phosphate and iron oxide red.
In a surface treatment composition according to the invention,
the ratio by weight of said component (A) that is silane coupling
agent to said component (B) that is water-soluble polymers, namely
256 (A) : (B) is preferably between 1:10 and 10:1 and more preferably
between 1:5 and 5:1. The adhesion of the composition 1o the
underlying metallic material is reduced to make the coat perform
unsatisfactorily in terms of corrosion-resistance and paintability

when the ratio by weight is less than 1:10. The produced coat



12 - performs only poorly in terns of corrosion-resistance and
paintability when the ratio by wei ght exceeds 10:1 and the content

rati o of the conponent (A) is very high. In a surface treatnment
conposition according to the invention, H2the ratio by weight of said
component (C) to the sum of said component (A) and (B) nanely C: [(A)
+ (B)], is preferably between 1:5 and 5:1. The obtained coat shows

i nsufficient &Hysical strength and is uniatisfactory in terns of
pai nt abi | i t yPRIH@TESi nonly DQRFLF cHll ctMSAnOE \FASTOSRRNTERSISRYCOe RE i s

wnor eas ¢ he DeTtant N WEGHER R iralia' O MelR T PIChefBPO L ralichut ot or

only POOF4 1o Bft ggérgp%f,gn f‘(ﬂ§°i‘s r@iiyshﬁﬂ;_g, Opai ntability and adhesion

when the rati o excee the content ra f the inorganic.

conpound (C) is Iveaysirfae {Peatmentopomposivibmcaecordéng nmentthennvention,
according_ to the invention w || be described in detail. A nethod
accor di ng5t cthenarat o it meight ofuseddagorngnents(Gur tacethe esumentt sdidi on

taini f t t t It f d with,it H
COTLEI L0 SROhEEE (o ehd T GRARES YA R T RO e
f the 20 ' teri al drd I it : ' :
o, Lhe 20 ooyl 511 ChH AR o, N, Mol R B,

0.05 and | . (/rghgth dHEfigr aﬂéafbistfﬁétoﬁﬂU%“%erxﬁ&"o“ﬁ?&in‘édlﬁ@ﬁ'ﬁ?”énd coin-
solution is made to contact the surface of the netallic matert al at

t emper at ur e soriavehnrddi saarceOfheny | ¢hé aratdolby wed@hsetonbessbdham el it agd i s
heat ed ang dri ed. Wth a surface trea naﬁt_nethod according to, the
i nventi oh ther genteffe &fs ther ingrgani e HompAUNd ol Wt ii§nVeRY 1o | Bherpagy the

s BB PR AT DO Sy LGP ek B lcblfn S pRRFERT BRI

poorly in terms of corrosion-resistance, paintability and adhesion

when the ratio exceeds 5:1 and the content ratio of the inorganic
compound (C) is very high.

15 Now, a surface treatment method according to the invention
will be described in detail. A method according to the invention
uses an aqueous surface treatment solution containing a surface
treatment composition of above and with its pH value regulated to

) between 2,0 and 6.5 to put and adhere to the surface of the

20 metallic material and drying it to form a coat having a dried
weight per unit area between 0.01 and 2.0g/m?, preferably between
0.05 and 1.0g/m?. Preferably, the aqueous surface treatment
solution is made to contact the surface of the metallic material
at temperature between 10 and 60°C for 0.1 to 30 seconds before it

25 is heated and dried.

With a surface treatment method according to the invention,
the aqueous surface treatment solution is regulated by diluting
the surface treatment composition with a water when necessary. At
this time, the pH value is regulated to between 2.0 and 6.5 by



13 usi ng phosphoric acid, sulphuric acid, hydrochloric acid, nitric
acid, hydrofluoric acid, conplex fluoride and/or an organi c acid. _

For the purpose of the invention, preferably, the pH val ue of t he
aqueous surface treatnent solution is regyBated by using 5 phosphoric
acid, an acidic phosphate and/or a fluoride which may be a fluoride of
a conpl ex. More preferably, the pH value is regul ated to between
3.0 and 5.0. The conposition in the treatnent solution and the surface
of the netalusiigephasphoriceaeid,esubplitter acid, dydesehlanie acid, pmddinte a
defective CO, uffjciené}g corrosi on-resi, st ant

h Ls .only 10 i
and pai nt abl & ehyaF&tlb‘Hr\‘/%Iafﬁ%- gomgl%giuﬁm andy 0538, QE&aR ife aGddyi ce

corponent (5t Ar Fae purbE T eh iendTohe SRR RSB 0L an
deposit out e aquebtle SUPAYS IeLARm T 831HI 16! HdglstOEn i Gsp val ue

exceeds 15 ues at can be used for contacting t

surface o5 aphosphori@ldcid, @i eicidic whosphaserdraiyert 4 etituseide oftniebsi hapn
accordi ng to the invention are not particularly limted. Techniques
t hat carbeb@ Tieerider of e qomppese of Mohe ipreferably,i nbeuplt ivaluwesion, 20

i d L1 - ting, Wile th t t t er at, d t he
Feat mont {iTRECARLSHH0 DEbyesR 3a0: anch O CIRGCORPRE T er:rxﬁ.rtehea”trﬂamrra
the t t [ s r
the t1 oat mone HETRF @i bhe ufielorie ik HEHAFHRsebi A oo fpact coth' ofpdr
treated et axdcegs il | 8b igrodueberabl Mehsat B angodl | eqdhag5 {Ehe Pﬁﬁ{)l ng
tenperature is preferably between 50 and 280[err] C It shoul d be

noted t hHd, imisufifidientlyf carrosioent rasiistantpand paomtable whewrtlienpHt walue

i nvention i s brgought .int ontact with_the .netallic material, sone of
the metal i dﬁsliﬁ$ setélaflrgnqcvt h@'ﬁﬁﬁ‘?%ﬂ | ithe serwdceri ﬁiflem Q&d thea hagneousr f ace

treatment cquROSHIAOCLoidf ISt Efrtailed because the component (B) that is
water-soluble polymers is apt to precipitate and deposit out of

the aqueous surface treatment solution when the pH value exceeds
15 6.5.

Techniques that can be used for contacting the surface of a
metallic material with a surface treatment composition according
to the invention are not particularly limited. Techniques that

) can be used for the purpose of the invention include immersion,
20 spraying and roll-coating. While the treatment temperature and
the treatment time are not subjected to particular limitations.
However, the treatment temperature is preferably between 10 and 60
C and the treatment time is preferably between 0.1 and 20 seconds.
The treated metallic material is preferably heated and dried.
25 The heating temperature is preferably between 50 and 280°C.
It should be noted that, when the surface treatment composition
according to the invention is brought into contact with the
metallic material, some of the metal ions arised from the metallic

material mixed with the surface treatment composition and reacted



14 - wi th conponent (B) to forma conplex precipitates. I f such is
the case, a netal sealing agent may be added to the surface treat ment
conposition. Effective netal sealing agents that can be used for the
purpose of the invention include EDTA, CytfoTA, 5 triethanol am ne,

gl uconic acid, heptgluconic acid, oxallc aci d, tartaric acid, malic
acid and organi ¢ phosphonic acid. A surface active agent nmay be
added to the aqueous surface treatment solution according to the

i nventi on i With diompopentpBoveto fommna cmxﬂ@m preciritateset allifi suchmtisr i al .
Surface act| Qﬁﬁgents 10 hat can used for . the purpose t(;}é:the

i nvention LRl rc$%ﬂlllilgav%$¢1bpol Baynbe addedur taddieasurfaceagent s

phosphat e £y pactent AOERIE 10407 ALra0 G it dB0ink Sadhts YL "o be' "
pol yet hyl engghycqort YRe. ﬁiﬁfipbﬁé’ G hAS! It A6R Alclge 2GS eh-pf, [he

pol yal cohol type and am purpose nventi on,
t he net al§l i ¢rethamodhm ey geuconusabed,t edgpreluesnic @8id)eaixaldc gt Mg ni zed
i ron sheet, an alum nium sheet, an alumnium alloy sheet and a

stainless $aetaricspeid, malicseniid asda0rganict phesphoaiceaeid.ed from
Phem cal i at g U Bes abt Ve dbd “°S££‘xaﬁb@a 4464 101 the chwlegis. pastace
i t d. |
ot overrent ki eht®s glytion, AOKARHETHS e APBRBA iR YR ™

iroh, sil Veth@rcontacﬂ(l‘nﬁbh %e metWMi@ méﬂé?lal £asGurraby aét*]% agents
corrosi on resi stance and gal ntability of a nmetallic nmateri al

 treatedlBy thainscan abesuﬂlsade for t thatpunposeonpbstihiei oinvemtdodi nineludehe
I nvention are inpro ot cl ear, However, the follow ng theory

may be thou%‘mmetrﬁlﬁgley atvﬁélle@b r%i@lghtﬁ%ﬁa(ﬁ%cé\céwﬁ he2GPBLE| |9k thet er i al
I's etched byarhonic acidate type, the sulfate type, the sulfonate and the

phosphate type, non-ionic surface active agents . of the
polyethyleneglycol type and the cationic surface active agents of

15 the polyalcoho! type and amine type.

For the purpose of the invention, the metallic material may be
selected from an iron sheet, a galvanized iron sheet, an aluminium
sheet, an aluminium alloy sheet and a stainless steel sheet.

) Additionally, it may be selected from pre-treated steel sheet by

20 a phosphate film formation process or chemical plating process.

A pre-treated steel plate provides improvement in terms of
corrosion-resistance and paintability. Chemical plating includes
substitutional plating of cobalt, nickel, copper, iron, silver or
gold.

25 While the reason why the corrosion-resistance and the
paintability of a metallic material treated by means of a surface
treatment composition according to the invention are improved is
not clear yet. However, the following theory may be thought to be
true. Firstly, the surface of the metallic material is etched by



15 t he phosphoric acid, an acidic phosphate, fluoride and fluoride
conpl ex contained in the surface treatnent conposition. As a

result, the pH of the interface rises and netal ions are appeared to
react the conponent of the water-soluble pgfyners and forma 5 hardly

sol ubl e coat along the surface of the netallic material. Then, the
hardly sol ubl e coat operates as barrier to remarkably | nprove the
corrosion-resi stance of the netallic naterial. However, | si nce the, coat
woul d not st rthegiphosplterrie aoidhanrecidic pheapkatesl | fluoridee avgndduerider

t he silane coupling agent, i§ used so that the 10 functional., group (

group) in theCOmpdEs| W@QEaﬁb upbrifge tr%w%quWhth’oxané%nd

th f f..th | lei . S alk § .
Funct i onal - roimlin EhE T pf.fhe intBBEE Risefdfhd Heberidms°alt Mpeared
component of w%\a@tefhefgﬁoifgbt nt ofpﬂhé"ﬁ%ﬁérlgo]dﬂléovli@oIMrédhﬁﬁd dorafat he

wat er - sol ubl e polyners e surface of the netallic materi al

Addi ti onal §y,hdrdd yceohdrientcoat dlongi the gurface afpdhed metallie material.
colloidally dispersed in the solution produces fine_ undul ati ons on t he
surface of ~tHkhemst sheilandyesolublennpah fopesatesi@sababnier to cremagkablyy

pai ntabi 111y WRIOVRTIS OG08 OPrasi arive 64 ChEAeyal 1€ giBRlaE, phdld,
L0, "okl ) AR s, o Y BECyCHREFE PP B Fe pprgrialy
DN ST o VR PP R, ) il g by, e fuagl e,
sheet (SPI) functional group (-OR group) in the hydrolysed silane coupling
agent may form an oxane bond on the surface of the metallic
material, and further the other functional group in the silane
coupling agent may react with the component of the water-soluble
polymers to improve the adhesion of the water-soluble polymers to
15 the surface of the metallic material.
Additionally, the component of the inorganic compound that is
colloidally dispersed in the solution produces fine undulations on
the surface of the metallic material, which fine undulations
effectively anchor the paint film formed on the surface to ensure
20 a satisfactory paintability and the strong coin-scratch resistance

of the surface of the metallic material.

Examples And Comparative Examples

Now, the present invention will be described in greater detail
25 by way of examples, which by no means limit the scope of the
present invention.
1. Metallic Materials Used in the Examples
@ -cold rolled steel sheet (SPC)



16 - commercially avail abl e grade of JI'S G3141, 0.6nmm thi ckness.

[err] gal vani zed steel sheet, commercially avail able hot dip
gal vani zed steel sheet, 0. 6mm t hi ckness. (d) 5 comercially
avai l abl e el ectric gal vani zed steel sheet]g 0. 6nmm t hi ckness (EGQ
[err] al um ni um sheet (AL) commercially available grade of JIS A

5052 0. 6nm t hi ckness. 10 2. Method of Pre-Cleaning of Metallic Material s.
The surface of all of the above listed netallic materials was treated
by spraying a menitencidlkal avai lsbjecgradey ofgdhy (Bidhe 0. bmmothieknesssse:
Product by Ni hon Par cal i,ziag Co.,, ﬁtd.) onto the surface of the

metal |ic materi@ &lvasriged sthed 8Re&b{err]C for 20 15 seconds to

-cl th f . dj . [ [ toth
i ace. " subseduer o Fctet TG pot' izt kbt yTRet' steel SHEREY' VD (2 0TS
t he residual a!dggh{nnﬂ.&%*?ggg‘omp)o conpl etely cl ean the surface of the

nmetallic material Conposition of Surface Treatnent Sol ution

<Treat megt Sol wom@ere¥ally availadleeebeptrdpr gabsdntizedesteedy sheate was used
for the conponent (A) of silane coupling agent, and water-soluble

pol yners wi t h 0. 6mmnthd ckness =(B6)dr ogen and Y1 = Z = -CH2N(CH[ err])2 and the
average 25 nunhgr of sulstituti of Z group = 1 were used for the
conponent @),a ]lnéu@oﬂ‘?ﬁﬁgi)si lica was used for the component (C) of

(B 21 ¢ 5 anqtilofdtaliiyatdt BHIGERAREBL°IYSC 00 0, whiifRicks, | (D
adj usted to 5.0 by using H2Si F6 and subsequently the
10 2. Method of Pre-Cleaning of Metallic Materials.
The surface of all of the above listed metallic materials was
treated by spraying a medium—alka]ine degreasing agent (Fine
Cleaner 4336: Product by Nihon Parcalizing Co., Ltd.) onto the
surface of the metallic material at temperature of 60°C for 20
15 seconds to pre-clean the surface and remove the dirt and oil
_adhering to the surface. Subsequently, the surface is washed with
tap water to remove the residual alkaline solution to completely

clean the surface of the metallic material.

20 3. Composition of Surface Treatment Solution
<Treatment Solution A>
3-mercaptopropoyltrimethoxysilane was used for the component
(A) of silane coupling agent, and water-soluble polymers with
n=25, X=nhydrogen and Yl = Z = -CH,N(CHs). and the average
25 number of substitutions of Z group = 1 were used for the component
(B), while colloidal silica was used for the component (C) of
inorganic compound and the three components were adjusted to make
A : ) =1:8and (C) : [(A) + BI=1:5, Then, the pH
value was adjusted to 5.0 by using H.SiFs and subsequently the



17 conposition was diluted with deionised water to nake it contain

10% of conposition counted in solid weight. <Treatnment Sol ution B>
N- ( 2- am noet hyl ) - 3-am nopropyl tri net hoxysi | ane was used for 5 the '
conponent (A) of silane coupling agent 17and wat er -sol ubl e pol ymer s
wthn=5 X=-CH2-C6H4-OH and Y1 = —-CI-|2N(CI-|[err])2 and  the

aver age nunber of substitutions of Z group = 0.75 were used for the
conmponent (B), while alumna sol was used for the conponent (C) of

i nor gani ¢ carqnmoldtmm waisedi hrted wmhlpa}eammseérvmtﬁm tadjakst etit t comskEn (A)
(B) =5 a()%(f  [(A), + (B)] ]1 hen, the pH value was
adj ust ed to'l 0 QWPQﬁlthgn qqmnteanm solidyweightent 1y the conposition was
diluted with dei n| S make it contain 10% of conposition
counted in soli é ﬁqﬁn\%aggfufmn gﬁ'r eatnment Sol ution C 15

3-am nopropyl triye m -

gl yci deoxypropyF\J t( thy 31 leeﬂﬁc?xysP‘Fm%protp#éfganllﬁt\;lg&mlarngt | vo’a%f Lﬁg;d for
active hy§lr agencomipérientarApooBrsidane tdvtipdaxy &geadp =and : wﬂieﬂ’-@o&uble used
for the conponent (A) of silane coupling agent, and water- sol ubl e

pol ymers wi tplolymers with nCrb,caHs- ﬁerHyiﬂii:andCMI\f dH3) ’z‘CHEN(Gihaztaml
average nu subst | tutl(%n of, Z Sroup .75 vvere used for the
conponent (Eﬁxe mr%geoalum OF s 8HRST3ItI0BE (o Z BEOUD = DoF®JfeIet Usey of

A
(eroant e Cooubl Mabifel "G C YRANETh NS, gq) ﬁvwﬁﬁsc;. GoRge

adj isted to c%mﬁoﬁénﬁsﬂﬂ)goﬁzﬁtdi%aﬁi'@ compottSat ehk! Vhl‘ééewﬁﬁﬁ@!t’s' Wereg\as

diluted with deionised water make 1t contain 10% of corrp05| t | on
count ed 1 sadUudtedaltghmake A) : (R)I’r=eaBt neﬂltalﬁbl(@ﬂl o[ & + (B)]

3-am nopropyl triethoxysil ang
. gl yci deoxypri@§il n’éti%ylpﬁl nﬁh@(yﬁ'aﬁarﬁm@ﬁﬁédeqﬁﬂ v @nib¥ atlﬁbng)f H(Fhe and

subsequently the composition was diluted with deionised water to
make it contain 10% of composition counted in solid weight.
{Treatment Solution O
15 3-aminopropyltriethoxysilane + 3-
glycideoxypropylmethyldimethoxysilane (the equivalent ratio of the
active hydrogen in the amino group : the epoxy group = 1 : 2) were
used for the component (A) of silane coupling agent, and water-
) soluble polymers with n = 5, X= -CH,-CeHs~0H and Y1=Z= -CH,N(CH;) .
20 and the average number of substitutions of Z group = 0.75 were
used for the component (B), while barium sulfate was used for the
component (C) of inorganic compound and the three components were
adjusted to make (A) : (B) =1 : 1 and (C) : [(A) + (B)] = '
Then, the pH value was adjusted to 4.0 by using H,TiFs and
25 subsequently the composition was diluted with deionised water to
make it contain 10¥ of composition counted in solid weight.
{Treatment Solution D>
d-aminopropyltriethoxysilane .+ 3-
glycideoxypropylmethyldimethoxysilane (the equivalent ratio of the



18 - active hydrogen in the amno group : the epoxy group =1 : 3) were
used for the conmponent (A) of silane coupling agent, and water- sol ubl e
polymers with n = 5, X= -CH2-CaH4-OH and Yl =Z- - CH2N( CH3) 2 and the
average nunber of substitutions of Z groupgg 0.75 were 5 used for the
conmponent (B), while colloidal silica was used for t he conponent (C) of
I norgani ¢ conpound and the three conponents were adjusted to make (A)
(B =1: 1and (O : [(A + (B)] =4 1. Then, the pH val ue was

adj ust ed to Sctivey hydregemlinstheramino group d shel epoxyegreun =y 1t hed) were
conmposition was_diluted with deioniseq 10 water to .make it contain 10% of
coggosition wsethifor the wompgnent @éi gﬁtsﬂane couphing, agetHs sanat iWpters

ol yoi deoxypr SOVTHE: AL ERFS: MR o (aBe K eHeghirthenOth Ang Y1=F o CHLCCHs) »
active hydrogen t{h?&@%r;@%&l AnG8 0 oF 'FuBé‘FiﬁR%Ms woun tzglgqu'p D 0775 € were used

for the conponen ane coupling agent, and wa

pol ymers % thsetl Fo¥. the Touponewe(BIpowhille= cél Foi ddR2NeCH ¢4 Wiak2 used g t he

average nunber of substitutions of Z group = 1 were used for the
conponent ( Byhe wompenent | (§)def iorganiewcompound fand the treeconpopenentsC) of

I norgani ¢ conpound ,and the thyee, co entg were dj dt ke (A
(B 217 1w pejisted Ap make e TE 1 71 Sengh (oL TSl TR 4
adjusted to 4.0 b ' H2 ki n | (o3 supse I
thJe.uiorrpo_si t 01?1 wgg&y I geeéﬁw‘l':ﬁ@_ Qasdear@@ﬁg@o{v\(}a?é@ Pg 1%2%5 ﬂﬁo%p _rg?:nylo%
of Lonposi tigdh & augt ﬁﬂ)déﬁu@ﬁt%fﬂh'edcm@tt-ion was dilutéd WARh &@igtiised F

- Conparati ve Exanpl e> ter-soluble polymers wth n =5, X =

hydr ogenl@ndvater=12 make itCeldN&iH3) P0%raf t ompositdiga neotntedof in  solid

substitutions of Z group =1 were used for the component (B), while
col | oi dal siWei@hteas used

<Treatment Solution E>

N-(2-aminoethyl)-3-aminopropyltrimethoxysilane - + 3-
glycideoxypropylmethyldimethoxysilane (the equivalent ratio of the
15 active hydrogen in the amino group : the epoxy group = 1 : 1) were
used for the component.(A) of silane coupling agent, and water-
soluble polymers with n = 5, X = hydrogen and Y1 = Z = -CH,N(CHs)
and the average number of substitutions of Z group = 1 were used
) for the component (B), while colloidal silica was used for the
20 component (C) of inorganic compound and the three components were
adjusted tomake (4) : B) =1 : land (C) : [(A) + B] =1 : 1.
Then, the pH value was adjusted to 4.0 by using H.TiFs and
phosphoric acid and subsequently the composition was diluted with
deionised water to make it contain 10¥ of composition counted in
25 solid weight.
{Treatment Solution F -Comparative Example>
Water-soluble polymers with n = 5, X = hydrogen and Y1 = Z =
-CH.N(CHs) . and the average number of substitutions of Z group =1

were used for the component (B), while colloidal silica was used



19 for the conponent (C) of inorganic conpound and the conponents

were adjusted to make (C) : (B) =1 : 1. Then, the pH val ue of the
conposition was adjusted to 4.0 by using H2Ti F6 anhd phosphoric " acid
and subsequently the conposition was diluteg with deionised 5 water to
make it contain 10% of conposition counted In solid wei ght .

<Treatnment Solution G -Conparative Exanpl e>
N- ( 2- am noet hyl ) - 3- am nopr gy ri rret hoxysi | ane 3-
gl yci deoxypr(fy mﬂm@pn@a ISP anmr@anmecﬁ,nmpauadt angt .tbeofcomenamts

?Sfritvﬁe“%ﬁhg%ﬁgﬁl 54355 68 L0 Puke 8Bt 1Y 20Dy 1 Prieriy ke oH Vo e o o
Py mee nunbahB Fombast ot R IRRLETE b 7. & by JETEEYRIIF ang SROERANC
conponent (B)acmohﬁdw%uﬁsem&mtystw@m%s%icﬁﬂ gﬁsnafgn%)wiél §1e66§ sed 1 -

1. Then, the pH value of the conposition was adjuste y usi ng
phosphorl & awatienntb makeequeruomaimel(l%ouﬂosmdmpmntlon wapudtedit da Wsdhid

dei oni sed wat ef to make it contain 10% of conposi tion counted in solid
wei ght . weighty -r eat rrent Sol ution H -Conparative exanpl e> 20

3- mer capt opr opoy ane used for the c onent (A) of

si | ane coupling ﬁg@é‘ttépns@a%mga%tVﬁEhan&p 5 X =

gﬁgrflgteﬂt ?gngloq: @ gronraeﬁt}g’ggBﬁWﬁ@%gﬁo Eg%hgnt (B, ¥ \)?’m |l e

bar{ um sul fagtyd\iafeobt?ypdoﬁplrmettml@ﬁﬁmmyé1Ia@e Qithe f*émﬂ%'lén@%t%”w% and
the three conponents were adjusted to mak (B) (C
[(A) + (B sactive Mdrcrgmn int tbe pam il geomi 't nhe epaxymgoeip il wal) ajrest ed
dei ont sedl velBF (19TaRe “SARORRAL: (3101 51baris CORRpUIE BEBALCoWN LG YaFeso) | d
wei ght . soluble polymers with n = 5, X = hydrogen and Y1 = Z = -CH.N(CHa).
and the average number of substitutions of Z group = 1 were used
for the component (B) and the components were adjusted to make (A)
16 ¢ (B) =1 : 1. Then, the pH value of the composition was adjusted
to 3.0 by using phosphoric acid and subsequently the composition
was diluted with deionised water to make it contain 10% of
composition counted in solid weight.
{Treatment Solution H -Comparative example>
20 J-mercaptopropoyltrimethoxysilane was used for the component
(A) of silane coupling agent, and water-soluble polymers with n =
5, X = hydrogen and Y1 = Z = -CH,N(CHs). and the average number of
substitutions of Z group = 1 were used for the component (B),
while barium sulfate was used for the component (C) of inorganic
25 compound and the three components were adjusted to make (A) : (B)
=1:8and (C) : [(A) + (B)] =1 : 20. Then, the pH value of the
composition was'édjusted to 4.5 by using HF and subsequently the
composition was diluted with deionised water to make it contain 10

% of composition counted in solid weight.



20 <Treatnent Solution | -Conparative exanple>

3-am nopropyl triethoxysil ane + - 3-

gl yci deoxypr opyl net hyl di met hoxysi | ane (the equivalent ratio of the

active hydrogen in the amno group : the #poxy group =1 : 3) were 5
used for the conmponent (A) of silane coupling agent, and water-

sol ubl e polynmers with n 5 X =-CH2-C6H4-OH and Y1 = Z = - CH2N(

CH3)2 and the a ra e nu e]r of s b titutiqns of Z group 0.75 wer e
used for the co Hpn‘@ Uhhom PI“B%?@HIV§| PXampl€as used for the

e S ek %@%Bﬂwﬁ‘@%@%ﬂaﬂ? o /‘i)e BT =1 23 Then,
the pH val u méldéw(ry Selth ngmm%haséwﬂta@gs (the ' uéle%}Kt 3%&?9 cﬁhgﬁ horic

acid and subsequent e conposition ei oni se ter
to make it aopive myae&g@f in theamiasi gmrp Qomnée@bdxp gedupl =81 9hB) whee
<Treatnment Solution J -Conparative exanpl e> Conventi onal ‘chromate

sol ut i on Sof uagplfarathe camposenzi dohr ofrgi lane eoupiNng Bgemyct abhg Ndter-
Par keri zi ng ment Solution to

Metal | ic I\/aﬁgfqballes poi@xers Wl@hﬁglﬁlecgt I O'%H(:f TI'E T%h ape X lend sotlNdn A

[ i d t di al vani st eel
Sheet (G ) )7 i BRFAyRSaRe sRbBHL 108, supsy ) fuftolf 6F 2 8R0S 1615 0as
dried by hepgére@ised ﬁ&iet'h%] Eemponent (B)i%'ﬂl’éecc?ﬁoééal s11ﬂ1§ Jvaféa‘?fs@ﬂ”t
solution B was applied by roll-coating at 15 an um nrum
shelet (AL) for a that ecmnipo@eng/(ﬂa abfer inbrgangc compﬁhﬁd\ amlde sltré uttheeewas
dried by_.heating to 150 etreatnent

"
sol ut i on0C GRRPONSHLS e d}iﬂﬂt@oéﬂlwea%%[ e&r)] el :1and (C) : [(4)
+ (B)] =1 : 2. Then, the pH value of the composition was adjusted

to 1.0 by using phosphoric acid and subsequently the composition
was diluted with deionised water to make it contain 10% of
composition counted in solid weight.
15 <Treatment Solution J -Comparative example>
Conventional chromate solution of application type (Zinchrom-1
300AN : Product by Nihon Parkerizing Co.,LTD )

) 4. Application of Treatment Solution to Metallic Materials.
20 <Example 1>
The treatment solution A was applied by roll-coating at 25C
to a hot 'dip galvanized steel sheet (GI) at a rate of 0.3g/m®
after drying. Then, the solution was dried by heating to 80C.
| <Example 2>
25 The treatment solution B was applied by roll—coating at 15C
to an aluminium sheet (AL) at a rate of 0.lg/m® after drying.
Then, the solution was dried by heating to 150C.
<Example 3>
The treatment solution C was applied by roll-coating at 30C



21 to a hot dip gal vani zed steel sheet (@) at a rate of 1. Qg/ n2
after drying. Then, the solution was dried by heating to 100[err]C
<Exampl e 4> The treatnment solution D was applied by roll-coating at
20[err]C 5 to a electric galvanized steelgjsheet (EG at a rate of 0.05g/n2
after drying. Then, the solution was dried by heating to 180[err]C.
<Exanpl e 5> Ni ckel plating |ayer of 20 ng/n2 was previously forned
on the surface of hot dip gal vani zed steel sheet (G) by treatin |t in
10 the ni cketo @ dioitndipgalvanizé¢drstpeed eshedt1 XG1) Rroducratd Nfhonl. Og/m?

Par kerizing Cg., LTD,) and_then the treatnent solutlon E was fyrther
appl i ed by r@ﬁercdavm@» dhepg[ the selubiom wag: dried by heaging to 1 Qa -er
dryi ng. And then<EI he i0|4§“0n was dried by heating to 150[err]C.

<Exanpl e 6> 15 plating layer of 20 ng/n2 was previously fornmed

on_the, | SUrT 2% SFliterd! Bo Y IANDZRSk B1cd 5P rod fdodVink! R ACI L 11

the nickel plati sol ution reparen

treat ment ssotwta @r]e@twﬁs gfallvaiiliBZedakae@ﬁ d:neertol(EG)cmt anga®s of0[ 0/08¢/m® at
arate of 0.1 g/n2 after drying. And then the solution was 20 dried by

heating to 1@biesr d]rmng Then<Edhengbéubon was dried by heatipgate 180/6: of

g/ n2 was previo d on the surface of hot dip gal vani zed st eel

sheet (G) by tr@é%/ﬂnﬂge conventionally in the phosphating sol ution
| bond- 0 |

the treatment  MckEL RRAHE I er ol A0 JR/AEL AL ey Tpusty dorked P he°"

Svg[sérg]r ICeSt surfalce e%it’llf%c t@éﬁlglrﬁgp?%é&rsﬁye\l' Eﬂeet (GW M‘et!}'eta@?ng @@l gl on
10 the nickel plating solution (Preparen 4015 Product of Nihon
Parkerizing Co., LTD ) and then the treatment solution E was |
further applied by roll coating at 20C at a rate of 1,5 g/m®
after drying. And then the solution was dried by heating to 150C.
<Example 6>
15 Nickel plating layer of 20 mg/m® was previously formed on the
surface of hot dip galvanized steel sheet (GI) by treating it in
the nickel plating solution (Preparen 4015), and then the
treatment solution ¢ was further applied by roll coating at 20C
) at a rate of 0.1 g/m* after drying. And then the solution was
20 dried by heating to 100°C.
<Example 7>
Zinc phosphate layer of 2 g/m® was previously formed on the
surface of hot dip galvanized steel sheet (GI) by treating it
conventionally in the phosphating solution {(Palbond-L 3300
25 Product of Nihon Parkerizing Co., LTD. ) and ‘then the treatment
solution E was further applied by roll coating at 20°C at a rate
of 0.3 g/m® after drying. And then the solution was dried by
heating to 100C.
<Example 8>



22 Zi nc phosphate | ayer of 2 g/nm2 was previously formed on the
surface of cold rolled steel sheet ( SPC) by treating it

conventionally in the phosphating solution (Pal bond-L3020 : Product of
Ni hon Parkerizing Co., LTD.) and then th&@%reatnment solution E 5 was
further applied by roll coating at 20[err]C at a rate of 0.1 g/nR after
drying. And then the solution was dried by heating to 100[err]C.
<Conparative Exanple 1> The treat jrent solutlon s appl i ed - by

rol | -coating at Hﬂ{@hﬁﬂhate laver odt &lﬂj@awaﬁrﬁrﬁé’doﬁﬁ O Re tor(éﬁ!'P at a

o o siraa of ) 14" Yol fea TB5RaL gsfn@agpg@ﬁpﬁo'@g YelBfng' g bY
L oo o SFRBHOAGRRLTS P 2bh HhoRgnielie 593 i patibse-fitny picaces

appl i ed SO'UT'NthﬁaPaﬂkéf¥ilhg beat iL19. )Qnﬁthéﬁrﬂhb treatment s6bwprmE ve
Exanpl e 3> Ni ckel platlng |.ayer of 20 gqﬁb was previously farnmed

on the 5 wasfhpethet applididpbyatoddncesting asl et aadyteopftOehtg/md it in
ni ckel plating solution (Preparen 4015 ),. and then the treatnent %&p
sol ution H a#ser Ldrwuag apid éhelbytheosolwwm Was Aried perheatiag to JH0L.

ﬁgaglﬁggigﬁ8gftéﬁ Yative Exam g%hggpaEPSe Eg;ﬁ%:gn4>mas drledNlbzzlkel
B o uan oo BEPHRRUTLEH P TN 97 b S i e
o o ao FoaTER ?2?%%%’3???“ i bt AN %mne
after drl;ﬁpﬁgfter (%&wdngherﬂ'henhe es@IpDﬂil@dlersrndﬂtgﬁm gwrsgﬂﬁled hygh@ahljl& 30150
[err] C 100°C..
<Comparative Example 2>
The treatment solution G was applied by roll-coating at 30T
to an aluminium sheet (AL) at a rate of 0.3 g/m® after drying.
15 Then, the applied solution was dried by heating to 200C.
<Comparative Example 3>
" Nickel plating layer of 20 mg/m® was previously formed on the
surface of hot dip galvanized steel sheet (GI) by treating it in
) nickel plating solution (Preparen 4015 ), and then the treatment
20 solution H was further applied by roll coating at 20 C at a rate
of 0.3 g/m2 after drying. And then the solution was dried by
heating to 80 C.
{Comparative Example 4>
Nickel plating layer of 20 mg/m* was previously formed on the
25 surface of hot dip galvanized steel sheet (GI) by treating it in
nickel plating solution (Preparen 4015 ), and then the treatment
solution 1 was further applied by roll coating at 20 C at a rate
of 0.3 g/m? after drying. And then the solution was dried by

heating to 150 C.



23 = <Conpar ati ve Exanple 5> Ni ckel plating |ayer of 20 ng/n?

was previously fornmed on the surface of hot dip gal vani zed steel sheet
(A) by treating it in ni ckel plating solution (Preparen 4015 ), and
then the treatment 5 solution J was furtgger applied by roll coating at a
rate of 40 ny/ n2 of chromum And then the solution was dried by
heating to 80 [err] C. 5. Method of Preparing Test Specinen To
the nmetallic materials of <Exanple 1> [err] <Conparative Exanple 10 5>, a
commer ci al | §Cempanasive xampdeom® paint (V-Knit #200: Product by

e . | | o o Y ed
200] err) G, -ana Niske1cb (44ie: L76T wTadhinen'cvar piey 10a y5Po”Rfmsgi o e i
P | 0 Pl 1. G T ' :

o o Bl pPohdl 8D P NarThea, &0 W38t (CIFORY) BFbIREIFE 30,2,
cvaluation nickel $iatifg'sodft iy Reveparit 4015 ), afd/thbl9 B AreBfifertay! NG

the depth reaching to the material are formed by cutter knife

on the sérfgchitdionedcies durtRér appddedebys rodibdeeaisiaigt aved aratepofy4l gyt
conformng to JIS-Z 2371 wer e conducted for 480 hours. _ The

speci nens vt ©f ehipmiibd Apg then dbeesaluid onhwasidnied( byyhest ingeto B
produced in,. he scratch area and using the followi ng rating system
[err]: | ess™han 3nm 25 [err] : not less than 3mm and | ess than 5mm

[err] : notslmhbhm%a?%é%gﬁt%v X: not less than 10mm

6-2. Bend Adhesion end Adhesi on Test
) To the metallic materials of <Example 1> ~ <Comparative Example

10 5>, a commercially available undercoat paint (V-Knit #200: Product
by Dainihon Paint Co., Ltd) was applied to a thickness of 5.5um,
baked at 200°C, and then a commercially available finish coat
paint ( V-Knit # 500 : Product by Dainihon Paint Co., LTD) was
applied further to a thickness of 17um and baked it again at 220

15 C.
6. Test and Evaluation
6-1. Corrosion-Resistant
Cutting scratches having the depth reaching to the metallic .
! material are formed by cutter knife on the surface of each test

20 specimens, and a salt water spray test conforming to JIS-Z 2371
were conducted for 480 hours. The specimens were evaluated by
observing the width (mm) of the rust produced in the scratch area
and using the following rating system.

©: less than 3mm
25 O: not less than 3mm and less than 5mm
A: not less than 5mm and less than 10mm
X: not less than 10mm
6-2. Bend Adhesion Test
« Primary Bend Adhesion Test



24 - Test speci nens were subjected to the bending at 20[err]C and

peeling off area of coating were neasured conformng to JIS-G 3312.
Secondary Bend Adhesion Test 5 Test specinens were inmersed in boiling
water for 2 hours and exposed to24ir for 1 day. Then bend adhesion
test were carried out in the sanme way as primary bend adhesi on
test. Eval uati on of Bend Adhesi on Test 5 : no peeling off
10 4 : peeling off area is less than 10 % ling off

area i sI 10[ er r TB8t %specimens were pudljeagedf ft%réhei®@ipéfaﬁ M@ﬁn
L ing of f i 80. % 6-3. Coi -
e 1 OB RS WP were aeGedref UiTEHTE hol9T8-6°

speci nen and tBS goat ed surface was scratched by it under a | oad of 3kg
at a const ant }_t After the test, the scars on the coat ed
surface were gxgg%éﬁ?kry BerddAdhRS ¢ EiREt Were eval uated by using the
follow ng rating. 5. no exposed netal surface (only the priner

was expoged) Test specidens werecimmetsed snrbeiddngewatarhfor12dours and 3

exposed netal surface not _|ess than 10% and | ess than 50% . 2:
exposed netal eHposek teotircfey dnday.sdhennbendadhesion dgsowere carried ;.

exposed netal surface,area not |ess t.nan % est . lts are
summeri zed in $&b| B thecSame Way; ¢8 M%Vggeﬁq ﬁdthis%B’Eglel shows excel | ent
corrosi on-resi, :and  pag bk & However, it is produced usin
the liquid conﬁgsmﬁgl%@hpgrar%%ﬁed?hgiﬁ%é%n Test P o
25 ) 5 : no peeling off

10 : peeling off area is less than 10 %

4
3 : peeling off area is 10~50 %
2 : peeling off area is 51~80 %
1 : peeling off area is more than 80 ¥
6-3. Coin-Scratch Test
15 A 10 yen coin was held with an angle of 45° to the test
specimen and the coated surface was scratched by it under a load
of 3kg at a constant rate. After the test, the scars on the
coated surface were examined. The specimens were evaluated by
’ using the following rating.
20 5: no exposed metal surface (only the primer was exposed)
4: exposed metal surface less than 10%
3: exposed metal surface not less than 10% and less than
50%
2: exposed metal surface not less than 50% and less than

25 80% ,
1: exposed metal surface area not less than 80%
Test results are summerized in Table 1. Comparative example 5 in
Table 1 shows excellent corrosion-resistance and paintability.
However, it is produced using the liquid containing chromate, and



it is not suitable since it arises contam nated industrial wastes. In
Exanple 1[err]8 of Table 1, a surface treatnent conposition of the
present invention were used and harnful industrial wastes were not

ari sed. An excellent corrosion-resistancgband paintability as good 5 as
that of conparative exanple 5 were obtained. Conparative

exanple 1 is not containing silane coupling agent . Also in
conpartive .exanple 2 4, different solution other .than,t

surface tr dik 3RO SiHiBaPTE GHIGE | har3pes AT EALAT ﬁr\%wwslggrastes- and
ai nt abi 110 ERabfé Jokp S Hable! I, SOSURTART ARRLESAT EORBRE o oBoFh%s i o

Bend Adhesiﬁgséﬁﬁtixﬁ‘éh'ﬂiéﬁrvﬁr@hused and harmful'\/’ihﬁﬁéﬂ'ia'ia%f‘gsr ]weréeﬁétzt ant

Primary Scondary Test 1 d _
g 5ar:1;sed.G|An eXcel Wnt corrosion-resistanceeand faintab'ﬂl i4ty as gdczd
err '
4 EG 5 as that of compayativp example we]re gbtained.5  ComparaGive
Ni %Frrﬁ . 5 .5, .y D ?. €] w . 0
5 seXample 5l 1s not congpining silgnec couplipg,,jagent. 5 Also im
g £ compartive exampld’20SBNAUE 4, differg%gﬁ%ftepl%n other Zﬂhrzlgl the Lerr]
A ésurfacelltreatm%ntl com&osif‘ion of N'iahe p%eserﬁ%( invent%on were %sed, )
4 a and shdéwing unsatisifactery result® in corrésion-rbsist@ance and / Ni
[err] 5 . ,?, 5 Advant ages of the Invention
Since ad&uprapeintabdd it agent according to the invention provi des
corrosion-resistance and paintability to a satisfactory | evel wi thout
using any chromate, it can nmake the industry
Table 1
No | Metallic | Pre treatment | Corrosio | Bend Adhesion test | Coin Scratch
Material | Layer resistant] Primary | Scondary | Test
1 Gl - @ 4 4 5
2 AL - © 4 4 5
3 Gl - © 4 4 4
4 EG - © 4 4 b
S [5] Ni O 5 5 5
4 [8] a Ni 8) 5 5 5
Mot Gl Zinc e} 5 5 5
) phosphate
8 SPC Zinc © 5 5 5
phosphate
® 1 Gl - X 1 1 4
2 o2 A - A 4 5 1
£ a3 ] a Ni X 5 5 2
gg 4| @l Ni X 2 2 3
© 5 Gl Ni © 5 5 5

Advantages of the Invention

Since a surface treatment agent according to the invention
provides corrosion-resistance and paintability to a satisfactory

level without using any chromate, it can make the industry



26 adaptable in future when the use of chromate is nore rigorously
pr ohi bi t ed. Additionally, since a surface treatnent conposition
according to the invention is not selective to a sort of netallic
material to be used, it can enhance the c28rosion-resistance and 5 the
paintability of many sort of netallic material so that the

advant ageous properties of each netallic material may be fully

PO {50 g 8 i e300 L TR0 SR,
par ticul arly \ i § Hd OfAdaBlT{bﬁgﬁE?,msiﬂﬁgtf%ﬁfr?gcg;tq'e%?ﬁé‘ﬁ{ | ApBEition

resour ces.

CLAI M5 : u t $PEPQS it | tgF RetapEe for a
metallic rrata(e;??lé mcgg\r%r .fﬁs?ﬁg“’%f/l?% B;g' gﬁg%;&lgei ng diasggﬁ/edg agg | or
di spersed i natéei glgueobe wwdpost team enhance the corrosion-resistance and

5 the paintability of many sort of metallic material so that the

advantageous properties of each metallic material may be fully

exploited.
Therefore, a surface treatment composition according to the
) invention is highly feasible to practical applications

10 particularly in terms of environment protection and recycling of

resources.



(A) a silane coupling agent containing one or nore than one silane coupling
conpounds having at |least a reactive functional group selected froman
acti ve- hydrogen-cont ai ni ng am no group, an epoxy group, a vinyl group, a
mercapto group and a nethacryl oxy group; 27 (B) one or nore than one
wat er-sol ubl e polynmers being expressed by general formula (1) bel ow and
showi ng average degree of polynerisation between 2 and 50: [err]
[err] [err] [err] where X bonded to the benzene
ring represents a hydrogen atom a hydroxyl group, an al kyl group with any
of G through C5, a hydroxyal kyl group 'i any of C through C5, an aryl
group with any of C6 through Cl2, a beﬁﬁb ﬁ%roup, a benzal group, an

unsat urat ed hydrocarbon group adapted to be condensed with said benzene
ring and forma naphthal ene ring or a group expressed by formula (I11)

bel ow 28 [err]

1. A surface treatment aqueous composition to be used for a
metallic material comprising (A), (B) and (C) being dissolved and
/ or dispersed in the aqueous composition.

(A) a silane coupling agent containing one or more than one

) silane coupling compounds having at least a reactive functional

group selected from an active-hydrogen-containing amino group, an
epoxy group, a vinyl group, a mercapto group and a methacryloxy
group,

(B) one or more than one water-soluble polymers being
expressed by general formula (I) below and showing average

degree of polymerisation between 2 and 50:
— OH —

CH2 (1)

S —

where X bonded to the benzene ring represents a hydrogen atom, a
hydroxyl group, an alkyl group with any of C1 through C5, a
hydroxyalkyl group with any of Cl through €5, an aryl group with
any of €6 through Cl2, a benzyl group, a benzal group, an
unsaturated hydrocarbon group adapted to be condensed with said
benzene ring and form a naphthalene ring or a group expressed ' by
formula (II) below:

* [ L M S *



[err} ([err] [err] where each of R1
and R2 represents a hydrogen atom a hydroxyl group, an alkyl group with
any of Cl through C5 or a hydroxyal kyl group with any of Cl through C10,
each of Y1 and Y2 bonded to the respectigg benzene rings in fornmulas (1)
and (11) representing a Z group expressed i ndependently by formula (111) or
(I'V) bel ow. [err] [err]

[err] [err] [err] [err] where
each of R3, R4, R5, R6 and R7 represents a hydrogen atom an al kyl group
with any of Cl1 through C10 or a hydroxyal kyl group with any of C

t hrough C10 i ndependently rejative to each other and the average nunber of
substitutions of Z graup i ccach pfz the benzene rings of said pol yner

nol ecule is between 0.2 and 1.0; and (© one or nore than one inorganic
conpound selected froma group of silica, silicates, conpounds of netal
salts and a m xture

(1)

J Y 2
H

) where each of R1 and R2 represents a hydrogen atom, a hydroxyl
group, an alkyl group with ahy of C1 through C5 or a hydroxyalkyl
group with any of Cl1 through C10, each of Yl and Y2 bonded to the
respective benzene rings in formulas (I) and (II) representing a Z
group expressed independently by formula (III) or (IV) below:

/R3

(m)

Nr

1

/R5 —+

1T CH2Z2 ~—~ N —REB

S \R'I -

where each of R3, R4, R5, R6 and R7 represents a hydrogen atom, an
aikyl group with any of Cl through C10 or a hydroxyalkyl group
with any of Cl through C10 independently relative to each other
and the average number of substitutions of Z group in each of the
benzene rings of said polymer molecule is between 0.2 and 1.0; and

(V)

(C) one or more than one inorganic compound selected from a
group of silica, silicates, compounds of metal salts and a mixture

A



29 -of any of them each are being dispersed in said aqueous nediumin a
col | oi dal state. 2. A surface treatnent conposition to be used for
a netallic material according to claim1, -wherein the ratio of said
conponent (A) that is silane coupling agefl@ to said conponent (B) that is
wat er - sol ubl e polyners, nanely (A) : (B) is between 1:10 and 10:1 and the
rati o by wei ght of said conmponent (C) that is inorganic conpound to [(A) +
(B)], nanely C: [(A) .+ (B)] .is befween 1:5 and 5:1. , 3. Asurface
treatment cdipd@®¥t Pbrihed, peach ager being ﬂéﬁﬁﬂﬁ% it 841 aqyeews Meddumoin) ai m
1, wherein said,cQ ent,.(A) that is silane coupling agent contains (a) a
sil ane couplar ﬁ@liﬂg&)ﬁoln(,sgm% ning one or nore than one silane coupling
conpounds havi ng one or nore than one active-hydrogen-containing am no
groups and (b) a silane coupling agent containing one or nore than one

sil ane coupling gonMpwdfabéeVvireataeet Wonposi vidnhao beaisedofysid aeeadl peips.
4. A surface treatnent conposition to be used for a netallic materi al

accor di ng t anatieaial Jacoording rta edaimul,vshenein gheoratia iod said component
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j compound to [(A) + (B)], namely C : EQA) + (B)] is between 1:5

and 5:1.

3. A surface treatment composition to be used for a metallic
material according to claim 1, wherein said component (A) that is
silane coupling agent contains (a) a silane coupling agent
containing one or more than one silane coupling compounds having
one or more than one active-hydrogen-containing amino groups and
(b) a silane coupling agent containing one or more than one silane

coupling compounds having one ore more than one epoxysilane groups.

4. A surface treatment composition to be used for a metallic
material according to claim 3, wherein the equivalent ratio of the
active-hydrogen-containing amino groups contained in said silane
coupling agent (a) to the epoxysilane groups contained in said

silane coupling agent (b) is between 3:1 and 1:3.

5. A surface treatment composition to be used for a metallic
material according to claim 3 or 4, wherein weight ratio of the
sum of said silane coupling agent (a) and said silane coupling
agent (b) to said water-soluble polymer component (B), namely

R R O 0



30 [(a) + (b)] : (B) is between 1:1 and 5: 1. 6. A surface
trreatnent nmethod to be used for a netallic material conprising: using a
surface treatnment aqueous conposition according to any of claim 1[err]
claim5 with the pH value regul ated to bet 2. 0 and 6.5 to adhere to
the surface of the netallic material and drying it to forma coat having a
dried wei ght of between 0.01 and 2. 0g/n2. 7. A surface treatnent
method to be used for a netallic material according to claim6, wherein the
surface of the[(&)at I(b}]mat@)i 4k betweent 1 ehtaad bslprelimnarily treated by
means of a phosphate layer formng process or a plating |layer formng
process before using a surface treatnent aqueous sol ution.

6. A surface treatment method to be used for a metallic
material comprising: '
using a surface t{reatment aqueous composition according to
any of claim 1~ claim 5 with the pH value regulated to between 2.
0 and 6.5 to adhere to the surface of the metallic material and °
drying it to form a coat having a dried wefght of between 0.01 and
) 2. 0g/m?,

7. A surface treatment method to be used for a metallic
material according to claim 6, wherein the surface of the metallic
material to be treated is preliminarily treated by means of a
phosphate layer forming process or a plating layer forming
process before using a surface treatment agueous solution.
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