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working and/or molded products such as car bodies,
automotive parts, building materials and parts for
household appliances; cast products; sheet coils; etc.,
made of zinc-containing metal-plated steel sheets, steel
sheets and/or aluminum-containing metallic materials, a
coat having together not only excellent corrosion
resistance and adhesion, but also such heat resistance,
weldability, continuous workability and electric
conductivity as an inorganic coat usually has, and such
fingerprint resistance and paint adhesion as an organic
coat usuwally has; a surface-treating process and a
surface-treated metallic material.

BACKGROUND ART

As techniques to form a coat excellent in adhesion

to the surface of metallic materials and giving the



chromate coat using a treating |liquid containing

chromc acid or dichromc acid or a salt thereof as a

mai n 5 conponent; a process to forma coat by a

phosphate salt treatnent; a process-to forma coat by
treatment only wth a silane coupling agent; a

proce or coat of .an _organi.¢c resin; etc.,.apd
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with an aqueous solution containing an organic functional
group-containing silane in a low concentration and a
crosslinking agent in order to gain a temporary
anticorrosive effect. It is disclosed that the
crosslinking agent crosslinks the organic functional

25 group-centaining silane to form a dense sioxane coat.

A process 1s disclosed in JP-A-2001-49453 to form a
coat excellent in corrosion resistance and paint adhesion
on the surface of a metal using a surface-treating agent
containing a compound having two or more alkoxysilane

30 mojieties and a compound selected from organic acids,
phosphoric acid and complex fluorides.
As a technique using an organic resin coat, a one

pack-type aqueocus coating agent for steels is disclosed



5 matter; is excellent in bath stability; is capable

of formng a coat excellent in corrosion resistance,

solvent resistance, alkali resistance, paint adhesion

and coat adhesion; and is suitabl® for application

onto steels such as zinc-containing netal -coated
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presc?F%% fanges; and a 25 process for preparation

thereof. PhéEeQEHRE(Ec1 SMENTLONTHONEX®S 3- 10546 Gl ason-
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silane coupling agent (C) having a specific reactive
functional group and a specific acid compound (E), in
which surface~treating agent, the contents of the
cationic urethane resin (B} and the silane coupling agent
(C} are respectively in the prescribed ranges; and a
process for preparation thereof,
DISCLOSURE OF INVENTION
However, techniques disclosed in the above~mentioned
JP-A-58-15541, US-B-5,292,549 and JP-A-2001-48453 have
problems that performances such as electric conductivity
and fingerprint resistance are very poor; it is difficult
to further enhance performances such as corrosion

resistance and paint adhesion: even if it is possible to

form a coat excellent in corrosion resistance and paint



JP- A- 2003- 105562 have problens that the resulting
coated netallic materials are poor in perfornmances
such as electric conductivity and spot weldability
since 10 corrosion resistance amd 4imngerprint
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resi stance and pai nt adhesi on as an organic ‘ _
0 place of one giving a chxomate coat is not obtained, and
development of a surface-treating agent and a surface-
treating process capable of generally solving the above
problems has strongly been desired.
This invention aims to provide a surface-treating
25 agent for metallic materials which solves the above
problems which prior arts have, and is capable of forming
a novel coat having togethexr not only excellent corrosion
resistance and adhesion, but also such heat resistance,
weldability, continuous workability and electric
30 conductivity as an inorganic coat usually has, and such
fingerprint resistance and paint adhesion as an organic
coat usually has; a surface-treating process using the

surface-treating agent; and a metallic material surface-



coat usually has can be forned by treating a netallic
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least one of them is an alkoxyl group) and at least one
hydrophilic functional group (b) selected from hydroxyl
groups (which are different from those containable in the
functional groups (a)}, amino groups, carboxyl groups,
phosphoric acld groups, phosphonic acid groups, sulfonic
acid groups, polyoxyethylene chains and amide groups, and
has a molecular weight, per one functicnal group (b}, of
100 to 10,000, is compounded (Eﬁbodiment 1.

The organic silicon compound can genexally be
formed, for example, by reaction between the following
organic compound (A} and the following organic compound
{B), but the organic silicon compound and the product by

the reaction are not necessarily identical, and can



tertiary am no groups, quaternary anmoni um groups,
phosphoric acid groups, phosphonic acid groups,
sulfonic acid groups, primry anm do groups, secondary
am no groups and pol yoxyet hyl ere 6ckai ns, all these
groups and chains 15 being different fromthose
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Sbinb éﬁﬁdoﬁaﬂlgﬁtQQFEchg%gﬁlagrbﬁFl?&?rgggrggé?gﬁd by the
formula -8iR!R? R (wherein RP R® and R’ areyasgdeffned
above) (Embodiment 2).

This invention also relates to a process for
surface-treating a metallic material which comprises
applying the above surface-treating agent onto the
surface of the metallic¢c material, and drying the
resulting surface-treating agent to form a coat of 10 to
3,000 mg/m® in terms of Si0.; and a metallic material
surface-treated by the surface-treating process.

A surface-treated metallic material obtained by
applying the surface-treating agent of the invention onto
the surface of a metallic material, and drying the
resulting surface-treating agent has together not only

excellent corrosion resistance and adhesion, but also



the definition of R, R2 and R3 in the functiona
group (a) is not particularly limted, but is
preferably 15 1 to 6, further preferably 1 to 4 and
still further preferably 1 or 2 7As the proportion of
presence of the functional group (b), the nol ecul ar
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than 100, the water resistance of a coat formed is
strikingly lowered. On the other hand, when the
molecular weight per one functional group {(b) is more
than 10,000, the organic silicon compound becomes hard to
dissolve or disperse stably.

The process for preparation of the organic silicon
compound in the invention is not particularly limited,
and there c¢an, for example, be mentioned (1) a process of
obtaining an organic silicon compound by reaction of a
compound having two or more active hydrogen-containing
functional groups with a chlorosilane, (2) a process of
obtaining an organic silicon compound by reaction of a

silane coupling agent having a vinyl group with a vinyl



15 use an organic silicon conmpound having a functiona
group (b) in the structure, or it is also possible to
react a silane coupling agent having two or nore of
the functional groups (a) with a onpound having a
functional group (b) to forman organic silicon
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mentioned hydroxylamine, polyhydric alcohels, aminethiol,

aminesulfonic acid, hydroxyphosphonic acid, amine acids, -
atc,

The aqueous metal surface-treating agent of the
25 invention (Embodiment 2) is, as mentioned above, an
aqueous metal surface-treating agent wherein an organic
compound (A) having a functional group (I), and an
organic compound (B) having a functional group (II)
capable of reacting with the functional group (I) and at
30 least one hydrophiic functional group (III) selected from
hydroxyl groups (which are different from those
containable in the following functional groups (a)),

primary, secondary and tertiary amino groups, quaternary



compound (A) is unstable in an aqueous system or does
not dissolve therein, which is an undesirabl e thing.
When the functional group (1) or functional 20 group
(I'l) is a hydrophilic functional=g¢g?oup and a
functional group formed after they reacted falls
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group {17 ds nce phi
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am nomlﬂfafdltd'ria‘lefgl'i@&bsmaqn@:e@ﬁ@s&nted by the formula -SiR'R’R?
anmi nopropyl triethoxysil ane; wercapto Si | EPSU h as
1G- rrerbd}ﬁltﬂ#‘b@/b Ry iand r%xy?é?el &Fe Aeifd il anes

such 5 as Isho QY LR I &1&0&?317' kes aBd Bave any

|socyanatopropy r et xyS|Ia Vi n
gr oup-I@dcphiilig ﬁnﬂaﬂﬂanaﬁughomp waﬁﬁﬂerGtHbﬁ%sﬁh&néqueous

20?bPF§$2%Lé4trlnEthox%Ebh%nggeﬁgl35?%?@38% S 3UendSins only

pol ygla\fplébqaanQfo&p@%dlque&mw lar IthJctJ.onal group (I) and
pol ygl'yci dyl ethers; isocyanate conmpounds such

1% ol yl awém:qtgmgaénar@updutaﬁe@meldﬁasﬁe nod; .cga@,;t&ﬂaltge organic
naphthalen 5%% ﬁﬁcy?HﬁﬁF qgﬂhp %@%unﬁ'%ﬁ@cﬁénéh%h organic

nethy|61 é} it ai ni'ng oundstsuch as’' nel am ne
and diggigayirel prgpiienivnstebde amtameaqmbbﬂsengsxgm or does not

cont ai ni ng .conpounds such acetoacetox
|n1dod%ﬁﬁﬁ%ﬁﬂ1 e§ﬁﬁﬁwa§hNC§ ﬁfﬁ%@ %ﬁ&hg.
etc. The o G %orﬁa?wiohﬁh oﬁ?:L (231 w:tfmamonal

limted, and as exanpl es t her eof ere can be
zmenthnm@p (I1) is a hydrophilic functional group and a
functional group formed after they reacted falls within
the definition of the hydrophilic functional group (111),
the presence of the hydrophilic functional group (III) is
not always necessary. The hydrophilic functional
25 group (III) can be contained from the beginning in the
organic compound (B), or can newly be introduced therein.
The organic compound (A) is not particularly
limited, and as examples thereof, there can be mentioned
epoxy silanes such as 3-
30 glycidyloxypropyltrimethoxysilane, 3-
glycidyloxypropylmethyldimethoxysilane and 2=-(3,4-
epoxycyclohexyl)ethyl—trimethoxysilane; amino silanes

such as N-(2~amincethyl)=-3-aminopropylmethyl-




am no silanes such as N-(2-am noethyl)-3 20

am nopr opyl net hyl di net hoxysi | ane, N-(am noet hyl) - 3-
am nopropyl tri net hoxysi |l ane and 3-

am nopropyl tri et hoxysil ane; am rRel@omrpounds such as
isophoronedianine, pi perazi ne, di phenyl met hanedi am ne;
pol yo ct unds such as 25
neopeﬁ%‘ %9 lﬁggggl§cqamﬁggéﬁh§9?E96 hexanedi ol
d|gIyendybpebbgatamdehhdxggemahedahdsshenol A

di glycid th roxyl.am nes_such as et hanol am_ne _
ond GRS pRRGORN LR ShOPFNUALRECE BEHGPEES Ehiges Sudf as 3
gl ycoIm'éma@l&bp@bEyQI—&rsﬂ@hhaﬁyawgheQew@afaﬂaab aftaRes such
30 anlnogropanet ol ; hydroxycarboxylic acids such as

§ art arisc aéﬁacaﬁaasoageﬁvﬁtéla@thexzmh%%| $BRi - aci ds

such c -

nyr o3y shyabREdpLoRRPLERaLEBERUILANLE SEhTL axpupreontaining
aci d; 51liﬁesdsanhnaalkyhyNtfbethoxgsﬂkananam@ pﬁlds

such as %&ic ne, . al ani pe and 8Iutan1c ac

tc. It ,
is pré&F¥ BrimgrheR¥sy 88A7 cEPEY cOrPRINY n%i“%ln‘ ag sorbitol
Pf?d%bli@ngeﬂd?! éBEeESaCbbpﬁgP%céP&é Of §Byd Ty SDAPDUdEhers and

e or ganl c conpound east one
10gj | oxaﬁetﬁeﬁutbm‘a@heﬁobygéﬁ%@ﬁ%aﬂlamr%t 15RCYANHEE ccompounds

of upngt o] fo
pond( Sioh 38 EOT T el Mb2s08)aniVe | DB e HANE
functdmnabcgammpe,(naphthelemga@irssc?amatecﬂﬂ@mﬂﬂ&ylﬂne
t he aQoye oduct co to have gilon er nol ecul

chai n éﬁﬁOanﬁg thmEERH SIECHRSTR tc?}?pounéls such as

net WoRK] Shitst 4@ dhﬁ&@ﬁfﬁoﬁ@ﬁdpi@i@ré&ﬁwa@ﬁm tihethylene-
reactivity of the silanol is |'owered due to steric

15hi ndrepekeaining  comppunds suchias taceffoasriaryareylate; imido

SI|IC n pve .
1) COBBATRTENE A HPYE B L PEL AL ete.
net allic composighaiid cenpdwndi (B) aidinet qodrtorcuimely
nmetallic ion (when the netallic ion is a Zr ion, a Ti
i on, HRECedn d ATLFYRl et HhLERE MTdISF S (AT ‘be’ mentioned

rretal dhind (Slch 28 10| 3 Crfitlo by jspsr soi d s
excl u into the aqueous netal surface-
20 anminopropylmethyldimethoxysilane, N-(aminoethyl)-3-

aminopropyltrimethoxysilane and 3-
aminopropyltriethoxysilane; amine compounds such as
isophoronediamine, piperazine, diphenylmethanediamine;
polyoxyethylene adducts of epoxy compounds such as

25 neopenytyl glycol diglycidyl ether, 1,6-hexanediol
diglycidyl ether and hydrogenated bisphenol A diglycidyl
ether; hydroxylamines such as ethanolamine and
propanclamine; polyhydric alcohols such as glycols:
aminethiols such as 2-aminoethanethiol and 2-

30 aminopropanethiol; hydroxycarboxzylic acids such as
tartaric acid and L-ascorbic acid; aminosulfonic acids

such as 2-amino-l-naphthalenesulfonic acid;

hydroxyphosphonic acids such as o-glycerophosphonic acid;



treating agent of the invention (Enbodi nent 1 and

Enbodi nent 2), and, thereby, the corrosion resistance

of a metallic material treated with the aqueous netal

surface-treating agent of the imvkhtion increases. It

Is 25 preferred that the bivalent or nore netallic ion

|S at T a8 . glycine,
lbﬁﬁﬁgﬁﬁﬂgkﬁﬁhgbﬁandgéga%on%mgég %%é?%&ﬁ$ﬁﬁn1 9

(CD cadaainengnd gbutamEQtaoianebcnetall|c ion, there

can be nentioned

h | h
aci ds such EleIBB?ge§Ee§cF€§ ﬂ%;%ﬁ%?¥ﬂ a%*%#grntéééPound or

aci d gngrsdhbdr F6racidby §Hét§e9ét§tbk€hoﬂet}@é80maﬁuc compound,
organi ¢ acids such as formc acid, acetic acj

Sut yri(3) aghd, thraPraanéfdcompeRRfi (B) Jpag at aJc%?%t one
aC|d E&gﬁgﬂébbSnacbgta ﬁé&aﬁgccaﬁﬁgm &tiéﬂcof 4o or more of

I'c acid onic acid elc acid and
phthathe ﬁundtlonatngOQEStsabf sk hE paeming g&kﬁﬁ%ﬂ@ bond(s)

| k d d |
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S Conbﬂbﬁpﬁg(ﬁpﬂpﬁhédﬁrg&hftesislﬁ@npammp@wméror the above
limtation, and there can be_ exe I|f ed vanq%wgnw and a
10hent oR¥EUGLOGOMe Fret aVARYSI 2 Jafelil

”EtaVBE%ﬂéﬁe’aﬁggk%g’a”?éé%ﬁ@adﬁlébaHaQﬁQhéﬂ%ork structure

oxytrichlorfde vanadi um tri oxi de V203
vanadbanmesxedsyvaa faamadlﬂtnrbb@sultlae eraact/iosiy of the

vanadi u acet yl acet
vanadft %E t%Fang%ﬁﬁ e Q?Cféxéiéﬁiﬁgaéﬁégéégg)ZEtc r and the
vanadipgbiift V\%hbertﬂe YEd3n1@hesDhesh syanpsiond | gbdile above

acid, etc. en a pentaval ent vanadi um conpound i s
15used, P&Odbﬂboahdwaéﬁtafﬁéﬁhﬁy }eekR1%RSt he val ence to

tetraval en tt9§1§r9f¥ Legt v & R4 92Nh&t £PTPE UWbGhpound (C)

havi ng at Téas unctlon roup selected from
t he gtouﬁatﬁﬂﬁgsalhgvaienhydramqtegm@mmﬁllgax@@nywhen the
groups, ., car box grou rimary, second r¥eOlon

tert|§?§aéﬁ?ﬁoxﬁ?obﬁs S%ﬁig%n r o otibsT oo ghbr T 2T o Ce ion,

gr oupgL@nda PHOJRELAI E'hé"cméltﬁlpil@scoﬁ@o@:@@ gtpoibea colloidal
used. These netallic conmpounds (C) can be used al one

200r i ndispepsbidalsoexeluded) oinkeprihe aqueous metal surface-
treating agent of the invention (Embodiment 1 and

Embodiment 2), and, thereby, the correosion resistance of
a metallic material treated with the aqueous metal
surface-treating agent of the invention increases. It is
25 preferred that the bivalent ox meore metallic ion is at
least one selected from Ti, Zr, Hf, V, Mg, Mn, Zn, W, Mo,
Al, Ni, Co and Ca ions. As the compound (C) containing a
bivalent or more metallic ion, there can be mentioned
salts of such metals with inorganic acids such as fluoro
30 acids, phosphoric acid, nitric acid and sulfuxic acid;
salts of such metals with organic acids such as formic
acid, acetic acid, butyric acid, oxalic acid, succinic

acid, lactic acid, L-ascorbic acid, tartaric acid, citric




These netallic ions are considered to have an effect

to increase corrosion resistance by control of the 25
corrosion potential of the netal surface and contro

of oxidation reduction reaction 1A a corrosive
environnent, formation of a very thin coat on the

nmet al fage. r o] enS| due i

cr ossl TRy notrnatPELRER, hal O PEhAT Phatdie foid anc
coat pbhbhahént scids ccoﬁplé"hesabﬁpouﬂdsm ammls Q=fuctl’neas

netallhg coggou nd ﬁc% referam
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of th&mﬂﬂéﬂéhl§n§0§9@élf@té§)tﬁ@ré$‘ﬁ CERt et 1§ as V ion-
derlved fron1the functional group (a) in a 13 coat

Sobt ai AEBt#+BMAY HEOBRRERE, fgiere sif e eartauiny limitation,
agent Qﬁﬂu{

pr ef e?%%%ﬁ%% hg%%?rpojg?{%&lnjgﬁé%uﬁatnt tt{]‘:ger[%{slsde V20s.
rati orebavanedid. deid @, Wheonidu Setivahesstehasodium

et aTHES IR (Red S oot At o, Y9 Qg s vanadium

COr I OsE Dk 185 1 BI03NCRahSdi Rt di 621 gased,, WiRi=R8%m Wi§ulfate
(O/Si _is nore than 10.0, the effect of conpoundi ng

100f " ¢ h‘éo%t:amamédé@mp@waceeyla§etﬁaateu?fpr6@¢ (=CHz) CH2COCH3) 2,
i ncr 0
preferre to co J}% E%atdq%ﬂa%s?m ac:lzgekfsa&is’éljé ?alaadlum

fr omﬂnddrl’dfdmmie FCHai, dphosghnrusaanddomaﬂybﬁhosahbd; cetc.
aci d nto the uequs netal surface- t“H%nlng of
the i Nte YADR f-Sopse an& compound
t her &J&st.alm ct@r MeIvinge $he! #adence iteckersadaldnt to
Hydrof | ugric acid increases corrosion resistance by

13 et chitig ademdc it ampcrﬁéni@h@pappﬁ@dabaweng etgiprst one
ac'd%dﬁ %Baﬁth%%%gl %Etggt EOEQE& C§§OQ§D§BB§1§E§¥9 of

are acl avi n I ve ["OW aci

but h@mmwayangmempwerpatbbnymxgdeupeat&aﬂbokpe guohipee
20 and,thus increase corrosion,resistance. Phosphori,c
aC|dPrFEPﬁgfpﬁ&§8ﬂ§?§yc8ﬁv§?§F6ﬁr¥o§F§“8ngﬁﬁﬂaﬁ' amide

surf geeeped! bRedgRothe Eghﬁk §§§p$saﬁ8ré% onﬁEdac1d groups

i ncréases corrosion resista he co |ng
20 anpupenotlenebacizdedD) is preferably

These metallic compounds (C) can be used alone or in

a combination of two or more.
These metallic ions are considered to have an effect

to increase corrosion resistance by control of the

25 corrosion potential of the metal surface and control of
oxidation reduction reaction in a corrosive environment,
formation of a very thin coat on the metal surface,
increase of the coat density due to cresslinking reaction
with functional groups in the coat components, etc.

30 The compounding amount of the metallic compound (C)
is preferably such a compounding amount that the mass
ratio of the content of the metallic compound (C) to the

content of Si derived from the functional group (a) in a




25 such a conpoundi ng anount that the mass ratio of
the content of the acid (D) to the content of S
derived from the functional group (a) in a coat
obtai ned fromthe aqueous netat Burface-treating
agent, (D)/Si, beconmes 0.01 to 10.0, and further

prefe y c L N t g .

Fat | o becenesatnda B Rt e BN L Wil tdiz Hisating

0. 01, aghptef (€Ll Stlucbeconde 0 cohpoundd (1) and Maadtiat

(D) is.n di spl ayed, and thus,. corrosign resistance .
s nobrFherealle N Ghe cAeming ARG TRY gl Hass ratio
than B@cOmeei 0 hertetShi ng wisedrade) /Sxcassiasd etand 0,01, the
corrosi.gn resistance is |owered, or the effect of
SconpothEfFly dretke the cemounding 9l rtheemetiaddden sgapound

and t c i 'fﬁ@gyni . o : r ]
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substueteincreadmipolite fast wheast (ANfS1i dlsemente than 10.0,
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aqueotie n%f%l’c% 5 & dét_l[??lgﬁr% °afgéﬁ{ee &e%t#gﬁcnfé’ﬁrﬁo&?d (C) is
( Enbaghtrefir thandidadtid®ntand) thEhesseCdd gictalecthomical.
particles have a concentration gradient in the state

106f  gistriButipPrisfaretda copons @dndesctacde aeid (D)

the e S 9 Hyd A 1TRIAlc JUTACR ARG Bfid

met al surfacg, and 't hus, corrosion resi'stance is ‘
hei gtersmhoriuradiat riorte, tthee agpidoisd zietpdr sigifese-treating

i ncrease .th nsi;ty 15 .of t coat and.,r educ he, .
Coar G THE fpbent o | GRpbeinet 1050 BrbigGigent 2),
hei gmme%hea’fébai,wt‘ﬂéercoﬁfcfsﬁ%ﬁﬁ re@fi staheecerenhcdlased.

the hardness and/or adhesion of the coat, etc. are

15 br ouditdrafdmor ith @ cdehidersiang SareFrosdont Kesdstpdicgaby

20 rati gnge

o . _ f ‘ t |
oo THAe EREonr, nd PSRy YraahiRe aERIAL' (Proanto
the emlilds dl neitsperongly EEch methe samtentsobeSause they

derived from the functiongl  grqup.(a) in .a,coat ,
obt 1418 LG PR LRG0 GE IALISE LY APARELAL L Fgna acids,
agentut( Eeimdve RACYERS vRrYlthdnlBx9deaB8a8s bH' LR8I surface
preferabléﬁéuch a conpoundi ng anount that the mass

s ipcrepges corrppenn( EppdetaBceessPhpaphoric acid
forms phosphate conversion coats on metal suxrfaces
although the thickness is very thin, and increases
corrosion resistance.

The compounding amount of the acid (D) is preferably

25 such a compounding amount that the mass ratioc of the

30

content of the acid (D) to the content of Si derived from
the functional group (a) in a coat obtained from the
aqueous metal surface-treating agent, (D)/Si, becomes
0.01 to 10.0, and further preferably such a compounding
amount that the mass ratio becomes 0.1 to 5,.0. When

(D) /81 is less than 0.01, the effect due to the
compounding of the acid (D) is not displayed, and thus

corrosion resistance is not increased. Whereas, when




0.01, the effect due to the conpoundi ng of the
colloidal dispersion (E) is not displayed. Wereas,
when (E)/Si is nore than 10.0, the coat is
enbrittled, and thus, 30 corrostokdresistance and
adhesion are lowered. It is possible to compound a

surfagbapsicak! fdxa tHRAtBDIH] t&ﬁ&@@f@éé}@iﬁf% RAd&

thickener in order to form ah even coat on
sur f ag&cessheedpaand, Cahrqsloeleeﬁi$tﬂnce is lowered, or the
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enhancenen st gn pro |es an au iary age
for ebhhanessedtand tnatcxepfiurﬁﬂuIedonomﬂdalJnto t he
aqueous nef al surfa ating agent of the inventjon
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fan|c | ubri cant such as pol yet wax or
par af ¢l emengxselecord dixamriicardx,sith &n,griphidee,and Nb into
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t o conpound a conpound ‘havi ng
| east (Emtmdlmmtt maéncgrmu:mrﬂﬁdeem ezd f r Amdsee cdneii@al

conS|st|ng | east one unsat.urated group, selected
10¢r omRFR a’t%‘FF’su%ﬁ"Hﬁ’ed? ré-fé"g‘r&?ﬁéﬂ igthgstate of

C=C gj%b&f&rﬂfi@ﬂﬁﬁxe G 10T D rN NI 130 the
N-N groups; and S el enent-containing functional

grOuﬁselgT&mh@cbaﬁadmﬁj nisdialg seaifase é:w Prgisics the metal
gent e sk i RS S SRRt gt ened.

2) , iPumthemdre,f wHehesol leikianc aedicdis0A nceaskatte. density
As conpqunds haV|ng such a 20 functional group, there

15 can Fh6 iSoRdd and mesiice Lhe caty &bigkagsison andz-othus,
Iy | d d
gr ouRs( “e@%é%hd“ g&gr;]lgsm%e allg,eﬁe gﬁlt%&ea By %ar%ﬂe!& effects

as formal ace Ket ohes such
acet@ﬁbe@h@nwemhwt stthyhe hetdnesseaodfoﬁ-édhe31on of the

grou nt ai_ni n oun ch,as 25 benzene and its
der|§§%$ ?tcna ﬁFh§F8H§ §n8E|P§ derivatives, acrylic
acid and mtahaempbuﬁdaﬁgdamadnthefrtndebbmbwei dispersion

al kyl carboxylic ester and al kyl al dehydes; C=C
20 gr ougEdoABaPRRA§rabAyoSHEE 3usRTReURdRNY| ameuntcbhat the mass

ratio of the solid content of the colloidal dispersion
(E) to the content of Si derived from the functional
group (a) in a coat obtained from the aqueous metal
surface-treating agent, (E)/Si, becomes 0,01 to 10.0, and’
25 further preferably such a compounding amount that the
mass ratio becomes 0.1 to 5.0. When (E)/Si is less than
0.01, the effect due to the compounding of the colloidal
dispersion (E) is not displayed. Whereas, when (E)/Si is
mere than 10,0, the coat is embrittled, and thus,
30 corrosion resistance and adhesion are lowered.
It is possible to compound a surfactant called a
wettability-enhancing agent or a thickener in order to

form an even coat on the surface to be coated, an



and acetyl ene derivatives; C=N group-containing
conpounds 30 such as azines, triazines, osazone dyes,
tri phenyl met hane dyes, chnidin, pyrimdine, pyrazole,
i m dazol e, pyridinium conpounds abd-qui nol i ni um
conmpounds; CaN group-containing conpounds such as
ethyI 0 ai

oo ags Eash SBekOniust RoehBh L AURRSERE™, f Phloring pigment
der|v&bmveahaNengnnupfcaebagﬁipgopeﬁﬂreupdSnsauhthary agent
azo d S, el enent -cont ai nin s such as
STt oY SBhABCOBANFoRG: GEAtLRsT SATRESLI Lty n: St oaiBi the
cycl i aqiBbayr fidtatt §urf$§eﬂﬁlHSQH§n&E£§ént of the invention
surface- treatlng agent of the invention (Enbodinent 1

)
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invention is applied, but zinc-containing
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t hese ne It materi s may  previ ousTy | ected
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chromate treatpent or the like. There is
par ti TEH ST EFRNT TR e X9 LIRRHBDARSD Ap P (FHpups, C-C

iaﬂ\ljgg [ o‘%gont 0 thﬁ%?%ﬁﬁﬁfﬁn@?a [ gnylbgsri gld N=N groups;

15and aN-+Retdmolpsschamsd arelemme!r-e:crrg:ermih@l funcpirend Inggroups,
met hod a roll in d can be used r
ot oS Smpoind hithe BTG A (redg datBIter, tnto

(coatiKd)adnediies Hdk £ m&éiﬂmn{ (Lfaitd P tHe™invention
but, generally, treatment (coating) temmrMUrels

pr ef efEBubgdimenty UM Rnbadicenterd)  dontanspr monfunther

refer bly 0.1 to 10 second or a
P or v artiiee dof hdfor eiiande O 40 (IR naving such a
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the netallic nmaterial, a coat is forned.
limitative intention, C=0 group-containing compounds

including aldehydes such as formaldehyde and
acetaldehyde, ketones such as acetone and methyl ethyl
ketone, etc.; C=C group-containing compounds such as

25 benzene and its derivatives, naphthalene and its
derivatives, acrylic acid and methacrylic acid and their
derivatives, alkyl carboxylic ester and alkylaldehydes:;
C=C group-containing compounds such as acetylene alcohol
and acetylene derivatives; C=N group-containing compounds

30 such as azines, triazines, osazone dyes, triphenylmethane
dyes, chnidin, pyrimidine, pyrazole, imidazole,
pyridinium compounds and quinolinium compounds; C=N

group-containing compounds such as ethylene cyanohydrin;



10 pai niThe raowstgad &
r esi

For

industrially practical formation of a coat, it is

preferred to heat drying the |layer of the treating
liquid. In the occasion, drying tenperature is - 17
preferably 30 to 300C, further presefably 40 to 250C

and

not

still further preferably 60 to 200C, as a

ot par 1 SEr PO g e UL 4y ke s

condi d:ompbmﬁds e rigtied e cﬁen‘ﬁea:&‘tezﬁbé);y N=e qfegi-ddhtaining

net .
t he
not
but

When t ueous netal  surface- treatln agent, of
A RS e R A A A T

obiiporEde! $ @i LOTHOSFHN & A AN GR 1T AUES IRM) Famides,
al so such heat resistance, meldablllty,

5cont|?ﬁkﬁﬁ#%ﬁwﬂ&ﬁnQYQ%ﬂtihmﬂﬁﬁﬂaﬁnﬁﬁQ} conduct|V|ty as

an i norganjyg, gaocgj &@J%ﬁyal Nag.cand t%%lllfﬂdq%?&% W& the

resi stance ‘an

esion as an organi-c

usual iryveretsi orc afEntes diomemead 10 ranidh Emtidhi e Qf) as applied onto
metallic rratferlal The rtéa_ ons, are syrm sed

fol | dvike IHK

39 9nFets M ST é'aldbyirg-@:@hW}gh heating

SUr mse. £cAne Qatcdadr A tha %thtf'&%eaqﬂfe%%% HRtallic material.
surface- treating ag@rt of the invention conprises

Iqo@dn cdoiipeustr fRicesof Eber metedlic

par 1 PE GRS B read, 0P By BYE Y nd RGPS ot sin.

organi c smhem@n130nmoppmmnéuﬂarcaﬁmémhmabadabytdrmenglllc

etc

and

ves of orgapic.silic

th I h
o BT, Whishy ERe” PFGRRRE St hendBYEnEoap, 18

a@Bl@@@l}p%uftO"zEH& B¥ntRYdLA yﬁb%agf-p@atbdogtbai sheets,

organic silicon conpound form Si-O M bonds (M

> net aPlv@isuansheess endt Bsadnieasestpedsshhetanacei preferred.
to b 0 t et al face Fur t her nor e

| hat ThERLERh UL Be! RRCRE! Rer 21118 Rare PRI SRR BrePlously

get sbposabhketed wBka Ebetg@atmbhtnsaaﬁ a@SphaspRatbt,

el ectric conductjvity

econes good. Further, it is

surnF§§étWﬁ§FraCESQWaFBrﬁ§GEE§Pﬁ5 prethgolikaeouThere is no

si |

neta%a§95&a§s 1§ﬂ£tggiaﬁeag 25 £2§e£938”£60§R€f§ the aqueous

on as a Dbase as to iIts ructure

20 arr amgbadnsuofasettreat bngaagenthat nshe sinegut honaonto the

25

30

t he

surface of a metallic material, and a method such as an
immexrsing method, a spraying method or a roll coating
method can be used. There is no particular limitatien
either as to treatment (coating) temperature and

treatment (coating) time, but, generally, treatment

(coating) temperature is preferably 10 to 40°C and
treatment (coating) time is preferably 0.1 to 10 seconds.
By evaporating the solvent, namely water or the
alcohol from the layer of the treating liquid formed on
the surface of the metallic material, a coat is formed.
For industrially practical formation of a coat, it is

preferred to heat drying the layer of the treating

liquid. In the occasion, drying temperature is
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organic chain is relatively short, and thus, silicon -
18 containing parts and organic parts, nanely,
i norgani ¢ substances and organi c substances are
arranged regularly and densely-iinvery mnute areas
in the coat, and, therefore, formation of a novel
coat having t oget her such 5 heat resistance

ab2¥

wel daBFPE§! t PRuBBs3QR Geatiusthpramye torakly; 40 to 250°C and

condugti yit n ipnorgani £ cpat, usyally has and

such %%%g%r%??ﬁ?g?egfgfgﬁggf%n b%ﬁﬁ#ﬁgﬁ%egﬁoﬁ Lempgrature

or gankeached bguehéyshest, hasd sy o5 si e 14 mdthigarticularly
connection, it is ascertained through analysis that,

i n 10limtted| s olerg s e @hrire conditHor: st tempapature

i%é%%% %%q&gpe bonds. Exanples The

invention Is eC|§ scribed bel ow according
to exanpl déheri the agqwenis aetsd ofeareattineatlifhg agent of the

exanp ut. the invention is not limted ther

Pr epa#lg‘??%ﬁl%q Jtsgs‘fses el é‘,‘mre%aﬁp?aefs l?nv&ngor’f&?reg?ﬁye\?e'm)t only
exanpéesel batk Eaaessiesn ofesaidmal i dldhsisifeagebut also
treatingagents for metallic materials are described

bel ovFU9D Map distiTange ssldahddisy ( ponpngoug yorkability
g@%ﬁ%ﬁ%d@%&%sually

used. El ectrogal vani ze sheet E%): sheet

t hi ckragss and) sfiaim£igatergiizndt irers imtamee and0padnt adhesion
(g/mgs 5% al um,num cqnt ai ni Ita1zic-@ate th

st eel®SIFELCTEEHLC P8t WACRAe I8 5= 5?@%?\ SEREAn G =he

amudurtaHY YF EOnt)alldid aaitiedhell .al Toy- Peakedssheel surmised
sheet (Zn/Ni): 30 sheet thickness = 0.8 mm plating
amour® £oA3/003 (ke thendinvgng ispndspnatedindéed bestich

(o1 b Pt | I A el BThgPLg B8R gFas sustace-

sheettreatdng agent of the invention comprises mainly the
organic silicon compound. First, corrosion resistance is
surmised to be displayed by remarkable barrier effect
brought about by that when part of the organic silicon
compound is concentrated by drying, etc., the molecules
themselves of organic siliceon compound mutually react té
form, a continuous coat, and -OR groups formed by
hydrolysis of part of the organic silicon compound form
Si-0-M bonds (M: metallic element(s) on the surface of
the material to be coated) with the metal surface.
Furthermore, by that formation of a dense coat becomes
possible, it gets possible to make the coat thin and, as
a result, electric conductivity becomes good.

Further, it is surmised that a coat formed using the
aqueous metal surface-treating agent of the invention has
silicon as a base, and as to its structure, the
arrangement of silicon-organic chainsg is regular and the

organic chain is relatively short, and thus, silicon-
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(&): sheet thickness - 0.8 mm plating anount =

90/90 (g/m2) Alloyed (Zn-Fe) Hot-dip zinc-plated

steel sheet (GA): sheet thickness = 0.8 nm plating 5

amount = 60/60 (g/n2) A-1100 atuh®nom sheet (AL):

sheet thickness = 0.8 mm (2) Degreasing treatnent A

mat er |  SBY e d ] S I, NQs ;

11 corararRARD BAgLECahE ot Bhnge BALLEY ety S drganic

(r egi substanceadendackganbdesbyshihonas Farkeaizamged regularly

Co., Ltd. nder. the._condition of concentr.ation 20 g/
o+ SR B REEY ARV ERO i aRe R rSRR FA B (Gt hd
secondrepefode| efornatidheor esuhdvay CBIErharin@sScatf@ther such
15 as, a %:st sheet. Enbodinment 1 Preparation of L
aqueofl€? F3F1§E?Fﬁee-v%‘é%1?h’gwag%?&§1,nwi‘E%‘EK%ﬂfﬂo’ftY and
the ageaterPBl LohStt $HLEY Sadth HItPnid&EEN usually has,

(exanpl es), and preparati‘on of aqueous 20 net al
sur f agedt peahi Ainageprint oresbsrnds omd appintc sadhgsion as an

of th S o] sheet s .and_drvi ng ther eof .
(corrp‘g]r:g |£<t“é %é)gaérp?éé@%igbo %’silﬁ%oﬁnefé pl‘(?\%s#glles' ofIn this
tri me¢dxyction psit ane adckdtamledft ¥ pugh analysis that, in
trinetq%lol ropane were reacted in ethanol, the

resul t% gSlJSJr CEORA RN RME Sridle dERG 1995 ur @Rkt 808 of

and tiife ¥R MR d UMHE FrddAl the solid

content becane 10% As to the product, the nunber of
the functiE¢ampleg oups (a) is 2, and the nol ecul ar

wei ght per,.0ne, fauncti.onal  _gr.qup. k)., i s ahaqut 0.
<Conposi t i%l}]@;%%v%ﬁréf slso?spw r%%%’tcﬂlﬁﬁ r%ff%%l%aeﬁjz%fﬁ@w

1 nmolaafordifld ass hastaniilied aife ey doweadiieth iahdideapairative
the 20 resulting product solution was mxed with pure

wat ereXaPl ase Biftithee Myenidians den neg dial tede thGneRy-
cont eile NECAMon of test sheets, examples and comparative

examples, and processes of application of surface~

treating agents for metallic materials are described
below.

Preparation of test sheets

(1} Materials for tests
‘ The following materials on the market were
used.

Electrogalﬁanized steel sheet (EG): sheet

-

thickness = 0.8 mm, galvanization amount = 20/20 (g/m®)
5% aluminum-containing molten zinc-plated
steel sheet (GF): sheet thickness = 0.8 mm, plating
amount = 90/90 (g/m?)
+ Zinc-nickel alloy-plated steel sheet (Zn/Ni}:

il

sheet thickness = 0.8 mm, plating amount = 20/20 (g/m?)
+ Hot-dip zinc-plated steel sheet (GI): sheet
thickness = 0.8 mm, plating amount = 90/90 {g/m?)

* Hot=dip 55% zinc alloy-plated steel sheet



10% As to the product, the nunber of the functiona
groups (a) is 2, and the nol ecul ar wei ght per one 5
functional group (b) is about 320. <Conposition C
Two nol e of 3-glycidoxypropyl tri-n@@hexysilane and 1
mol of 3-am nopropyltriethoxysilane were reacted in
ethan |~ st.he I radugt 58 I xed with
u?‘gL tersrh%% ttk@%#}ﬂx gre \(/\]/ag l!aﬂgl g%gﬁs that the
solldammwmment9@é§@wﬁgfﬁ@@ As to the product, the

ol ocul ar_ vei gt BaoVaRe (FORER) HAF-H7BLALERT P efeggotec

<Conpesickitoncay : 15 sheetmheckhebs(am naeﬁayl pidting
an1nopropy|tr|nethoxy5|lgne and 1 nol of 3-

3 socy aReusEr Gp oY PONEEHBXYsi | ane wer e reacted in

et hanol, the resgl S on S

with pure water & ghﬂﬁegiaﬂ ﬁp@ %ggé%dfﬁﬂ?ednéﬁgt

t he smhudknesseﬁtoze lmcanme 10% As to the product,

t he nunber 5 B functi opal rougs (a) is 2, and the

mol ecul ar ght®BEF2SHR8 FHRREMBAAl group (b) is

about 800. <Conpoghtb@PaE>wE8UEpHR Stﬁéated for 2 minutes

3-mer capt opr opyl tri met hoxysilane, 25 4 nols of
102 ( 3, ysépexpcHilopaks %kh%«ineuﬂegh@%%mamenﬁnd‘r“nne Cleaner

mol o [ wer

et hand? 6 REayLSLPESA Chade Mo il FadE) bdh parkerizing

pur e GaterLadd)thﬁdarxtheecuﬂdlaﬂpmsaedccmcéﬁtwaﬁimn 20 g/L

solid content becane 10% As to the product, the

nunbeandf temeeBALALACEY Bhalvastmbhsiitd) nure vakes dies

nol ecyha f t

about 0. ool POE AR R B g Hatéirial was used
153- gIyﬁsd@xyéﬁﬂpshéétnethoxysiIane and - 21 1 nol of

et hyl enedi am ne_were reacted in ethanol, the

resul ti ng Preedimert | Lition was mxed with pure water

and the nbfégﬁ%%a@f%g% 59 ﬁ@@éltﬁfﬂéfﬁmat#ng
content b

t he fagettonadpplication of the agents onto test sheets and

drying thereof (examples), and preparation of agqueous

20 metal surface-treating agents for comparison, application

of the agents onto test sheets and drying thereof

(comparative examples)

<Composition A>
Two mols of trimethoxychlorosilane and 1 mol of
25 trimethylolpropane were reacted in ethanol, the resulting
product solution was mixed with pure water and the
mixture was adjusted so that the solid content became
10%. As to the product, the number of the functional
groups (a) is 2, and the molecular welght per one
30 functional group (b) is about 530.
<Composition B>
Two mols of vinyltrimethoxysilane and 1 mel of

sulfoethyl acrylate were reacted in ethanol, the



5 groups (a) is 4, and the nol ecul ar wei ght per one
functional group (b) is about 500. <Conposition G
Three nol s of 3-am nopropyltriethoxysilane and 1 nol
of trimethyl ol propane pol ygl yci€y20 et her were reacted
in 10 ethanol, the resulting product solution was

e B D PHESO BLRE: SO AOECIT 4T 588 IS Shcer ano
t he nthbemirtutdewas uadjustad v otipst (e isoX3id arvhittdra became

Tglic h%osfﬁ%gﬂé %%éygﬁ%ﬁ%$20tlona éfnga(égelfhnctlonal

3-nerg E@ﬁg@f@ﬁ%ﬂiélﬁté‘:@dy@hé aStedul®¥ Wight . per one
pentagrythrito ponegC|dyI ether and 1 no

2- am Fepebpemal ngorunetle) reacakent Baf.hanol, the

resul ting thon was m xed with pure water

and 20 thé8%1 Lé%éﬁgﬁ(gdjusted so that the solid

cont ent benamenoﬂébe/Brgly¢iubxypxhpyltﬂﬂmeuhﬂﬂyslMﬂhe and

the functjonal roups (a)..is 7 and the nol ecu
wei gt et Ohed - TR LG AP P §18he srpe reacted in
Met al éﬂi?a Y Adu A0 e ‘p e %l@ﬁi&ﬂﬂlvﬁéﬁ%lldced with

c2: Tltanlun1aIkOX|de C3: Fbxafluor02|rcon|c acid :
10 Ao P Matewnand driso it unss: W%Muﬁ%mut@a&rﬂ@e solid

ﬁgd%gem& %ﬁégﬁzb nc acet%\ a?ér%gﬁ]?t & OF number of the

Ammrﬁunntme:tr&thrc_gsdmﬁ (a)2-isCH): adhphieumaleloylidat ereight per
ci: num r.o hos hate 12: N ckel nitrate

C13: ‘t&?ogﬁl”c ‘%ﬁjﬂg’ﬁ]eggl‘?p )cd® Wi trate C15:

Ca|C'U”1hﬁﬁkﬁ&ﬁﬁﬁhﬁ§9PQkﬁ

15 Two mole of N-(aminoethyl)-3-

un

aminopropyltrimethoxysilane and 1 mol of 3-
isocyanatopropyltrimethoxysilane were reacted in ethanol,
the resulting product solution was mixed with pure water
and the mixture was adjusted so that the solid content

20 became 10%. As to the product, the number of the
functional groups (a) is 2, and the molecular weight per
one functional group (b) is about 800,

<Composition E>
Four mols of 3-mercaptopropyltrimethoxysilane,

25 4 mols of 2-(3,d4-epoxycyclohexyl)ethyltrimethoxysilane
and 1 mol of dimethylolpropionic acid were reacted in
ethanol, the resulting product sclution was mixed with
pure water and the mixture was adjusted so that the solid
content became 10%. As to the product, the number of the

30 functional groups (a) is 4, and the molecular weight per
one functional group (b) is about 1,200.

<Composition F>
Four mols of 3-glycidoxypropyltrimethoxysilane and




An above conpound (C), and an acid (D) and a

coll oidal dispersion (E) shown in Tables 1 to 3 were
appropriately conpounded into one of the conpositions
A 10 to Hto prepare an aqueous-nlat surface-treating
agent as an exanple of Enbodinment 1 shown in Tables 1

to 3. . The treating agent adj ust a;SoLi th
conceﬁtFﬁﬁi8ﬁee%hygﬁﬁ%%ﬂFﬁ&%§tgg%gbggggggge%ﬁa%%ﬂ?gal' ®
ont o treukibacpreliuck kedutibaewaasmskednwinhTabreswater and
to 3 so that the 15 resylting dry coat, K anount,could

700 mihRpmixkHTr ¥AE 86 UPhE ?ﬂetﬁaﬁpsﬁataPilﬁeaeﬂgggt became
by theogheen cqyl ¢nlep88auke, tREMampeat of Conparahtvonal
exanple 1 A reactive chromate treatnment was pade onto

% tesgrop@ssHedt ishdwnand ¥hB| Belacudaroweightt Rer one
resul td [ rsed.i arative
treat%ﬁ@gggpﬁgﬁoﬁw%%PaR%Zdigbﬁbngsngan

y- gl yci doxygeapylstitimat Boxysi | ane and net hanol in

dei oni zed water so_.that the respecti .concentration
coul d be 13PsRRPoRds e TaraonsnoRs by iEei SEBER RkTanE End 2 mo
af ter 53 -3 LHBY LY o pobBH.! phokhl1yeiHel &Bhébaweibereacted in
tenpe?étufé rea?hgdpbybthe ghegP goulg be 80C to form

1& costhaGodpathei vesuihiipuepzoduecbnpatution vagamingd with
sol ution _obtained _hy l [ ; ;
uagxysrggygpg.tﬁghﬂi§§8 4! 8s ad%%§ged Fo F%at the solid

y- gI yE)I rime oxXysli | ane an ano
dei oniczadenst Becamet Hak .t hAsr espehei peodoatenthat iamger of the

could be 5.0% by mass and, 10% Qhy nass,. was |.i ed .
onto TUREtdEPRACETERPE t€§t1§hgetaﬂ ihﬁedmﬁggggi%ErWElght per

coat epnedfinzridnadl hedupo (bhatst Beot enperat ure
reachegeby tﬁe sﬁeetbcouFd Ee 80C to forma coat.

1%Conpar at i véCorpeplisignAHeonparative treating sol ution

obt ai ned by__5 dj Nure : . , lane,
car bonat e, SSHABNIAE Shodphat S-RhaPgaRibyf e thoxrysilane
acetyuaﬁgnoaatpehnaaagehrsﬁonhpblthpctegpeethee and 1 mol of

concentrations could be_2.0 g/L, 2.0 9g/L d 015 gAL
was appRMéBoBEPPanpEhigls HeESoFeacted 18pgkpanol, the

resulting product solution was mixed with pure water and
20 the mixture was adjusted so that the solid content became
10%. As to the product, the number of the functional
groups (a) is 7, and the molecular weight per one
functional group (b) is 1,500.
Metallic compound (C)
25 Cl: Hexafluoxotitanic acid
C2: Titanium alkoxide
€3: Hexafluorozircenic acid
C4: Ammonium zirconyl carbonate
C5: Hexafluorchafnic acid
30 Cé6: Vanadyl acetylacetonate
C7: magnesium hydrogenphosphate
C8: 2inc acetylacetonate

C9%: Ammonium metatungstate



using a No. 3 bar coater, and dried so that the 10
tenperature reached by the sheet could be 80C to form
a coat. Conparative exanple 4 A conparative treating
sol uti on obtained by dispersing 2h +ononmer resin, a
wat er sol uble 15 nultifunctional epoxy

gr oup- cont ai pi, ng, conpound_a anmoni um
ion-adsorb?%g'singggfﬁmw% ggbg%t?hat the respective
concentrat cobs cRULihemdhPdobdenfhdsghdtand 0.5 g/ L
was applie nto the surface of a test sheet using a
No. 3 bar gagterylﬁhﬁfd??ﬁﬁag% that the 20 tenperature

reached bycthe sBeghi€oyi€e-de=80C to forma coat.
Enbodi nent 2 Preparation of aqueous netal

Ssurface-treddingCengemtRiteplr i cati on of the agents

onto test é?g?tchfgiu£5%£é%é§éh§ﬁ§§§ﬁgtéexanples)’

and preparation of  aqueo surtace-treating
agent s f or Agoapeté sedmpaymipd i ()X, cind ain tdwel gDt sarahteo

Lot SUPELZaR e g, LRl o (SOBRML VS, AU ove

3- G yghIpsyPI QY1 { e AR OIS | Bl o of the compositions A
3- Ami nopropyl tri net hoxysi | ane A3: .
103- Mereapt obe pyepareeahxgendumdnetal surface-treating agent

3-1so t trd NS| - Ab:
pent o6y ooy SRERPYE | oF ERRIMRALE sndifh fiPTables 1 to 3.
Di pheTiyé metéatnindgli 4 gacty anad eadlistidd aro e s43id concentration
D net h Iol$r€£ionic acid 5 A9:
o)

N, N- 7% bt opyiR ditfotii4 hitfe S i PRIRsh it q Bhspfurtace of
N- (amd nagdhydned: afd NORIAPYH 4B id &&o BHat the
Di phenyl met hanedi am ne B3: Neopentyl gl ycol 2 i
15pol ygramudngtdey coak pmouty sttwlide e dddumg/m®, and dried so
that the temperature reached by the sheet could be 80°C to
form a coat.
Comparative ezample 1
A reactive chromate treatment was made onto a test
20 sheet shown in Tables 4 to 10, and the resulting sheet

was immersed in a comparative treating solution obtained

by dissolving y-glycidoxypropyltrimethoxysilane and
methanol in deionized water so that the respective
concentrations could be 12.0% by mass and 10.0% by mass,

25 and, after draining by a wringer roll, dried so that the

temperature reached by the sheet could be 80°C to form a
coat.
Comparative example 2
A comparative treating scolution obtained by
30 dissolving y-glycidoxypropyltrimethoxysilane and methancl
in deionized water so that the respective concentrations
could be 5.0% by mass and 10% by mass, was applied onto

the surface of a test sheet using a No. 3 bar coater, and



B4: dycerol B5: Diam noal kyl sul fonic acid B6:

a- gl ycerophosphoric acid Metallic conpound (C) 15 The

same as nentioned in Enbodi nent 1 An above organic

conmpound (A), an above organi c -caddpound (B), an above
metallic conpound (C), and an acid (D and a

col | ofdalydl,3perstopn LB 3HOY0e | P TALL&ndd ¥¢7he sheet could
appropriately conpoun O prepare an

aqueogg 888 NES af o ikl kgt r eat | ng agent as an exanpl e

of Enbodi nent 2 shown in Table 11. The treating agent

was adJusﬁempenahlgﬁlEdambhéeﬂtratlon of 10% w th

Ao DAt SRRbEaRERL! ef B0 oL ey S LA Sy tlsed 05

& esul Huegomryngoamaﬁnumt z2bconitd derFOtate,/ namemilim

dried so that the te erature ached by the sheet
coul dPBRSBBELEoATE, KARATE tace‘%isﬁi%?%\?% ee%&rﬁﬁ“ee’i $p that

react kMg Eééﬁaakfvérsaﬁa@ﬁira\aﬁoﬂad@o@mQa@ Z.G(Stg/L, 2.0 g/L
sheet, and the resulting sheet was imersed in

conpaRBdi Qe5t géht vag %BPh%?@nO%E?aFM%dF%@f%E%SQﬁv?rﬁFSt sheet
y- gl ¥§i§8x¥p§189y§tﬁ%g€{;$‘9ﬁé’§' | 208 @Pfedeidandt ithe
dei onr z€ € tespective concentrations

10coul dpbfipe2t Q% bye s8BSd A5¢ 4Re 0ShSYt NEGS1d dpel, 8GAY &0 foxm a
draining by a - 25 winger roll dried so that the

t enper@ftire reached by the sheet could be 80C to form
a coat. Co ' X conparative treating
sol ution g@@é%ﬁ%¥§v§5&%8§§ %vf%g y- egC|doxypropyIt
r|nethoxy3A|cbmpgraﬂﬂvaﬁtfﬁwtﬂnglsblhﬁxnn et ko
t hat the reifectlve concentratjons cou (1§bf@bby
mass GhEPLDIABY ARSLONIBET pFiRd HHBE e’f HE® Sce of
153 { €S PRLRindEl o f Qoxy PAbusaRiPialandy diesluid and an

that the tenperature reached by the sheet coul 10 be
80C tamfonimm toatadsorpbrat$iklexahplwaten so that the

conparaliyg L& LN 0L 1SS SR A% .0 g/1, 0.5 g/L and
0.5 g/L was applied onto the surface of a test sheet

using a No. 3 bar coater, and dried so that the

20 temperature reached by the sheet could be 80°C to form a

coat.

Embodiment 2
Preparation of aqueous metal surface-~treating

agents, application of the agents onto test sheets and

25 drying thereof (examples), and preparation of aqueous

metal surface-treating agents for comparison, application

of the agents onto test sheets and drying theresof

(comparative examples)

Organic compound (A)

30 Al: 3-Glycidoxypropyltrimethoxysilane
A2: 3-Aminopropyltrimethoxysilane
A3: 3-Mercaptopropyltrimethoxysilane
Ad: 3-Isocyanatopropyltrimethoxysilane



10

di ssol vi ng ammoni um zi rconi um car bonat e, anmmoni um
phosphat e and vanadyl acetyl acetonate in water so that
15 the respective concentrations could be 2.0 g/L, 2.0
g/L and 0.5 g/L was applied onto2é¢he surface of a
test sheet wusing a No. 3 bar coater, and dried so
that the npe b C be
80C to foriva ranrnBsyEREREL: Yol dFLo0esL “the:
conpar at i vaetr edtiphgngbhethane oii hsoegahyte di sper si ng
an i onomer Egsin, a water soluble nmultifunctiona
epoxy group’éont&tAPMBSconpound and an  amoni um

i on- adsor bppg sphméthyNoYBi8pisRiENa&idhe 25
respective_concentrations could be 4.0 g/L, 0.5 g/L
Sand 0.5 gPB:wal,NpPiieepbrpplepebedtimtde of a test
sheet usi . 0 r, and dried so that the
tenperaturgggggggeﬁ €8§%§ géget could be 80C to form
a coat. 3BlEvaNusambmogelsyl) { Boambmopoopinbotimerhodysilane
and Enbodigent 2 1). Corrosion_resistance at the

pl ane parth%?saP%gQ%?%§m?Egﬁn%ék§Wiﬁ%g to JI S Z-2371
was - 26 pafe fespdrfyhoylcoRnsolPel vbydyl herisdmt e
of incidence of ite rust was observed. <Eval uation
criteri on>PL¥PEYPEPLRNe AAHICE nci dence of white rust
5is less an 3% e whole area O = The proportion
of incideﬁ%ﬂ'oféiﬁ#%€§$ust is 3% or nore but |ess

t han 10% 0B85 t heDidvad moakleal £ B diiee ragbr ti on of

i nci dence of white rust is 10%or nore but |ess than

30% of t hePéhol & Fh¥eenPhesPRipraspbttion of

i nci dence ' % or nore of the whole
area (2) rtr%@rfoc‘ﬁ éﬁ%“%ﬂéﬂrﬁc at the wought part An

15Eri chsen tBsd Seand rassinentibmay iweEmbsaHmerend, t hen,

a saltspray §este A5 U % sV Shove organtc

compound {B), an above metallic compound (C), and an acid
(D) and a colloidal dispersion (E) shown in Table 1l were

appropriately compounded into water to prepare an agueous

20 metal surface-treating agent as an example of

25

30

Embodiment 2 shown in Table 11. The treating agent was
adjusted to a solid concentration of 10% with water, bar
coater applied onto the surface of a test sheet as shown
in Tables 12 to 18 so that the resulting dry coat amount
could be 700 mg/m?, and dried so that the temperature
reached by the sheet could be 80°C to form a coat.

Comparative example 1

A reactive chromate treatment was made onto a test
sheet, and the resulting sheet was immersed in a
comparative treating solution obtained by dissolving y-
glycidoxypropyltrimethoxysilane and methanol in deionized
water so that the respective concentrations could be
12.0% by mass and 10.0% by mass, and, after draining by a



15 made for 72 hours, and thereby, the state of

i nci dence of white rust was observed. <Eval uation
criterion> Qo = The proportion of incidence of white
rust is less than 10% of the whd% -area 20 0 = The
proportion of incidence of white rust is 10%or nore

bUt le;? éﬁce 0 %8 e TUS%M}S?a%: rec?ore"%}h IB:{O| g;téh%la by the

i Nt e
than &%@fcémwlmc@r ¢2 ¥ormlBecBa@portion of
i ncidence of white rust 25 is 30%or nore of the
whol e ar eLCqrpaEeicte iexammduct i vity The surface
i nsul ationr o § i,Ng
L devi ce ][l%rc? néﬁahﬁsllccﬁr xaeactqﬁ}gl r&%lu"ﬁ%q”%?&‘éi‘%%du%'w

asuring t e surrace | nsu

5resi aﬁmmfﬁv@w&&u@ fcbbgatemmeéhoxyérm@aﬁéeahal fethanol

15

20

25

30

resistance is less than 1 = The electric
resi skrarfsslamnl zed) 3@ tHT ey ethatzrhe m¢spessd vehsengepgrations

A = TS| 3E Y D B S Bl 18008 HaslO! GaclUbph 388 onto

t han 1C resist

nor e tie (siriks dfes Siemtcesl-ﬁette&tsmlgeet Neas Bhbatred:oalter, and

200C hours | an oven, and, then, subj ed

a saldr J-ﬁsf that the GeiRg Aty r §eazh2§7h?f Eﬁg Shedt could
ther e,.st o] i dence of mhlte rust was
obse?}\%gdnl; téE?él@m %I o'lﬁggrl terion> @ = The

proporti oCchiparatidenexamplehidte rust is |less than 3%

of the whole area Q = The praoportion of in f
white rust® ‘%°§‘P§<¥’oa&”ﬁoFéeﬁ‘&tlgﬁe%gflﬁéﬁnleg g ﬁeg

who! 18seA vi g0 ammbig ultf QE%EhQGmOEaEcBShQQBCeaﬁfnoﬁlfﬂhkte
rust is 10% 6r nore but |ess than 30% of the wh

ar ea PRospiiag ep pogo vernea yaf apﬁ@inéﬁ@!;ODﬁtﬁm-neWﬁﬁgF so that
the respective concentrations could be 2.0 ¢g/L, 2.0 g/L

and 0.5 g/L was applied onto the surface of a test sheet

using a No. 3 bar coater, and dried so that the

temperature reached by the sheet could be B0°C to form a
coat.

Comparative example 4

A comparative treating solution cobtained by
dispersing an ionomer resin, a water socluble
multifunctional epoxy group-containing compound and an
ammonium ion~adsorbing silica in water so that the
respective concentrations could be 4.0 g/L, 0.5 g/L and
0.5 g/L was applied onto the surface of a test sheet
using a No. 3 barx coater, and dried so that the
temperature reached by the sheet could be 80°C to form a
ceat.

Evaluation tests (Common to Embodiment 1 and

Embodiment 2)

(1) Corrosion resistance at the plane part

A salt spray test according to JIS-Z-2371 was



Is 30% or nore of the whole area (5) Fingerprint

resi stance 20 A test sheet was coated with a vaseline,
and the gain and |l oss of the L value (AL) between
before and after the coating was2fieasured by a col or
difference neter. <Evaluation criterion> 25 fl0 =

L
10 CRRdeNFO: 1200n0utk | Snld PrRECHY! CBYs1EES bFfncidence
is 2. @fowhdmeer@ﬁﬁ $habbbseyvad. A treati ng agent was

allowed to stand_in.a . ¢onstant tenﬁerature chanber of
40C, the stabil rByabpatfgn_csgterians g evaluated by

days which elap d
criterion> he?@gé SPHCFO Zcﬁ o%ﬁg%lééeﬁ% tl on Wlte rust

Hays aseleesdahanos%nbfetbatwhese atdan 120 days D =
Cel ation days are 60 days or nore but less than 90
days X = Gel ati 6% dabie @ronassiathaf emfda%ﬁ@cq@f white rust

Resul val e The, r

Lot s 5, Sp PRBEER HAt $85p cBhdnoie | SE TS Bold Grp

It is seen thatﬁhe'fﬂ@%iﬁcﬁ:%rtqgﬁmo?f q_fnc@éﬁsﬂ‘mse.e%flvﬁﬁte rust
56 in Tables 1 to 3 display corrosion resistance

equal 1gol@haorohoracbetr baes ethan ecef ithe whole area
conductivity an%%bea eS|stance equal, to or

10 han those of t n&”ﬁ%ﬂﬁ&ﬁﬁwqg:Whlte rust
reS|31§n§§%e€yaﬁo£% 5pa{ wﬁ ic systens, and

are extrenely sta e resu s of the tests as to
Enbodi nment (2) ar@orﬁ@s:tdsmvwesisﬂ'abcbeesaﬂﬂ:he) wihudght igsart

seen that the LLeating: SO0, OleRAMSD: 11 5d® il mace,
and, then, a salt spray test according to JIS-2-2371 was

15 made for 72 hours, and thereby, the state of incidence of
white rust was observed.

<Evaluation criterion>
© = The proportion of incidence of white rust
is less than 10% of the whole area
20 O = The proportion of incidence of white rust
is 10% or more but less than 20% of the whole area
A = The proportion of incidence of white rust
is 20% or more but less than 30% of the whole area
X = The proportion of incidence of white rust
25 is 30% or more of the whole area
(3) Electric conductivity
The surface insulation resistance of a coating
was measured using a device for measuring the surface

insulation resistance

30 <BEvaluation criterion>

© = The electric resistance is less than 1.0Q

(O = The electric resistance is 1.0Q or more



resi stance equal to that of the chromate, electrical
conductivity and heat resistance equal to or nore than
those of the inorganic system and fingerprint
resistance 25 equal to that of thé7organic systens,
and are extrenely stable. 29 Cy t11 NN.i to Oto

N NI to NI M | -4t7 MNoO
0 Héutnleséﬁl‘ﬁnmkan’Oogw (oLt
..~ H.o~1 oW Vipe éieé\l_fié: e%c.ls\{: dé NHXQoR & more
MMN-~- NOV-~r11 mri Om-NO1 CNV- ANMO
mNObMtnlwsylyh%rglom N LOIr) N mSM'dv'd~M
\Y .iblOU-rId-rId_OO-rIU
1 U t -rI O rD(-—dI‘hk elédt ricuwmesistrowe/ dio 3-0Q or more
uro.+ufd O robrorou . to OroUrl 0rd OOuroO
50 ~Uto Wid UEERD E8SEPEARC® r1 u Uu -rl1rl O U +i
U U+ ro U bedd 44 2birdifbl l.’*‘hours in
t t
(LHO Hrl M Eeker ?hg%i?'ﬁw“z DCUNOHO -
H O Nakll dven;4afdp thei, OsGbPeSRed 1t a GplD FPFaY ‘gest
00O OA>raCGC 1 Hrj.l ro A+ C -
| + C §5c0rding1%e \X/I&f‘%/‘%/gwiw 3PS Ehesebyr J'Efos%t‘%mgo%
f- 115!.:&!01@:1&900@ @hitdl PubtOwdd dbseSE@O Hro OO0 O
HOONI1,-~ ~aww 410 ab4-E4~ n"id in 0O OW s x X X
10k x x X X r| U<Evaluatlop crifer&P®4 .-1 NMLON a
010110 C Ny W41‘he proportion of incidence of white rust
is less than 3% of the whole area
O = The proportion of incidence of white rust
is 3% or more but less than 10% of the whole area
15 A = The proportion of incidence of white.rust
is 10% or more but less than 30% of the whole area
X = The proportion of incidence of white rust
is 30% or more of the whole area
(5) Fingerprint resistance
20 A test sheet was coated with a vaseline, and
the gain and loss of the L value (AL) between before and
after the coating was measured by a color difference
meter. _
<Evaluation criterion>
25 @ = AL 1s less than 0.5
O = AL is 0.5 or more but less than 1.0
A = AL is 1.0 or more but less than 2.0
X = AL is 2.0 or more
(6) Stability
30 A treating agent was allowed to stand in a

constant temperature chamber of 40°C, the stability of the
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= Gelation days are 50 days or more but less
than 120 days
A = Gelation days are 60 days or more but less
than 90 days |
X

Results of the evaluation tests

Gelation days are less than 60 days

The results of the tests as to Embodiment 1 are
shown in Tables 4 to 10. It is seen that the treating
agents of Examples 1 to 56 in Tables 1 to 3 display

~corrosion resistance equal tc that of the chromate,

electrical conductivity and heat resistance egqual to or
more than those of the inorganic system and fingerprint
resistance equal to that of the organic systems, and are
extremely stable.

The results of the tests as to Embodiment 2 are
shown in Tables 12 to 18, It is seen that the treating
agents of Examples 1 to 15 in Table 11 display corrosion
resistance equal to that of the chromate, electrical
conductivity and heat resistance equal tc or more than
those of the inorganic system and fingerprint resistance

equal to that of the organic systems, and are extremely

stable.
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Tabl e 4 Eval uati on of exanpl es -arB2 conparati ve

exanpl es of Enbodi rrent 1 Corrosion El ectric Heat

Fi nger - ﬁ%a i - ‘J’rSta Z‘?%{]Hd]gesc‘ei- sacn lrctsot,ﬁlg,ar}rgﬂk,e examples

I|ty e W% rt” ance
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Table 5 Evaluation of examples and comparative examples

of Embodiment 1

Corrosion Electric | Heat Finger- | Stabi-
resistance conduc~ | resist-|print lity
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Table 7 Evaluation of examples and comparative examples

of Embodiment 1
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Table © FEvaluation of examples and comparative examples

of Embodiment 1
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44 - CLAIMS 1. An aqueous netal ace-treating

agent wherein an organic silicééfégk%ound whi ch has,

in one nolecul ean 4¢Redls %@Dfsdﬂﬁéﬁ@aﬁr@@;d@ wherein
represented by the 5 formula -Si R R2R3 (wherein R1,

and R%nrw%%aefﬁtsw%@plfgpmﬁwybm& IRas i %a&%leculer

K Orho 8P Ror 8l o BV on i n@aﬁtré&ﬁge%er&f&i by the

themis an a oxy grou | east

5hydro£)d>1nhu1:af-tm:cm’iR5R I(\gi'remqmr(kﬁ ,s ean@dR frreqmesent mutually

cont A iesrE i 10N dretion cokorel) JiR s hydroxyl

gr oupgroussy haxy! tgrmm s i aiGd ryrElfeskyl group) and
,, sul fonic acid groups,

phosphonlc acid ﬁay
pol yoXy ?ﬁﬁ‘ér@% Ch"s"E&WdhC‘a W tGaRis ILaHP HEY Selected

nol e g Ten :
to 18H%%% IS conpoun&ﬁﬁg QHHE&i%ﬁﬂgaﬁéousﬁﬁﬁzfﬂah:EHBSE

103urfamttar:amblmg izydiite viharadi fonadn g;rcgm c{addnp@;mdw groups,
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25

30

(A hav functi onal u I)

COoNMpoUHC ‘%Bsal In rPgSa }ho%a%c%}(q aé:‘rl(():ﬁ p}s, %Qﬁ nflc acid
r eactggap ! hsdmxfw@dmajrowsqu@o(llwow@ir@tldmamains and
one hydrophlllc functional 20 group (II1) selected

fromﬁi‘}ﬂdjf%ﬂno'-@%u@éld( WS ol SFadT &t FitomPEfo e
cont & Al & d ) &P W ¥F 100 to 10,000, is compounded.

2. An aqueous metal surface-treating agent wherein
an organic compound (A) having a functional group (I),
and an organic compound (B) having a functional
group (II}) capable of reacting with the functional
group {I) and at least one hydrophilic functiocnal
group (III) selected from hydroxyl groups (which are
different from those containable in the following
functional groups (a)), primary, secondary and tertiary
aminc groups, quaternary ammonium groups, phosphoric acid
groups, phosphonic acid groups, sulfonic acid groups,
primary amido groups, secondary amido groups and
polyoxyethylene chains, all these groups and chains being
different from those included in the functional
groups (I) and/or the functional groups (II) are
compounded, and at least one of the organic compound ({(A)
and the orxganic compound (B) is an oxganic silane
compound having a functional group (a) represented by the
formula -SiR'R*R’ (wherein R!, R? and R® are as defined

above) .



functional groups (a)), primry, secondary and
tertiary am no groups, quaternary anmmoni um groups,
phosphoric acid groups, phosphonic acid groups,
sul fonic acid groups, 25 primry 4fi do groups,
secondary am do groups and pol yoxyet hyl ene chai ns,
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-Si RIR2R3 (wherein R1, R2 and are as defined
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t | aj s i h t : | . ,
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from hydroxyl groups 5 (which are different fr t hose
cont ai RGBVERRRSt HECUPncEFBREFY D SpePT gty i} froies,
gr oUpSct R¥EMBEYhIBAE gB6@YPs . LIBEEONGBGYP &) &fi g oytpsups,
mercapt o groups, isocyanato groups, carboxyl groups,
10net hyFaFbgRBLpgrouRet #hd Yiehhy/| Fe R oups, i nido
groups, anydo 9fQUPSyr£0c6H POIY ng' 9B%: A-Yidihg to any one
groups. 4. The surface-treafing agent according to any
one of claims 1 to 3 vhereim a metallic compound (©)
containipg.a, bivalent or nore netallic j.on (when the
mot al PPRERLALRG 4 B valgnt oxmteg neca i g (pigp the
i on, gétiieigagenWers 4Neidwf A lTL LOMPHE ({dnicdr @ Ce ion,
colloidal dispersoid is excluded) is conpounded. 5. ,
15The st agese reberagthedrttakle? drerpewndn{Chnks &fcolloidal

cl ai mp. . el i val e nmetallic
i on P@l%?é %é% %%eéékiég%éii#%cnnqéguéggdaﬁﬂ V, M,
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SU1 3L SBLANY 9T RS0 00 SO EAEAD for Sl ettt
compoibidl {£)at Ol ddr Cord a1 ited Fedn Vil fAOMHE, Vv, Mg, Mn,
20 Zn, W, Mo, Al, Ni, Co, Ce and Ca ions.

6. The surface-treating agent according to claim 4
or 5 wherein the mass ratio of the content of the
metallic compound (C) to the content of Si derived from
the functional group (a), in a coat obtained from the

25 surface-treating agent, (C)/Si, is 0.01 to 10.0.

7. The surface-treating agent according to any one
of claims 1 to 6 wherein a product formed by the reaction
cf the organic silicon compounds themselves or the
reaction of the organic compound (A) with the organic

30 compound (B) has at least one sioxane bond formed by
condensatlon of two or more functional groups (a).
8. The surface-treating agent according to any one

of claims 1 to 7 wherein at least one acid (D) selected




the functional group (a), in a coat obtained fromthe

25 surface-treating agent, (OQ/Si, is 0.01 to 10.0. 7.

The surface-treating agent according to any one of
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