1 SPECI FI CATI ON AQUEQUS SURFACE- TREATI NG AGENT FOR

METALLI C MATERI AL, SURFACE- TREATI NG PROCESS AND

SURFACE- TREATED METALLI C MATERI AL TECHNI CAL FI ELD

This invention relates to an aqueous surface treating

agent for netallic materials used taformon the

surfaces of sheet coils and nol di ngs nade of a netal a

coat having together not only efmtIlFIGATION 0Si ON

resi stance and adhesi on, but al so such heat

resi stance, weldability, continuous workability and

el ectric gOPALEL! BUR¥ALE-PREAPONGAREENPOROR UAHPALY.IC MATERIAL,

has, and such TJEr print Tesistance and pai nt

adhesi on as an YREATE- TREATING uBROGEPS AN SURFACE - TREATED
surface-treating process? an, f t ed
netallic material. Mre spec Fgégﬁgg,ﬁgiﬁkigﬁnventlon

rel ates to ammguEaQay, rHigee-treati ng agent for
nmetallic materials used to form on nol ded and/ or

wr ought &rl@d&éwrst&aﬁl é?lc?é?re“-bc?d? & aguenist s iage s,

bui | dirpg B %%%ta ﬂxﬂé éjused to f?rm on the
appl i ances; c¢ast” products; eet col etc.
Zi nc- sumfacasngfwsh&btpb@ud® amQEMQﬂdmﬂgﬁ maﬁeebf a metal a

sheets a al um num. cont ai ni ng net al | naterlals

d
a co&P? %FﬂéngbéaﬂﬁﬁthNHQﬁﬂ (ﬁﬁq%%ﬁ oI TR on

resi siap¢8randeadh8shahesieh, als® SUE RN heat resistance,
resistance, weldabilityr cont i nuous wor kabi Iity and

el ect WeddabaAdbay i viony imsicus iwearkgedi Il oo andi il dtyric
has, éBHd%%E VJj:I n%%r %rnl qtnc{r%ﬁﬁa{%%]and Lpaally has, and such

adhe3|on as - an’'s gani ¢~ coa

sur f a€éngeeptrii ng &é@q%&n@w ahd &p&ﬁrﬁc%dﬂéﬁi[cﬁd as an organic
metal lic material. BACKGROUND ART As techniques to
f or m §O8batiSERLAY] BAS i R AWFEACHT LHeRL NG RFIRSSvfand a

met al f,ceqREekbALg el W G- ddEerid SME&@ngec1f1cally,

corrosion resistance, Tingerp r|ﬁ$€re5|stance
t her ethaseigeeatdbhy redatdenen am piqueEesss tsnffiroe atreating

agent for metallic materials used to form, on

molded and/or wrought 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 usually 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 procegs_to forma coat by
treatment only wth a silane coupling agent; a
process to forma coat of an organic resin; etc., and
t hese PFIEER OB IR Repigfanss c dingsepriditisesistance,
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crossFin I'mg agent’in order to gain a tenporary

10anti corrosAyeaetéenhiqhé msifligchosed sRainbh&anic gomponent,
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crosslinkin%§agent frosslink§ t he o;ganlc function
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conpl ex fluorides. As a technique using an or

resi Fekting direatina imu chdire duspsoes icuy rmopdn fmssistance
st eelgd .SCl ~ 3 in JP-A-2001-353750 which
containsiggf§§§g€§%viﬁﬁss_of a water-dispersed resin,

0.1 to 20%sby reehndiquel admlyading &S ANGNE Cbu ing agent,
20@6b¥tnas of an,orgﬁnlc titanate “compound,

r espét F@e%ﬁ“ﬁ?talgo SeB5ai2i9%8n 599 46l itdeat a metallic sheet

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
group-containing silane to form a dense sioxane coat.

A process is 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
moieties and a compound selected from organic acids,
phosphoric acid and complex fluorides.

As a technique using an organic resin coat, a one

pack-type aqueous 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 suitablg Lor application
onto steels such as zinc-containing netal -coated

steel s a n fe steels. There are disclaosed in

I e 3003 SIS R PR O Sarsr S 0o Rediss of a
st eel walteal-dxpRIdRY ddBin)0l.QNIts VY &3 YAss of silica

resi stance but al so fingerprint resistance,
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one 2Q@eghikbaBAce)URLikAdiageBY stGhcBaVpA9ne 8RReLibA and coat
reactive functional group and a specific acid
conpodfBiepEpn:i andwhscRuitipbieeforeapphgcayénn, onhe steels
conte of .t catlhogtc.ure _resin( and th
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silane coupling a resp

10prescstbellst anges; and a 25 process for preparation

t her eof . SCLOSURE ,OF | NVENT| ON_However, techni ques
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sol vegy t s o4 reatq sty 4.Ss di 11 cud f
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| arge._probl ens, for practical use. Techni ques
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20 silane coupling agent (C) having a specific reactive
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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-2001-49453 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 and 4idgerprint

resi stance are gained by coating the surface of a
nmetallic materi an organlc resin. Further, it
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been WeERLEEC A §r%ﬂ%§n@renp<a@ﬁslnopprﬁvmenaes such as
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an |norgan|c coat usually and such i'nger print
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have intensely studied to  solve the above probl ens,
and L3I 1CORRA, Nehald 1q Mmatar ik grinafy be used for

t ogetiliaft s it I e FRdd ent corrosion 5 reS|stanpe_and

adhesion, but also such heat resistance, weldability,
cont i nuousvedeabifidany thred adoant,r iit icontdhectprddentastate of

?252 g:?é%%%i %ﬁ‘g’%g:ﬁ usual :*?é’sﬁ ,eaand suych r"ﬁfgl,er‘]‘ erapsr |1rg usable in
place of one giving a chromate 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
agent for metallic materials which solves the above
problems which prior arts have, and is capable of forming
a novel coat having togetherx 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 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

10 surface with an extrenely stabl e aqueous chem ca

agent wherein an organic silicon conpound having in

one nolecule a specific functionag group (a) and a
specific functional group (b) in a specific nutual

ratio is .co unded; .and conpleted this invention. 15
Nhnelffqﬁﬁgéqﬁhﬁﬁﬂﬁ%ﬁ?welates to an aqueous netal
surface-tr adfd Rie2@eR! 1WRRNIJF AN YDAMHtendelC QR udied to
conmpound whi ch has, in one nolecule, tw or re of

f unct iseRale &heupgbors) proplesent aidoyrst ke resudtl, athey found

--Si rei.a:R., e sent ual_l .
| ndeg%r%gﬁtal 3(?@% g’ﬁ&ﬁﬁgg?:géﬁgmél gxty?"lgroﬁag%ent €orrosion
hydr oxplsigtange, aaddadheslieast bate adkot Baghi e resistance,

al koxyl .grouyp).,and at | east one _hydrophilic .
funpt%8&%?86?6G¥'(SPn§éPBEP@dWPFBR¥H96F8x9Pd_@ﬂSGE§1C
(whi chogbfceiiieyens BﬁoﬂhbﬁgﬁﬁieoEEQEnﬁQkSliP h88, and such
functional groupS (a)), am n0 groups, carboxyf groups,
25 phéipperprinti degistpacepandppamnnt adhdsgpnups, an organic
sul f onj ' 0 , .pol yoxyet hyl,ene ¢hai ps_and .
i doC5es, BELEATG RS B8 MR B HIaTRY freapipdChanetaliso
10f unct sapdbkegroiph(8n, ertred@yt ££401808que6usospeMdel agent
( Enbodj nent 1%. The organlc silicon conpound, can,
gener ¥PPTEHR 30 PEIARLC $hiiexanprepowyd,bakingnin one
bet wegs ol | g : @F LC3 0 A}, an h ‘£
foIIom?ngeg%gaﬁigﬁ%gﬁg%gngﬁﬁ%gﬁgﬁ ut&?ﬁgéogagn?%& % specific
si | i chancbhpoahdgrodpt fle) pimdacspeyifibemueasl i oatiboeis
not necessarily identical, and cap -.6 nutually be
it 1 ey anpedhded; | 58 L aRee Y FRLs 1 BYeRbESR: by Leec
15in the inveahéDp, TS idvéstidyerdl ffed! 60 418! /&S ® metal
an aqueous netal surface-treating agent wherein an

or gans@r taegroipert 5ng Agentyivhexeinnan i organig cshl {¢9n

and h C,CO B) having, a functional_grou

(1 “CofE AR SRR, (R, R R Sende T oha i R o
(1) afehetidreslstgmngps hir aprégeitedibpreie dfOla ~SiR'R?R?
(I'11), sel ected ,from hydroxyl —groups (which are

di f f efHHRT9IH R v hEse2RE R i FRRTESSIH it uml ¥ indgprpdently

20T uncti Baal QRS (Akox P IJFps S U Sy Groups, and at

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,
25 phosphoric acid groups, phosphonic acid groups, sulfonic
acid groups, polyoxyethylene chains and amido groups, and
has a molecular weight, per one functional group (b), of
100 to 10,000, is compounded (Eﬁbodiment 1).
The organic silicon compound can generally be
30 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,

phosphori c acid groups, phosphonic acid groups,

sulfonic acid groups, primry anm do groups, secondary

am do groups and pol yoxyet hyl ene £hains, all these

groups and chains 15 being different fromthose

included in the functional groups (1) and/or the
functBhupllyrbepdifferentea tohpbendend hethacanheaffectively
one of.th rggn&gecggngggogﬁo and the organic

compound %%§ 'S an organi ¢~ sifTane conpound having a
functi onal Thueuptlibs ieperstohesdlby L8EaPds o6 nahaaqueous

-Si RLR2R3. (wherein RL, R2 and R3 are as, defined )
abovefSFEHBUF HRTE B cathng 299Rht YRAT 23 AR PEIRR1E compound
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whi ch conprises applying the above surface-treating
agentcempouRdhe(Bl Rayingea ofunteieomahl gieuprafl B¥) atapable of
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functional group (a) In the organic i con conpoun
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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 material, and drying the
resulting surface-treating agent to form a coat of 10 to
3,000 mg/m?® in terms of Si0z; 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 Rl, 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. ps_the proportion of

presence of the functional group (b), the nolecul ar

wei ght of the organic silicon conpound per one
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or disperse stably. The process for preparation of the
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organic silicon conpound by reaction of a
couplpli‘g;fealg%bﬁy havng2 a szpectﬂfe cprcqamtmfomcpiexaice of the

gr oup.. Wi ound nctlonal 10 .grou
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than 100, the water resistance of a coat formed is
strikingly lowered. On the other hand, when the
moleculax 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 can, 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 gonpound having a
functional group (b) to forman organic silicon
conmpound. As the 20 conpound having a functional group

(b), tHIREROWh FRPo ke Rkl hytitdkyltami (B, pandgels of
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polyo§9é9H9l€ﬁﬁpéh§9négeatb (5he§epgpgaps aﬁdlohapd901ng a
belngh ? EETH fﬁggh%hgﬁ??s Cﬁﬁg? 8%595%% Egpe coupling

in the tional “group
groupageht) ate,conpounded, and at |east one of t he
or gani ¢ coppound ﬁA and the organic conmpound (B)

an or gani c28j F&nk %oﬁﬁﬂﬁﬁﬂoﬁé¥|%5°BP fBhct 1bnkF @Pé%bble to
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and are as defined above). e organic
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or garfCUR oo iRl FEm %mqﬁwu%lbmmmnm@n@ As the
20Such QIrgMifd having a functional group (b), there can be

mentioned hydroxylamine, polyhydric alcohols, aminethiol,
aminesulfonic acid, hydroxyphosphonic acid, amino acids, -
etc,
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-ggoup and a

functional group fornmed after they reacted falls

within the definition of the hydrophilic functional . .
gr oup PP UM gRQURSes PROSPHP Iike afydr GFRUPSe Phosphonic acid
funct i r ; ' WaYS i :

nydr OBt LTS T nn oRg] 2585 PanuBry | B aate, Shike, SFoups.

f r om skeobdgrynangdengrhepsorgdnpolyoryethgleBe, cbrins, all

Con TRt S bbb ung THE cBLABELC EQAPRALL,

5 her echpabher efchaihg froliudedadinephsyfahbanesasughoaps (I)

3 30 gl ycidyl oxypropyltripet hoxysil ane, 3-
glycig?ﬁ%??ngﬁyEHEB%%PB?£§958R9§iKaﬁé ﬁﬁa_EQTB?HDded' and at
epoxye¥gLehexd! »&t Bk - bE&ERE BOXYRLLAAE; (A" BR4Sth&Ngeganic
such as N-(2-am noet hyl)=3-am nopropyl nethyl - 10 -

di met AeRpeundnéB) NL g adih nobgapiy-8ilane compound having a

o OB LA TTL PRI EeBdadir by he Copmile -S1RE

103- ne(whetepn oRY,| R andt ROxysé | 89 ede f 506N 28BS Ge Bl | anes

such 5 as 3-isocyanatopropyl trinmethoxysilane and 3-

i socyanat OPrpyFR® | RFFRPAS | FRAMROURA n(B) does not have any

gr oupy LY LLanss, i triet i an

and B“W’%‘?}y {](?ifrrlg'tuf.woxys? ;(‘;g?@%pg{/ﬁ:bn%%un %H:%lléﬁ Squeous
as songgiablsupfreetydalydnetdegest (Khbyodimentl2) contains only

| ygl ycidyl eth d, 1 t thritol .
pol vty crian e fEpt ot olah Sl e lonan dgroue (1) and

15t ol ylenfurttt SaaBr@tsup di Pheipdreddeiehotdi cspcyBat e organic

napht hal ene dii socyanate and xylyl ene diisocyanate;

met hyF PGt plRlonteh mraamiso rrreaind &) omrl sigineorganic

and di | p{opi LN ek tiv t e

oo, SORINE PO P GBI 86 43 S Syt or aces not
i m dadiswipeuntdsesiict) ahiiNIN id sopnofde siardbsidi i4H ey .

etc. The organic conpound (B) is not particularly

limted, AMemadhsfnctsanadr eiour Hdrle Ararfunctional

20 Mentigel (11) is a hydrophilic functional group and a

25
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functional group formed after they reacted falls within
the definition of the hydrophilic functional group (III),
the presence of the hydrophilic functional group (III) is
not always necessary. The hydrophilic functional
group (III) can be contained from the beginning in the
oxganic 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-
glycidyloxypropyltrimethoxysilane, 3-
glycidyloxypropylmethyldimethoxysilane and 2-(3, 4~
epoxycyclohexyl)ethyl-trimethoxysilane; amino silanes

such as N-(2-aminoethyl) -3-aminopropylmethyl-



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

am nopr opyl net hyi 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 nejgoapounds such as

I sophor onedi am ne, piperazine, diphenyl nethanedi am ne;
pol y oxyethxlene adducts of epoxy conpounds such as 25
neopeAyRgE @FY@éﬂaB?glycﬁéVFn@?¥BV1)136 hexanedi ol

di gl yShﬁﬁbp%?ﬁitﬂﬂﬂle'ﬂ){gwgﬁﬁléhédahasBher nol A
di glycid droxyl am nes such as et hanol am ne

and pmepanepmﬁlhmepbbyw@llaneal mgngastsushlases such as 3-

gl yco n1noe h net hi
30 an#%gﬁ? 9%%# §r§M§E% %§§r|% %Yas suc ggnes such
S artaab CBaEBdc?ﬂﬂatopﬁﬁpybtﬁ1ﬁétﬁox9§ﬂ1§]ﬁé uthanse
acids, such as 2-am no-|-napht hal enesul foni c acid;

hydr o%ﬁ@ﬁﬁ%ﬁ‘m@aﬁ%H§l§*alaﬁxa§lba@¢yc@%wk o$pABRATgontaining
aci d; s11ddes dbdsh n98! krhyt 108k fioRfh fand ee,tag' ds

such as gl yci ne, and g mc ac
is pretgrybdrim@¢h¢hgsnlgna;cepmkyccmmp@mm@andueh as sorbitol

duct. f d.b t f th
D O PARSTTE Y SRRl Pl 1 BN ERSOFRE Behers ana
10si | ometwflﬁtlobimnwbbygrp@ﬂ@psaéw@r@f 1 ¥6cPan e ecompounds

of the functlonal groups (a). form ng sil oxane
bond(SY°P S cemkielrig i %?CYW ¢ ribkRhenyRgghane

fU”Ct&P{‘é’écﬁéﬂ%‘t{é (Ap nﬁm&w sééa}% onge%@ Lene

t he above 0 product comes to r nol
chai rdiaiﬁbwartm:mcmeizhwﬂ,ohsgmumdmtammtcmpounds such as

net wor struct u .bec easy to form urt
e ac i1t 4l QR i Rty A T ye Wthylene-
15hi ndrmuﬁtﬁg ,ccﬁﬁ:%drhfs Shadh |dd Yacdtd@e 1 PP Erylate; imido

silicon conmpound or the above 15 product in water

f urt ROMRAdEgach as Ny bb'r@fsap@pxlo:aﬁhmmcte. etc.

metallic AP t. .0r

metallic |onzﬁg§§A#Q1Céé§§€§4]@% 3ﬁp ;%%rﬁiﬁgfﬁémy

i on, landftddyn amd asCeddampled thedassf Wiiexd ttan be mentioned
netalllc conpound (O .is a_colloidal 20 %bs%Frsoid i's

excl P | &% Sl Ak Nreltdaa

20 amlnopropylmethyldimethoxysilane, 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
propanolamine; polyhydric alcohols such as glycols:
aminethiols such as 2-aminoethanethiol and 2-

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

such as 2~amino-l-naphthalenesulfonic acid;

hydroxyphosphonic acids such as a-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 inveqption increases. It
iIs 25 preferred that the bivalent or nore netallic ion
|s at least one selected fromTi, Zr, H ,k V,
vigginoal kylpgul ggnigdaehdppnaming ?ﬁédf-‘:oﬁ\é%n@s glycine,
(C) CODLALHL NEna Ph!@n??taei mogecmetallic ion, there
can be mentioned 2alts o suc metals with inorganic
aci ds suchItsi$|poebersédathals, tpaosp@anic atlﬂ¢on compound or
nitric aci salts of such neta

d d
W th rSEaaehCedtnedchy B Crendfleg, 88 RS 54R1S compouna

sbut yr (&) aghd, t W& abir§aite dcomp6ahdi ¢B) agasl, at AL&4St one
acid, L-ascorbic acid, tartaric acid, citric 12 acid,

DL- e ito%ane, mow%am@@ bYreFendensd bl amdof pHHMPF drore of
aci d, tl‘}é’”ﬂlu?&‘tf‘@xlléf %ne é‘Pt al §y SEGHn A%g é‘lf&%ér?é*sbond(s)

aIkyI acet onat-es, ates actates am nat es
and sbbmmwsamx@mfof P@wm«mlmtey @f thé ofusctional

contain C there is, o articul ar

PO Sk LIPS ol i fe | S DR d OBl o the above
10pent gatattud Bome sret aviaasli € Boigk HYBle@Ni¢cHAin and a

met avanadat e, sodi um netavanadate, vanadi um

oxyt MEHIG RNGOES, 2 ERRH tym 2 1G9alki e Netomrk structure

IonsEL AR O o U Y o e

vanadiilmradetid dosteoresd edud A =38 IGHIGOMYrie, etc., and the

vanadiu trlch ri.de VC13,, phosphorusvanadonpl yb
o o SRR R iR RERAT P MR ERT FRRHIBLAF | e above

15 USed o, R AN Gratll Flathdl RG4S the val ence to
tetravalent to 15 bivalent wth an organi c conpound

havi ng at Jtedst Rﬂ&feﬁmm%mw & @ledatldd o agmpound (C)

the UGN S WG lond Yl o HeNH CHHOWnen the

t ert m@taldiicnd oy dips Zamides, @rmip&omh@smomcﬁ: ad & Ce ion,
groups and phosphonlc acid groups 20 can alsq
used thfhE8senmuhy q epmpgynsk (@e&smaoﬁ@llmdal

200" | @is%e%%@thqg %&cﬁhd%ﬂﬁ 4htTPthe aqueous metal surface-

treating agent of the invention (Embodiment 1 and

Embodiment 2), and, thereby, the corrosion resistance of
a metallic material treated with the aqueous metal
surface-treating agent of the invention increases. It is
25 preferred that the bivalent or more metallic ion is at
least one selected from Ti, 2Zr, 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 sulfuric 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 B a corrosive
environnent, formation of a very thin coat on the

net al surface i ncrease of the coat density due to
crossPFﬁ@unQLr@aéﬂFoﬁClQWtmaﬂenéplenaﬁ,gmeapQC|acndeand
coat ﬂmagetacaatccoaglzne %Eou;édsugﬁ feYRY s°5uth®as

metal ['1 ¢ conpoun pre erabl
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of the_net o th? cont ent f S

a)
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50bt ai aedtaiAfhiyheoRpgoeads, nEhé}:eS!ﬂéfﬁéepéf:éi‘Ethr limitation,
agent, (C/Si, becones 0. 01 to 10. 0, and further
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i ncreased, and the casé is not econom ca

pr ef eYarapiwn carpfeirceonatatV (0 (=i C@a):ocaex ﬁCN@hadlum

fromhy. i d I | CIdS an hosphorlc
aC|d||ﬁ%ﬁiie é%&ggf ﬁ@t %ﬁghr ACe- F@g My aﬁg
t he iWhanta qren(tanmline ntanadindn Efﬁmp?bmtls?)usecﬂ,nch compound

t here the corrosjon resistance i s increased. 15
cﬂc%ﬁ%ﬁﬁq%g XcF?#Hﬁ%ﬂﬁu£P§x¥Q%ﬁﬁ9ﬁ1?Qﬁﬁ efizavalept to

15 et ¢ higigrSfdrftC tw iyl J&rdfﬁnl@%cﬁﬁﬂdiﬂ)cﬁg{edﬂgu qg&l@a‘ét one

acids do not strongly etch netal "surfaces because they
are ﬁnﬁmlng;mumlmhmqﬂ | foroma dihti tgy:cmmrcg:matsn,ng of
thin agxide coats o surface

but yneven ver
50, 2yl Rk il Sroufi s e Dot AHIRE
aci d priiefaysy, p%‘d@i?ﬁia&f@ﬁ@e&'t@%x@o%ﬁrﬁﬁﬂ?@@ amide

surfaces although the thickness i's very
i ncr@ﬁé‘@srcmw%@%muﬁmw@bmﬁmmc acid groups

20 aMOURL O 1B LACLA D) TS 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
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 crosslinking reaction
with functional groups in the coat components, etc.

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

obtained fromthe aqueous netal gyrface-treating

agent, (D)/Si, beconmes 0.01 to 10.0, and further

preferably such a conpoundi ng 30 anount that the mass

rat i ocBatonktadned; frogmothpphagueppy/ Bptak pusfacpahreating
0'013aEEﬁt?fR§??S§96bEQO BE oce1PPYNdhNg, OhndNEu ALY
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coat aderdkneStheanidverntiicon Emddinercoridwentd \Briibodisment 2),
hei ght e eggggn further, effects of, enhancenent of

t he JrortRRIFRT TS IAN tiRSLgi@ce it ingreased.
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di spersion 20 (E) is preferably such a conpoundi ng
anourgtaltiatg teffants andg finrhefr tdhelsdlimng emttient. ofOrganic

the col. pi dal .di.spersio to the content of S

deri vaeédesr SR 19 §&{&qggl¥aﬁe®°d} &?ﬁa(%a)sul agesfiecause they
obt aigred ddiQiB Hae iddeo W Iiidte 1 ys WdwAGR-ildiaat idibng acids,
agent, (E)/Si, becones 0.01 to 10.0, and' 25 further

pr ef &HDIEPIAYEN WReVSHH e fdidnowdde ippatshen fhes surface

20 " ati QrREEHIES iPhckea®ed ¥R BesTlstatidetSS Pld¥bhoric acid
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forms phosphate conversion coats on metal suxfaces
although the thickness is very thin, and increases
corrosion resistance.

The compounding amount of the acid (D) is preferably
such a compounding amount that the mass ratio of the
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)/Si 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 corrosiomgresi stance and
adhesion are |owered. It is possible to conpound a

hi CRARLY i iar BeFe Shapolfir in BYERSEoRFCHANERGS Made

Surfaéﬁcégsbeeigahﬁﬁ c8Prd3iof! 8e5ikBance is lowered, or the
conducti vi ty-enhanci ng agent, a coloring pignent for
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par afél&neﬂ@xsefeéeéadf}&prSfanﬁrsu'?f a§n9rﬁfh'é§ and Nb into
m ca or nol ybdenum di sulfide, efC. I'S possible to

conpotinel @q@m\p@wn@lthhvsmgfam—bn@atme@cmem: af tleasmventlon

one f rou L oL,
consi LEfRANRenl" P Ead B Eneh Ol 1G THERE et ot
10from pmmm@ I@miatd:tﬁlgcélﬁtfﬁﬁm ogmdlémc igrongsstate of

C—C groups,. C=N groups, C=N groups and N=N group
’o%‘b’élb P HR ehiit SNt 3R |%ﬂ@ef%?$’g‘i~ﬂé‘?t9d in the

grouloéel gisEhhdo & OSP O hed 410 §@%f§@ea€b Q@E‘é&t the metal

|nh|b|tor into the aqueous surface-treating
agentsmlffacma, i arvad nit ias, CQCErmnammea.latrwh@rbmmmghtened.
i on, resi stan

R i der P Seor SR SRR DRSS 05 consity
lscan bef MY | @ied, anvd thQUice |HHE (@4 ech g 9N arkED thus,

group-contai ni ng conpounds _including aldehydes such

as f crirgtaelsy qrondi tics d@yv@gh@rtﬁflas ang Hfwgther, effects
acet Qe AR W he KEHLARG s agndr(o?%dh esion of the

group cont al ni g conpounds suc zéhe an
deri \taiamesatmamnmaimtrm&bdxﬁ:. derivatives, acrylic

acid and t hacr cid and their derlvatlves
al kyl car &&?y ng |afedrteRfddde codloidal dispersion

20 97 OUREYORIAITH SR \GHIRP Wilkh S/ ondunding amount that 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
more 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



acetyl ene al cohol and acetyl ene derivatives; C=N

gr oup- cont ai ni ng conpounds such as azi nes, triazines,
osazone dyes, triphenyl net hane dyes, chnidin,

pyri m dine, pyrazole, imdazgle, pyridiniumconpounds
and qui noliniura conpounds; C=N group-containing
conpounds such as ethylene cyanohydrin; 16 N-N
edresiprico moadviatd vddnpanidnaing agentydeadalering pigment

el r ' [ ; gL oup- Lnin
TS B0 16 BTN BLEE D, BROBRRTIELY B
fooneolhzdg-esnenit asf sebdtoing Bordabisitypnates, into the
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to gﬁﬁ{eireatnen suc{ as phosphate treatnent,
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aqueous 20 netal “surface-treating agent
graupsntGHh orewprs heC=Nugtaopsef CENgtrips amed eN+Ml groups:;

3 1 hod i '. t hod i
= AT B of 1SR f oo tBind ahungCbas L Braties s
sudhp gl e ihd akhPledChhNBigahito iMAMITIY, into

(coating) tenperature and 25 treatnent (coating) tinme,
thepgaqueguiemgtal surbaeentreatdngi agentemfettieurdaviention

f. | 0 d . treatment ' ' i
(eSSl i iithe APTIRIOraSH ot BlrkheE | ©
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of the _treating liquid fornmed on
functional group, there can be mentioned, without

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
benzene and its derivatives, naphthalene and its
derivatives, acrylic acid and methacrylic acid and their
derivatives, alkyl carboxylates and

alkylaldehydes; C=C group-containing compounds such as
acetylene alcohol and acetylene derivatives;

C=N group-containing compounds such as azines, triazines,
osazone dyes, triphenylmethane dyes, chnidin, pyrimidine:
pyrazole, imidazole, pyridinium compounds and quinoliniura
compounds; C=N group-containing compounds such as ethylene

cyanohydrin; ‘



30 the surface of the netallic 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 occasioenggdryi ng tenperature
is - 17 preferably 30 to 300C, further preferably 40
to 25QC.and still ther preferably 60 to 200C, as a
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an |norganT% c%g?eﬂgﬁéT?9a h%grf%ﬁﬂ—gﬁ%ﬁt%P%g%Q%?Fn?f the

resi sigpedt PO PRhBSd ARERE 1 PNandSERPoQ] A& CZFOﬂ applied onto
usuallg has, can be forned on the surface of
€

met al the sereacelof Thaneabbie, mak er sak mus@ddr:asd w1th heating
foll vent limted S
sur i 2. £ 3 Eonf v Y e ER e REHES et Fle Tatertal.
10sur f difee a:ua«mu ngf agentcadt tde tmwrm@mrtwmetalllc
mai nly the, anic silicon conpound,. HJ@? corr05|on £ 8i0
o 107.

resi %ﬁf’c‘élq %LR’fﬁ RIY bk 2 pf R
barrier effiote 4 QYPaAbOMII DY 1 Hetc ek p@étt&fmé%llc

organic silicon 20 conpound is concentrated by drying,
et c. MatRE il dif ethichdihrevexcards rfyadie giverdaion is

conp u ct t for nt i.nyou

and - g"ergogL!p:zL 4%r£nlen3: CO&hal&P’d'fra/é?est L{i ‘%f Q‘ﬁ?el sheets,
15 or gard Jmgiidunt WhexyR et Fifleds @d\éélo@iﬁad’d\é are preferred.

netallic elenment(s) on the surface of-25 the nateri al

to bél‘f@oaﬁh\?cf)a%& 1Pf Fhese Metaldis eatquialsemay @rawiously
that Jordmiiet & QFgﬁ%ﬁ¥¥%tq§$¥”§h Q&?%ﬂ%éﬁgﬁﬁﬁ

gets possible to na e coa In an
el ecttmeaw@mductdhnotr;ad@eammngﬁﬁd ozFlﬁHeher.kdt iThere is no

surm se a coat fqormed using the 30 aqueous

met aPa& AL 1QgeAS & ehaethpehitioRPPdy the aqueous
ZOSI|lﬁ@&a@ssﬁrgﬁ%%rtQQQtﬁﬁgt%déﬁ% S YHeUi%veh?8on onto the

surface of a metallic material, and a method such as an

immersing method, a spraying method or a roll coating
method can be used. There is no particular limitation
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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arrangement of silicon-organic chains is regular and

the organic chain is relatively short, and thus,

silicon - 18 <containing parts and organic parts,

namel y, inorganic substances and,9rganic substances

are arranged regularly and dense%y in very mnute

areas in the coat, and, therefore, formation of a

novel prefierally nglt bgedteic,s mirthdreairafegiailanod to 250°C and
wel dabiity, continuous morkabilitz and electric

condugti¥d t funrkher prefebably cOdt tas2@PIG lass a temperature

such fi ri nt Sl ce d ' esjon_as an._. .
organ%%ggﬁé %gugﬁfyéﬁégg,6@%2ﬁ%§@%§%é?%ﬂ%-i#ﬁpfﬁ”ékrtlcularly
connekimbed ido i Bomg cas t eha egbd v otoid Bibdry o S tdperature

in 10 the silicon-containin arts in the coat, about

80% o?ea‘f%] Y| 5% %‘?g e bonds. Exanples The

| nventi on iters Pasd fdginddys descd] Ntk AR QW r&FCAIHli fbnt of the
to exanples of the invention and conparative 15

exanpHBEENHAD tie UsRDNta gIPVel meat ihdviaw ttegetier not only
Pr DALk éo%sfoﬁ@?tlfesw&?e.sar?&] SUAMPALINE a1s0
exanpl'es,”"and processes of application of surface-

t r eatsuh dpatt scdsarstaaiad,| iwe Idetkelrliislys aontdasenisbatbrkability

bel ow. 20 Preparation of test sheets,6 (1) Mterials
for taég‘fsﬂ LS (SR Hatidy A% 3h ’t’i‘?é-)Q?é‘rlkfethﬁér asually

used.hash;| Qeld Rl i pHigRl Set e argl§Rlint?2dhesion

thi ckness = 0.8 nm gadl vani zati on anount - 20/20
(g/ nBs B eHIAINLRU AN Usvaldy helst,ercani e floatmedi on the

st eel t ). .sheet, .thickness .= 0 pl atin .
amount 290/ &gp(agﬂ%aellﬁcn&aﬁlea%al “al | ?‘Eegtsg&sstag:a surmised
sheetas( Z0llows, Batsher! inkiepitiess is Gof Mimikled BYJ such

amount = 20/20_(g/nR) Hot-dip zinc-plated steel sheet
(G ) SUIRdEe. t B Segds formedg usdngpithe agussssnmesal surface-

ggégﬁrggkng algahtdict $RY FhYentibdy RBhprided! G8linly 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 silicon compound mutually react té
form, a continuous coat, and -OR groups formed by
hydrolysis of part of the organic silicon compound form
Si-O0-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 chains is regular and the

organic chain is relatively short, and thus, silicon-



- 19 (&): sheet thickness = 0.8 nm plating anount
= 90/90 (g/n2) Alloyed (Zn-Fe) Hot-dip zinc-plated
steel sheet (GA): sheet thickness = 0.8 nm plating 5
amount = 60/60 (g/n2) A-1100 alLufrgnum sheet (AL)
sheet thickness = 0.8 mm (2) Degreasing treatnent A
material was, spray treated for 2 mnutes 10 using a
si | i cGPBTaFRANENB2gESr 8BYi A5YaRERt PaFtfe URBgA¥y ingzganic
(reqi d . e ' Parkeri
SO b I L e R e S
and t @npedanardy6ds, veayhminutehapeas wat thef coaBp and,
secon ie .1he resulting materjal,was,_used
S PREpEE cEp RS b ok F ok PR BAVHFS cOT8Eher such

15 as a Sheée

Saqueobsatretakistiahaep- vebadbNity A0esh6indpRti 68tkePidity and

the a fnts pnto test sheets and drying thereof
(exan% Sy TigngoRrRpht Bt ¥ 23 anglRedrganhc ngpalr usually has,

sur f aggd t 88K | P GEBYE St Of e SLIPAL LS OBnd 3PP ﬁfaé#ﬁﬁkion as an

of the agents onto test sheets and drying thereo
(conpe¥rganie exabmiiawldllkConmssibecrmes gowsiloles, ofIn this

L1 U ol Shanet bt TSRS Yikaigh anakysis that, in

10r esulthengsi i @shictorsior iki oy pease 41 He ot e tdo ) ERILr80s of

and the mxture was adjusted so that the solid
cont drfte gechiren kprmnSiekant andfict, the nunber of

the functignghp1goups (a) is 2, and the nolecul ar
wei ght per one 30 functional group (b) is about 530.
<Conposi t ihe Envemt il sisofspeaifiitad et gt ik mridbw

the. Zcorsiitd {5, Shuliee & AR Ao and aPiative

15vat efexiples, but the invention is not limited thereby.

20

25

30

Preparation 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.

.

Electrogal?anized 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):
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 = 390/90 (g/m?)

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



the m xture was adjusted so that the solid content

becane 10% As to the product, the nunber of the
functional groups (a) is 2, and the nol ecul ar wei ght

per one 5 functional group (b) Lsqgbaut 320.

<Conposition C Two nol e of

3-gl yci doxypropyl trinet hoxysilane and 1 nol of

3- am A6F? 6pyEherét kBigkppafe=wlr 8 MBacPddting et hanol ,

the r Fng c dution was m xed with 10 pure
matergggghFhe QPZ?Erggags)adjusted so that the solid
content becane 102d1légedo (EheFp)oHottdipheinonptatefl steel

the functi .groups,.(a).i.s 3, and_the nol ecu| ar
vei gh?HSS% ?gﬁg'f uﬁﬁ?%ﬁf\lg?gags( B) OrE B0 824t thy
5<Conpambhhen=Ds0 160 Tyg/mdl e of N-(am noethyl) - 3-

am nopropyl tri met hoxysilane and 1 nol of 3-
isocyanatopropyftATﬁ%?ﬁo%%Bﬂ%ﬁH@ gheetr ¢kl ed sheet
et hanp] ; ol &SHI ki product solution was ni xed
with gﬁ%%k§£$%r ghg @ﬁe m xture was adj usted so that
the solid ¢2nt ebegPeabinqnerddtimeds to the product,

t he number of L&e funct] onal rougs a% ig %, and t he

mol ecul ar wei gh® PRter Y33 cEPHRY LRt (byr i< minutes
10aboutyu 8Py £CoIPPshtd O B 194 d88E8a®ing agent, Fine Cleaner

3- mer capt opropyl tri met hoxysi | ane, 25 4 ndl s™ of

2- (3, B3 épokyegrsenesy | Y rady | market hoagei bardihemdParkerizing
nol di y ,oni c.achd e_reac L.
et ha(r)%?',’t e&ia%‘?‘?‘%ﬁg&gér o%%ﬁ#lglgfut?%ngﬂéégﬁ§%t c\’/\?t%o g/L
pure Hed ef erdpéh-d t\erdl 4o © iR e s tWadlert B
solid content becanme 10% As to the product, the
nunbe?0 ofecdnds 3nd wdriednandrthesrésylisng matreiridk was used
nol ecul ar wei,ght. per one functional group (b) is
15aboutaﬁ,§otffseéalh"g%%1 tion F> Four nols of
3- gl yci doxpmsspimhdrit net hoxysilane and - 21 | nol of
et hyl enedi"am ne were reacted in ethanol, the
resul ting Rrephratien af aaueenrineis e VERS
and at#]_ei}ﬂ'gz)(téﬁpe.l.f/@astiaoq’l %Sft %qlés oaéé}xaés torl'xecos qle'&: sheets and

cont

drying thereof (examples), and preparation of aqueous

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%. BAs to the product, the number of the functional
groups (a) is 2, and the molecular weight per one
30 functional group (b) is about 530.
<Composition B>
Two mols of vinyltrimethoxysilane and 1 mol of

sulfoethyl acrylate were reacted in ethanol, the



10% As to the product, the nunber of the functional 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-an1nopropy|trieLh?6y§iIane and 1 no

t he nunber unc

of trinmethyl ol propane pol ygl yci dy

in

et her were reacted
10 et hanol, the resulting product solution was

m xed *@EPAtpogePRadBEtanglukacni wagr dixgd Wdfhspugesyater and

that EH@ ﬁ?g?q%ﬁggg%eghénggﬁes$o%%aést§8iéggiggggH?%gt became

I ona roups (a

nol ecliP&c wAsght phe peooduttupcthenabmbeeupf(bhei suBBBional

15

<Conposi tiop H> Seven e of _
ﬁgl%?i2Etﬂagggbﬁaﬂ8}efuﬁﬁF geight per one

3- mer 85BUBHr &

spent agqiebiohal §ebupl yeh dyk sbBge 8pd,1 nol of
2- am nopropanet hiol were reacted in ethanol, the

resul ti ng PFeEResitbPnt fdn was' mi xed with pure water

cont ant | berabshoiE SBaRGYELE0K08000 t HieEhokde1 ane and
t he flnotdl onfll 3-gmimpsrépyltridthargdsibaenaoheral acacted in
meightFﬁer ne, . functi

Vet al F

I b) i 1, 500. . .
Shobnornt 154 Dbt L Ra0utt) spufion kancpiped with

10C2: Thhpsi warat k@zﬂ%@%ﬁik@ﬁiﬁé'#@éoﬁi?ﬁé’ﬂé& 861 €h&¥: the solid
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Amoni um zi rconyl carbonate C5: Hexaf

uorohafnic acid

30 Cosonksriyrecane yl@tet ohat bo O7he nbyedestum the number of the

hydr o t . £lNC: acety ef.on X .
rmorE S ERRIE drodfs AL08°% LATEEIG S A rgtont per
Cll: Senfunoniyndboprphwshptes TI@; Nickel nitrate

C13: Cbbahé nitrate, 5 Cl4: Ceriumnitrate

Composition D>

Two mole of N-(aminoethyl)-3-
aninopropyltrimethoxysilane 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
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,
4 mols of 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane
and 1 mol of dimethylolpropionic acid 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 4, and the molecular weight per
one functional group (b) is about 1,900.

<Composition F>

Four mols of 3-glycidoxypropyltrimethoxysilane and



C15: Cal ci um hydr ogenphosphate An above conpound (C),

and an acid (D) and a colloidal dispersion (E) shown

in Tables 1 to 3 were appropriately conmpounded into

one of the conpositions A 10 to.Hyto_prepare an

aqueous netal surface-treating agent as an exanple of
Enbodlnent 1 shown_in Tables I to 3. The treating

agent *wBelagfustBylepedianing HBHEeﬁ?PﬁF?@nlno?tEGW@lr the

with E@Eﬁitlﬂar £8ahet QBEiﬂ:?QnOQBQ ﬂx*ﬂﬁe&“&rﬂ@ﬁegﬁflr% fater and

test sheet as s own i n Ta to 3 so that th
r esul thagnixjureavaansdpustedl dobthadbothy/ s@lidndontent became

dried that,th e re y Lkh hee .
cout 108 gofS; 5" Eup PREARLY: ChEaMIBepY ok Mong ' Bfchional
5r eact gyeupsr ¢ant £st 4 ea&mnthmonademﬁt wedightsper26ne
sheet _shown i n_ Tabl es to,10, and the resulting sheet

was | fREsLoRah Sreﬁﬂpé?bt+§eaP?%5t§%% sol uti on

obtained byohssPt Y6AYS> _
y-gl yci doxypropyl tri met hoxysi |l ane and nethanol in

dei oni zed ?km&# mols haf 3h@ml@QpE@pYbérl@bh@EﬂsIhﬁmﬁn@nd 1 mol

could e 12. nd 10, 0% b 25 and

o ro e tneeh VYo [BESpANE BO1PH IV BT e e WSt reacted in
10t enpestehanisl ; egitd efe Hyl t g S@Mu@@%@ltb@i&‘i)ﬁvé:@ mDxéd with

a coat. Cbnparat|ve exanple 2 A conparat|ve treating

sol utPWie dR ' haand the mixtiereivgs adjusted so that 'the solid

y-gl y&&@a&y@r@&a&ﬁé'ﬁ hoxysid ang, ansh-dmid@nolhe | fumber of the

dei oni zed water so t the respecti've concentratlon
coul dfwect5i@9a bygmegss atald 1‘0%3),y amissr,hewambepmhlaad weight per

onto _the surface tes et ing a No. 3 bar
coat §77€ SHpctirpa rq]é%}‘%o&f)h déns't enper at ur e

15reached bxdd@&gmo@mﬂd be 80C to forma coat.
Cbnparat|ve exanpl e 3 A conparative treating sol ution
obt ai ned HBeven @iaks|of rrrarARRiaROMEdH imathoxysilane,

co P BRSSO VNN sty and 1 o o
conc @Hartiinopopemdthind drey/deacktdd ¢id ethanol, 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: Hexafluorotitanic acid
C2: Titanium alkoxide
C3: Hexafluorozirconic acid
C4: Ammonium zirconyl carbonate
C5: Hexafluorohafnic acid
30 Cé6: Vanadyl acetylacetonate
C7: magnesium hydrogenphosphate
C8: Zinc acetylacetonate

C9: Ammonium metatungstate




and 0.5 g/L was applied onto the surface of a test
sheet wusing a No. 3 bar coater, and dried so that the
10 tenperature reached by the sheet could be 80C to
forma coat. Conparative exanpley,4 A conparative
treating solution obtained by dispersing an iononer
resin, a water soluble 15 nultifunctional epoxy

gr oup- cont @i f# ngABBeR bR drahibdate anmmoni um

i on- adsor bikg. Si h{Gas respective
concentrat?g%é c%% di §m2§%§%?§€“%32555€€%nd 0.5 g/L
was appl i edldnt oNihkebunitraetef a test sheet wusing a
No. 3 bar ter, and drigd so that the 20 tenperature
reached bygfgé s%%%?g%oﬁfgrﬁéeSOC to forma coat.
SEnbodi nentc 4 Pr epér filuh o ©Fagglueous net al
surface-treating agents, application of the agents

onto test Gheet sSCakeiupshyfsogeprresrAte exanpl es),

and prepargfi AGQHS al rface-iseatyn

agents forﬁlléo%%%‘?%son, g%% i At on &ofél?hée%%%eﬁ%’s %}f%oa

t est sdikebdsdahddspye rgidme(Eofshdwronbaredbles ekaopl 2sjere

ngf;%ﬁﬁ%o g%ﬁ%ﬁ§ﬁ2?é§%ﬁ%§%ﬁ|%ﬂﬁ? qne of the compositions A
103- Ami oK ofy | ¥k Qiey Adiddius Adetal surface-treating agent

3- Mer capt opropyl tri met hoxysi | ane = A4: )

3- | sy aratoprepye tof fewrddmantade showp igp:Tables 1 to 3.

Pent the iyl gé hg; X ' ‘
Di phgﬁg/%n{é{%%%nﬁ%%%%%%a &Rl ?gr% e % :ld concentration
D netdy | M Ppraittiowatenc, baxr Aater applied onto the surface of
N, N-Di i sopropyl car bodi i m de, O gani ¢ conpaund ( B1:
N (arf R ARCSE R RAUDyI Tk G hebo that the

15D phenyd Bt hapedi pBdft Bihrod¥RORMIM ¥ YA mg/m?, and dried so
pol ygl yci dyl ‘et her

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
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 solution obtained by
30 dissolving y-glycidoxypropyltrimethoxysilane and methanol
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




10 pol yoxyet hyl ene adduct B4: d ycerol BS5:

Di am noal kyl sul fonic acid B6: a-glycerophosphoric
acid Metallic conmpound (C) 15 The same as nentioned
i n Enbodi ment 1 An above organi c egnpound (A), an
above organic conmpound (B), an above netallic

compound (C), and an acid (D) and a coll oida
di spefi§i16i4 E*E) téﬁ‘émﬁhpntﬁaﬁéamrﬁfeFeacapﬁr Blr theepheet could

conpoy nd ob NLO r to epare an aqueous 20 netal
surface tlng h exanpl e of Enbodi nent 2

shown in Tebhpaiitl?beekéﬁ Leng agent was adjusted to

a solid concentration of 10%with water, bar coater

appl i ed on@oCPﬁEa§aF+&@etﬁﬁaﬁlﬂésﬁoéHEéPna@bﬁhbﬂﬁd b

slabl eg; 12,1 at

75 codtdopLoiRg afpoRttn BECLSALl BRLHLNAEER! aRiBH Mm
tenpeph@&pbateeanﬂedabgdyheaGHEEIaceubdabe BOGvabetosm that

Cr car W T SRRCTRHES RoBCaRTEat ORRCEp e ( Aed §7Ls 2.0 o/

resul 4hdgo sﬁe@yLm&slﬁgﬁpm@@l bt 8 BRe CONPAEEE I ¥E a test sheet

treating solution_obtained by dissolvin

gIyC|W%&9%r%d§?tr?rﬁﬁhd&?%@?%nea%%ddﬁ%Q&aﬂ%ltb?ﬁ the

delo so_t.hat .the yrespective ent ns
1060, ot §8erdfE SEatEE 10 S et erEfi 3R 40l & o a

drai nésgr by a - 25 winger roll dried so that the

tenperature reached by the sheet could be 80C to form

a coat. C&ﬁ!&?%‘fﬂk"%)@fﬂﬂl@l@ 9\ conparative treating

sol ution t \Y/

y-gI yci do%gpc?%rg%%lne hoxyS| a‘#:gs%]hu 1o obtaflned by

dei ordizs;fémmitmg @AD idrednehergsiapecd Iw&t@m’mﬂikﬁ]&él ons
could D. 0% by mass and 10% by nass,

Iled
15 0t o ™ Hel SHFERNG; SPat LIHCARE SAP RN ORPGHd and an
coat %rmm&udm dfdrﬁ%cﬁs‘bztﬁi Jhﬁf't&,{f&q-{ S TSRt Rhe

the sheet could 10 be 80 orma coat. Conparative
exanplasm@ctive 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 bar coater, and dried so that the
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

drying thereof (examples), and preparation of aqueous

metal surface-treating agents for comparison, application

of the agents onto test sheets and drying thereof

(comparative examples)

Organic compound (A)

Al: 3-Glycidoxypropyltrimethoxysilane
A2: 3-Aminopropyltrimethoxysilane

A3: 3-Mercaptopropyltrimethoxysilane

A4: 3-~Isocyanatopropyltrimethoxysilane




A conparative treating solution obtained by

di ssol vi ng ammoni um zi rconi um car bonat e, ammoni um
phosphat e and vanadyl acetyl.acetonate in water so
that 15 the respective concentratpgns 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 thd =teﬁﬁeFaﬁgwéhFéSeﬁeao%ygéM@lémée@tbea|d be

80C to forpgga QQaﬁengo &PHBﬂéaaixsoegégghs 4 A

conparative treating ut1on obtal ne di spersing
an i ononerAVesi Melamimeer soluble nmultifunctiona

epoxy groupscontai nj C ound and_an ., anmmoni um
Ton- adsor bikg oPEREERYASIRPerIeR T hafivne 25
Srespect i veAgoncRyN+bii oosrepyl dabbodi fmgde, 0.5 g/ L

and 0.5 g/L was applied onto the surface of a test
sheet usi AEIANG. C9™BANd0bBLr | and dried so that the

tenperatUrﬁlfeaﬁh?ﬁhiﬂbé£ﬁ?§heglaﬁfﬁ$ r ﬁQf&ﬁé&ﬁ&&f&ilane
a coat. 30 Evaluation tests (Comon to Enbodi nent |

and Enbod®ZtntDiph¢nylmethasedhaminé st ance at the

pl ane part S t cordi 0,J] S- 4-2371

was 26 na%%fgt!géﬂé%iﬁ%%riﬁ%% ?%1%(@%9&?% %%5%’2 of
10i nci dence pafyotydtthylisie veddwdser ved. <Eval uation

criterion> = The proportion of incidence of white rust

is |ess tHfh 398BfcetRl whol e area O = The proportion

of incide ofp i [ % Oor e but |ess
than 10% (r)}?‘:é’e:t he %ﬁrgoilr&lspdf:f%@par%%%rti on of

i nci dence BY: Widdgl yalstopidsgi¥e i a@ie but | ess than
30% of the whole area X - The proportion of incidence

of white Meiallic sprRAunr€Clof the whol e area (2)
15 Corrosi on 1rheES|%@%nq&e]mebﬁl&gﬁqptm@méilég {£r{ chsen
test (extrusion: ) was U,
An above organic compound (A), an above organic
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 aqueous
20 metal surface-treating agent as an example of
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

25 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

30 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




and, then, a salt spray test according to JI8-22371

was the state of incidence of nade for 72 hours, and

t hereby, white rust was observed. <Evaluation

criterion> (c) = The proportion_o%sincidence of white

rust is less than 10% of the whole area 0 - The

proportion of incidence of white rust is 10%or nore

but IE§én9ﬁénrQ@% drieHesahbhetatba pemperptvperreaphed by the
is 20% or_ nore but |ess

than %% Pg{;'ﬁ fmﬂm%: ésaﬁE &ao XEor (R orti on of

i nci dence Qémpdiiae€iveSéxamplé 30% or nore of the whole
area (3) Electric conductivity The surface insul ation

reS|stancer$°%P¥%%¥l§ﬁeEFe¥F ?eﬂobgth%ﬂt¢bﬁ@3n%%obﬁ
sWas asurfd u3|n a V|ce f or rin e sur

fa
5 meul 4t FEPL TG oX RRRY T L1355 2nf, fnethanol

e'eCtithéfﬁhﬁiéﬂcﬁat§r|§§Stﬁ9@ntﬂe09es§bctﬂ@§ concentrations
electric resistance is 1.00 or nore 27 but |ess than

2. 00 #ewldHee b % rbY mass s@la@cb()% . rgaes orwadrappbiged onto

l ess {)?gnsé%@%cé ofT etgét?cé r@% §a{]cﬁol 53 %Qp c%ater, and

resi stance A reat ed

msnt i ot aémvtﬂumstﬁ\eaﬁ@ﬁb@tateﬂé)&émhe’ad mylr'ehe nstaget could
oven, and, then, subjected to a salt spray test
10accorke PCoty £oxm37Toadnd t hereby, the state of

|nC|dence Jﬁ? éé&&éﬁ%%%ﬁg%oh§erved <Eval uati on

criterion> pr opor t iTci dence of white rust

is |ess tlmrccifpanfat e hder igasdlutidie gtanidd By
of ingjidence of white rust, is 3%or nore but |ess

t han SQ*V%QQEQMWﬂQ}%ﬁ(%%rconlum carbonate, ammonium
phosphate and vanadyl acetylacetonate 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 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 80°C to form a
coat.
20 Comparative example 4
A comparative treating solution obtained by
dispersing an ionomer resin, a water soluble
multifunctional epoxy group-containing compound and an
ammonium ion~adsorbing silica in water so that the
25 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 bar coater, and dried so that the
temperature reached by the sheet could be 80°C to form a
coat.
30 Evaluation tests (Common to Embodiment 1 and
Embodiment 2)

(1) Corrosion resistance at the plane part

A salt spray test according to JIS-2-2371 was



Q = The proportion of incidence of white rust is 10t
or nore but |ess than 30% of the whole area X = The
proportion of incidence of white,rust is 30%or nore
of the whole area (5) Fingerprint resistance A test
sheet treated as nentioned above_was coated with a
vaseline, and the gain and | oss % the L value (AL)
bet ween before and after the coatlng was neasured by

a color, diffe C er ortmlsttm'tle)mf imcidence
i s | Bade fgR E)SQ EOHF%’ { 5y more but |ess

t hangt. Qhife-rdstivad. cﬂasarvade but Iess than 2.0 X =
AL|3200r nor e &% Stablll‘%]yé%treatlng agent .was
al lowed to st aﬁ@"ﬂa iR SEHH Y2 per at ure chanber _ of

40C, the stabifgLypQ é?&?g&l@g%ﬁ ivasi denceaPbwhite rust
days which ela sed unt he agent gels. <Evaluation

crit£gi Riss THASI 3% icE ntheyefhnlo@®BA) = Gel ation days

are 90 days or m)re but Iess t ha of white rust
Gel ati on days @re B n%]]t?'p(f €ss ciéhan 90

days, X = Gel ation tlﬁag§ ;Ltd%’ilbﬁctmywho]]@ area

Res % s3ﬁ)f°1f Hp’é%fﬁ at |ég'£nset ests The results of vg\ t
tests as to Eppdifpniprbpurticshodn incidenes of Mhife rus

It is seen that thetreatln gents&ﬁg%%

56 i oY ex ndre buti dﬁ@]%}’@é’r ance

equal to that of the chroma g:tt %ge ?ﬂg iddide of white rust
conductivity ¥nd Ao PROPPHEAREO%qdal"t o or nore

than those of the igo n heeaand fingerprint
r esi8t aﬁ O qWerS 85% ﬁ.ﬂ? "’?‘%iﬁz or gani ¢ systen%t and.

are ext r(9'79| Yorréidlien resistance at the
2n Erichsen test (extrusion: 7 wm) was wade,
and, then, a salt spray test according to JI8~Z-2371 was

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 o
O - The proportion of incidence of white rust
whole area

is 10% or more but less than 20% of the
] of white rust

A = The proportion of ‘incidence

is 20% or more but jess than 30% of the whole area

X - The proportion of incidence of white rust.
is 30% or more of the whole area
(3) Electric conductivity

The surface 1nsulat10n res:.stance of a

t sheet treated as mentioned above was measured using a

tes
latlon res:.stance

device for measuring the surface insu
<Eva1uat10n criterion>
@ = The electriq resuatance 'is less than 1.0Q

0 = Theqelectric resistance is 1.0Q or more



The results of the tests as to Enbodinment 2 are 20
shown in Tables 12 to 18. It is seen that the treating
agents of Exanples 1 to 15 in Table 11 display
corrosion resistance equal topfghat of the chronate,

el ectrical conductivity and heat resistance equal to
or nore than those of the inorganic system and

fi paer pesoteHAsiosoance 25 equal to that of the organic

systens, and are extrenely stable. r%ﬁ&lkgjﬁgéﬁ

H U OLn I|AN-Nhe [elegtiric |re§1§t1’=m1=e ’c%
-4 cn N(r1NO Nm .r4r4 Nt4 O 44 u 1 1t
|butzbe$}s¢h|anc5Qﬂu2 raanHCONE14 0 U O

L11N Q) 0 T e CPETRL 14T %é%%-% IR -

d KO : tJUrl rt .a'(}y UU-r1 U-rl U
I s ybOUOI (ON'" dUb O
N @»ﬁﬁsa Hh@emotdeéﬁeﬂfaH mentibﬁed0a56+ethdé Hbdﬁdeat
& O UUuUuUuoOuUb UUUU (%
6o 2 P.urs &P pr QVeRg gpdy §hRRy Srtabmct@ﬁ o
|a rs]al];]- slblra|§l Wekic éécbkdlh ~tolf1d-2-2371 Oa'i’i'd $1 N

-d OOU$4 OHO--1 40 >1 1 04 0014 000RQ
0 phemedyp @heﬂt@tépif OOOr-l 1( -4-4U,4444
b 'Einc1é£nce 6% whlte rusé éas observed.

<Evaluation criterions

'~ © = The 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
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 Qhole area
(5) Fingerprint resistance
A test sheet treated as mentioned above 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>

© = OL is less than 0.5..

vio' 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
A treating agent was allowed to s
the stability of the

tand in a

constant témperéture chamber of 40°C,



w O 44 44 d-1 4-1 +N4J CX 4-1 t" 4-1 4 OmO03 91 U
0OO0rl a) O030f-1 NOvlI al 0%90 0tr) sd OOOTrn
14 14 VOi t Oft tt1 Olv OOfJ 1Jt 1 O aaw ~-;zs
Aw >1 "aw > '~n~, nA, X X X X X X $gX_X HU.,I r 1 a
INfrINO-tp. 1tGtoVN[~eNVTI 1t70 1'. W
00 ~+ UONOOMO .--~OWNC1WNOt "L Nw-~
(") pgerFtN\was7errluated bycdaysrwhighjelapsed pptil|the agent
to wg %\IO\IOrl N (fl --wtor I N(nVNwtbtT-4
O 000 86 0 1-4 V-4 -1 EEOO0OOUUUY UVOU
tJUU i.) ri) OtEvaludtflon eriteriom»QMUIOrxi :44inva
AWO r 4nLKan~ OUV HUto[4 NGNHvL r-i .Q
p -4 NmLn wr n“ft%%f%l(SW%Qflé(‘fcmra NmQ L wl-
O CAHHr-1T 1 Hr-1,r-1 NN @I .
272227227z o ({?J(?tolcﬁ’ fH%D abr:q) %gggatys Pr HPLF ?’ut less
Z22z272z272zz Z Z than 120 days
A = Gelation days are 60 days or more but less
than 90 days
X = Gelation days are less than 60 days
10 Results of the evaluation tests

15

20

25

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 to that of the chromate,

electrical conductivity and heat resistance equal 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 to 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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conpar ati ve exanpl es
El ectric Heat Finger
resist- print

art part ance No. 1 (c) O (c) Qo (c)

Op OppoO

- St abi -

EG. r s

Z22z2z2z22z22z2z2172T7.

2 2 2 32 Table 4 Eval uation of exanples and
of Enbodi nent 1 Corrosion

i stance conduc-

lity Plane Wought tivity ance resi st
Co No. 200 Qo

o 0 Nable 4c)Evaludpion ¢ ¢éxampleanpiéd dompargclve cgxamples

(c) 00 (¢ )O(c)l\lo6(c)0(c)0
0 00 No. 7 (c?foért'b?g’o‘“ 130. 8 (c) (¢) (c) (c).
(c) (lc) Conparative|[O 6);1@@si<or0 A'| meatifileq Heat Finger- | Stabi-
Conpar at i ve 8 X X 01X esiexamgH e |Zooaugpar|atsisvet A peiotO | lity
X 0 |exanpl €3 Conpareatne ¢ wooughX DEifedy O aaxanpl erebist-
Tabl § 5_Eval uation oOfeaekanpkes arjd conparjative |ance
exangl es 5 lofNEnbodi n®nt [1. @rrdsi o® Fl dct r®c Heat © ©
Fi nggr- Stabj -NoGF2r esi©t ance @onduc- G esilst-@prijnt O ©
lity | Plane \Npught 11i@ity af@e rlesi@ arlt | anc® ©
No. 9:0.0/Q0N:)40 N& 10 0 00 ® 0O INo O11 )0 ©
00q (c) Aepl® N0 0121(c)O(c) 0 @0 No @3 0 0 ©r) ©
0 0 (o) No. 6 ©) o] © @) @] ©
No. 7 © @) ©) o o @
No. 8 @) © © @ © ©
Comparative 0O 0 © % O A
example 1
Comparative A % X A X X
example 2
Comparative A X 0O o) X o
example 3
Comparative 0O A e % o) e
example 4

Table 5 Evaluation of examples and comparative examples

of Embodiment 1
Coxrxosion Electric | Heat Finger- | Stabi-
GF resistance conduc- | resist- | print lity
Plane |Wrought | tivity ance resist-
part | part ance
No. 9 O @) © @) © ©
No. 10 ®) @) © @) o ©
No. 11 © o 0) o ®) ©
Example |No- 12 | © © o o @] ©
P No. 13| O o © @) O ©
No. 14 © © © ®) @) ©
No. 15 © © Q © Q [€)
No. 16 © o © © 0] ©
Comparative
example 1 O O © X O A
Comparative
example 2 O @) X A X X
Comparative ©® o o o X o)
exanple 3
Comparative
example 4 © A X X © O




No. 14 OO (c) 00 O No. 15 O(c) 0 (c) OO No. 16

(c) OO (c) 0 (c) Conparative OO0 (c) X Oexamle 1
Conmparative 0 0 X A X X exanple 2 Conparative (c) 0O

0 X0 exanple 3 Conparative (c) 39X (c) O exanple 4

33 Table 6 Eval uation of exanples and conparative

exanpl es of Enbodinment 1 Corrosion Electric Heat,

Fi ngefabl obi -EvaNlyatien ok cexapiirs andjeemparafpive examples

lity Plane W %&yﬁ* ce resist art part ance
1

No. 17 OO0 0 (c 0 00 G 0 No. 19 (c)
(c) d O O Exanpl e Np. @drrpejorl) (q)ElécHricq)iept) |NOng@d- | Stabi-
OO0Q O Obhp 22 0D Qrgsdstérgde (d)cofidyc- es 28 [riot lity
No. 24 Co OO Qo 0 O] PCempaqiadught |GiOLGD X a@CA epapvibe
1 Conparative 0. Q X| Xakt e¢pantn|l e 2 Conparlatiyve (pance X
O exanple I ®onddrhtiQe O OX X[(c)0 xar@e 4O ©
Tabl § 7 Evaljulei df bf pl €2 and cEhparlat iQe &) ©
exangl es 5 joNoEMoli@nt [1 © @) @) @) O
Example -NO- 20 o @) © @) © ©
Pl No. 21| O O o © o ©
No. 22 © O @ © @ €]
No. 23 © © o © Q@ ©
No. 24 ) @ @) ) Q ©
Comparative
example 1 O o © X O A
Comparative
example 2 O VAN X JAN X X
Comparative 0O A 0O o % ')
example 3
Comparative O A X % © o
example 4

Table 7 Evaluation of examples and comparative examples

5 of Embodiment 1
Corxrosion Electric | Heat Finger— | Stabi-
GI resistance conduc—- | resist~|print lity
Plane | Wrought | tivity ance resist-
part part ance
No. 25 |~ O © o ©) @) ©
No., 26 @) o © © © €]
No. 27 g) o 8 g 8 g
No. 28 O
Bxample oo 285 | O o) © ©_ o) ®
No. 30 @ <) © © ®) ©
No. 31 © © © © ®) ©
No. 32 © ©) @] @) 0] ©
Comparative o o ® % o A
example 1
Comparative
example 2 @] A X A X X
Comparative o A o o % o
example 3
Comparative
examnple 4 © O X X © o
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pri nt
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lity Plane Wought tivity ance

resist art part ante G0 No. 25 O(c) 0 (c) 0 No. 26 O
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(c) 0 (c)
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No.
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Q%annple No. 28 OO0

No. 30 (c) O (c)
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X A X X exanp
Conpar ative (c?
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0 No.
No.
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exanple 3

Yy ance

r esi st
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(a), ofi rn:laamnmtl din;t A m::‘enmnﬁmae e lans: toreatdneg metallic

agent, (EZ!SI least Zhe sé&eé%ed from Ti, 2r, Hf, V, 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
of 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
condensation 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




10. The surface-treati ng agent according to any one

of clains 1 to 9 wherein a colloidal dispersion (E) of
10 the sinple substance or conpound of at | east one

el ement selected fromSi, Zr, Ji46Sa, H, Ce and Nb
is conmpounded. 11. A process for surface-treating a

tal i Lal_which i ses, appl yi.ng. th , o
Sur { L5 BYRFRETueET SRRt dacehanhy RoLany SRRePRpsPhoric acid
cl ai mes leb@pd@naadp the surface of the netallic

material, and dr%ing the resulting surface-treating ,
agent to f3rm alk®atVhfRee—treating APeNhPRECTdRRerHR claim 8

o Pordn Sl o hngiacend 62 6 s () e
5 the content of Si derived from the functional group (a),
in a coat obtained from the surface-treating agent,

(D)/si, is 0,01 to 10,0,
10. The surface-treating agent according to any one
of claims 1 to 9 wherein a colloidal dispersion (E) of
10 the simple substance or compound of at least one element
selected from Si, Zr, Ti, Sn, Hf, Ce and Nb is
compounded.
11. A process for surface-treating a metallic
material which comprises applying the surface-treating
15 agent according to any one of claims 1 to 10 onto the
surface of the metallic material, and drying the
resulting surface-treating agent to form a coating of 10
to 3,000 mg/m? in terms of SiO;.
12. A metallic material surface-treated by the

20 process according to claim 11.




