10

15

20

25

1 [Docunent Type] Specification [Title of the

I nventi on] SURFACE- TREATED METAL MATERI AL AND
PRODUCI NG METHOD THERECF [ Technical Field] 5 [0001]
The present invention relates to a surface-treated
nmetal material and a producinb nmet hod thereof, and
nore particularly, to a netal material subjected to a
[Doconentfliype] Specifiadodir eat ment that is excellent in
corrosion resistance, heat resistance, solvent

[TRRI Tt B enttbn) SURFAIGH-TREATE TS METATIMAXER AT VANDAPRODUCING

resistance at the tinme of formng, and 10 dreg

ngﬁ]@[ﬁ}p@w a producing nethod thereof. Priority

I's clalned on Japanese Patent Application No.

. 614, the contents of which are incorporated
[ﬁg&g{cgpﬁvﬂdjeference. [ Background Art] [0002] 15
Generﬁ)blg%{ there has been used a nethod of performng
a chr 19 treatnment on a netal material surface by
the use of a process |iquid having excellent adhesion
t o a Thepesenianvention relatesita asutfact-tredted metahulategiahand a producing
chrom c acid, dichromc acid, or salts thereof, as a
nhethdhthereof, fand nprre particulgrly, @6 b asstalindteddl Stbjeeted to a chrome free
fingerprint resistance, or the Ilike to the netal

SUFAE tratm &t tha Geexcélentar &dtkdsion € ARGhEES hédl Fesidiaice Ssolvent
chromate treatnent filmincludes a | arge anount of

rE93th e Sa gﬁﬁﬁ}sﬂig‘% '&tsliﬁfﬂﬁﬁﬁml%@, %glgefg@‘}gsi&%tfcgtaggﬁgime of forming, and

techniqué using a non-c usa

bst.itute of a chromate film has been devel oped due
d?%%%ﬁ%%@n%%%@”‘*%%ﬁ%%%% reo such a non-chronme
based_surface treatment techni que,. for exanple there
have DRRHLYRHERANGN f9papese Ratent ApplicgtionNao#fUgr309614, the

applying a treatnment using 25 inorganic conponents, a
crptents @f shichase yicarpomtgthbarpindyacferansenent , a net hod of
2 applying a treatnment using an el enentary substance
[BacksrdumdeArtjoupl i ng agent, a method of applying a
organic resin coating treatnent, .and the |ike. [0003]
As a [ogebpi que mainly using inorganic conponents, for
exanpl e, 1 n Patent

Generally, there has been used a method of performing a chromate treatment on
a metal material surface by the use of a process liquid having excellent adhesion to a
metal material surface and mainly including chromic acid, dichromic acid, or salts
thereof, as a technique for providing corrosion resistance, fingerprint resistance, or the
like to the metal material surface.

Recently, considering that a chromate treatment film includes a large amount of
noxious hexavalent chrome, a surface treatment technique using a non-chrome base
usable as a substitute of a chromate film has been developed due to concern about
environment.  As such a non-chrome based surface treatment technique, for example,

there have been known for practical use, a method of applying a treatment using

inorganic components, a method of applying a phosphate treaiment, a method of



5 Docunent 1, there is disclosed a treatnent using a
nmetal surface treatnent agent containing a vanadi um
compound; and a netal conpound including at | east one
kind of netal selected fromthe groups including
zirconium titanium nolybden tungsten, nmanganese,
and cerium [0004] 10 As a technique mainly using
applipga Esepenhysing/anelempater sesudstehes; ofi silaRatcemling agent, a method of
Docunment 2, there is disclosed a treatnent of a netal
appbdng a sigagicansingosingdreanhett] o the iké.ai ni ng an or ganic
functional silane with | ow concentration and a
cross{0003fi ng agent, to provide tenporary corrosion
protection. Also, in Patent Docunent 2, there is

O TR L A8 SRR i e gy
' . S ' . [ 0005] K¢ ,
c BRURA0 SRR OREeh il B8] o AR

C;é))r duci n% a ..non-chro based steel sheet havi nﬁ; ]
CREUPRAL yp spwRovns pad a metal samppund ingludingaat lasst one kind of
fingerprint resistance, blackening resistance, and

eefak selrgteddras thereroypsdpgnding girqoniumt titaeiv@) nmolpbdempmt, tungsten,
agent containing a specified resin conpound (A), a
manganesecandrerinane resin (B) having at | east one kind

of cationic functional group selected fromprimary to

terti f0Q04] am no groups and a quaternary anmoni um base,

one or nore kinds of silane coupling agents (O

0 Dot SO A ey o
QSR AR (YIRS IS5 P RO BIE b ous st

ranges. 3 00Q6 Pat ent Docynent 1 Japanese L.

%@3&?& ?féafg%% 3&\‘10“%5% Siﬁe'aft Waﬁffow%&ten 0y angh g gspss-ligking agent,
2002- 30460 [ Patent Document 2] US Patent No. 5292549 5

tp peavids temperarepRrrjonrplsatien  UhlsedniPateat Pacwnent 2, there is
Application, First Publication No. 2003-105562

dewiribefl ematkodvin which thevoeossilinking fenbiresssliks theorahiv danctional
by the Invention] [0007]

15  silane, thereby forming a dense siloxane film.

[0005]

For example, in Patent Document 3, there is disclosed a method of producing a
.non-chrome based steel sheet having excellent corrosion resistance and having excellent
fingerprint resistance, blackening resistance, and coating adhesion by applying a surface

20  treatment agent containing a specified resin compound (A), a cationic urethane resin (B)

having at least one kind of cationi; functional group selected from primary to tertiary
amino groups and a quaternary ammonium base, one or more kinds of silane coupling
agents (C) having a specified reactive functional group, and a specified acid compound
(E), in which the contents of the cationic urethane resin (B) and the silane coupling agent

25 (C) fall within predetermined ranges.
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10 However, the known techniques do not satisfy all of
corrosion resistance, heat resistance, fingerprint
resi stance, solvent resistance, a paintability, a
sliding nobility, danage resi,stance at the tine of
form ng, and dreg resi stance. Sl n addi ti on, the known
techniques still have a problemin practical use.
[ 0008]00065 As described above, a surface treatnent
agent usable as a substitute of a chromate fil m cannot
have ERatentEenmebt HiJapthebyUasaninédPalei AGGH cERGE Pirst Publication
Accordingly, it has been demanded to develop a
NaIrhezsosgEat mrent agent and a treatnment met hod
thereof, which can totally satisfy all of them [0009]
20 Th%a%ﬁiﬁﬁ 'thvgrtﬁs PReRAR .b.i%@ﬂsl@de to sol ve the

| ens, and

af orehenti oned pro as” an object of
provi di.n net al terial.  subject to .a chrone_free. . .
urt oty DoffinRe e yR ot Pupn Applgian ElrgPublication

esi heat resistance, fingerprint resistance,
}ébébé%iggﬁggistance, a paintability, a sliding

nmobi I ity, damage resistance at the tinme of form ng,
[Bisgloswieaf theekiventionde. 25 [ Means for Sol ving the
Problenms] 4 [0010] The inventors have nmade a cl ose
[Biobltynstto bedoheditiyehalmeati@i]t i oned probl ens. As a
result, the inventor has found that an aqueous netal
sur f app@oyy eat ment agent which is obtained by

conbi ning two kinds of specific silane coupling

agent FowkRG! dikigwa @ec(ﬁhg]ggé &(} rlx(? s?id#gt%ﬂ%f %?Hgﬁgﬂ] gegfsg?ae, heat

containing two or nore ecl I'onal” "gr ou

§ i.fic hydrophilic functional gr S, »
Pt ARl Sfid e SV B Bstsher ¢ Raineab e S64BE mabirey,
vanadi um conpound (Z2).,. and a |l ubricant (J) .is applied
dighaes trSistaneepidh fims S foraing. pad regaesiskacs. s lapddigondhe knovm
forma conposite filmcontaining the conponents,
tachaiauesystilbhavgiatirpbjem in prastioalasé.r ee surface-treat ed
netal material that can satisfy all of corrosion 10

resi si08f8k, heat resistance, fingerprint resistance,
sol vent resistance, a paintability, a sliding

mobi | A$ YescelBebaiR ve o5 bififae Gatifent fifent 14B1OLs f QWG of a
and dreg resistance. Consequently, the inventors have

T 1y S RO ALY oy A GHEETERS! Mcrding,
it'had Blen demanded to develop a surface treatment agent and a treatment method
thereof, which can totally satisfy all of them.

[0009]

The present invention has been made to solve the aforementioned problems, and
has an object of providing a metal material subjected to a chrome free surface treatment
that can satisfy all of corrosion resistance, heat resistance, fingerprint resistance, solvent
resistance, a paintability, a sliding mobility, damage resistance at the time of forming, and

dreg resistance.

[Means for Solving the Problems]
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15 fornmed on a surface of a netal material, the

conposite filmcontaining: an organic silicon

compound (W having two or nore functional groups (a)
represented by Formula SiR RZR3 (where each of R, RZ
and R3 represents an al koxy group or a hydroxyl group

i ndependently from each other, and at |east one of

t hem [@dPksent s an al koxy group) and one or nore
hydrophi lic functional group (b) of at |east one kind

sel ecTheidventorshaz0 nindd makyse sgrdyup s¢lae thedifarepentoredproblems.
di fferent fromwhat can be included in the functional

AN PteBult, ahd indBtoPRasHBUAPHEL Atiiueblls RefAPhffadt Geathd?@t agent which is
organi c silicon conmpound (W having an average

d(igg%ﬁa??ﬁ ne cog‘_p E](ggdg?’%]g e%%gehé C?!Irp m@%ﬁ&m@ ?ﬁ%gﬂhﬂg an organic
S??F&é%ﬂ@%?ﬁﬁ@ﬁ@ﬁﬁ% i éﬁgﬁﬁ%%e%%o?néu{n'gf?%ghsd%%m or

J) 25 o
rﬁ(pergétaecgtg PPIHE W%%é%?%4ép%ﬁgqﬁéo§m?o§g@ ®om osphorlc acid

wax, polypr opyl ene 5 wax, and polytetrafluoroethyl ene
(Xdch Yeaedianmeamhpaund (2), agé 2 ubricant @) isiappliest oro @ surfacecof a metal
1.0m and a softening tenperature of 100C or nore. The
roategrdaliand $8 driezioto fomp oongosife\Wlm sontdihiag tedcodmyponents; thenehy
a silane coupling agent (A) containing one ami no group
dbfainidg ARhRSTHALE frad Surfactitteat@ rR@HPhAtRHalaBA hn 6R)sfy all of corrosion

contalnlng one glycidyl group in a nolecule, 5 at a
)
RSB R A it oty b,

ng. condi.t,ions [e 1)
10 popiBish P R Ry I 8 of s SR i 5%%%&-

i 1icon. copppund and the fl uorl ne.conpound (X) is
oSt BB PG Ve mads e RAF§EDBIRYSRHO. (2) a sol i d
content mass ratio [(Y)/ (W] of the organic silicon
compolMd1{wW and 10 the phosphoric acid (Y) is in the
range of 0.03 5 [(Y)/(W] 5 0.12, (3) a solid content
mass Asurfacd-(rZdted Wetal ofatdriad ob thgdanventien inchales e compaosite film
(W and the vanadi um conpound (Z) is in the range of
forfdél én § fuifdce \OF b nfetalGndtérial( the campositedfilaDdintdihingP&organic silicon
ratlo [(Z)/(X)] of the fluorine conmpound (X) and the

Xm Ao bope ﬁJBcﬁ(;}Fal %ﬂ)ﬁh%? (@ represtnfed by Formula

and 15 (5) a sol content mass ratio

b
élfa"l% ¢ s%;%%% PRS0 %‘%ﬁlaséa*%%k%ﬂ%éﬁbf% PhAREA group
PSRRI S, S TSR i o s
The conposite filmmy further contain at | east one
qae9f mere aydrephilig @my@gn@l greyp (b) of at least one kind selected from a

hydroxyl group (a hydroxyl group different from what can be included in the functional
group (a)) and an amino group, in a molecule, the organic silicon compound (W) having
an average molecular weight of 1000 to 10000; at least one kind of fluorine compound
(X) selected from titanium hydrofluoric acid and zirconium hydrofluoric acid; a
phosphoric acid (Y); a vanadium compound (Z); and at least one kind of lubricant (J)

selected from the group consisting of water dispersible polyethylene wax, polypropylene
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20 selected fromthe group consisting of cobalt

sul fate, cobalt nitrate, and cobalt carbonate, in

which a solid content mass ratio [(C/(W] of the

organic silicon conpound (W and the cobalt conpound

(C isin the range of 0.01 t¢ 0.1. [0013] Film

wei ght of the conposite filmafter drying may be in

Ve and pglytesratlyorsthylene and bas mnEnerghedge partidlbaizewif8l01 pm to
mat erial nmay be a zinc-based plated steel sheet.

[-8omandx snftching tefiperatuteici 109°@ o8 uidh@ C EFld @@k siBébompound
material of the invention includes the steps of.

(@ippis pbtadnedrbyagueinitg Bflale oUpliae t ; , :
satisfying the fol low ng 5 e °¥’%§’?_C?“§§5‘%“2@§%m%%’t°ogf°up n
HmBKEAIRGR] ﬁfsil%er%h?ﬁn egg deBaltcnn?ﬂ-g%éj&%' é\ggtfi%egrgw fia molecule,

met al surface treat nent a arr

S EBRELEMHRE s AR RUEEIEEOS 0 17 Moo ommomenss of e
Y I f
St e’ 68 eying sonfens D odahprmnanely havi ng

two or. nore functional groups (a) represented by

For nuf’ asolideeniratrmaasswriay KX¢EWD] affthedrgaiiz sdivdn R8mpound (W) and
regregents an al koxy group or a hydroxyl group
thewhegrénecontriopnd (Xnis datie raddeast 0.0l [(X)/(Wopsto.ome of

them represents an al koxy group) and one or nore

hydr o ialsblid botertinessa katdy [PVR(WH] cﬁ*tthéh %&‘ﬁc Qpﬁoﬁ E&gp&mi (W) and

selected froma hydroxyl group (a roxyl grou

tiid iHospledHc Jc;@g)v@ﬁ{mg%gg%fbmgléljﬂ?g/(m %@ﬁlzf uncti onal

group (a)) and 'an am no —group, e, the

or gang L 1: [ 15 an .average
ot eo P Eatet SIRTERE 12 qrlss e e sfied @hRpovad (w) and
I h.Nne conpou X), .selected fromtitanium
ﬂ{?y‘%?'é‘lthf"ﬁlocrof[% agzlg‘ﬁ)é“ the ranggiof 4= HEY(Wal £ 8.13ci d; a
phosp&gri c. acid (1); a vanadi um conpound (Z); and at
| east(*hA&CKY FRNtens prase eatio (2 boftbe Suofinommpraind gKpapd the
consi sting of water dispersible polyethyl ene wax,

Vi epmpeuns (K3ix in thedtangel of tlet £ {A)MKYeekbyamne and has

a nunber average particle size of 0.01 mto 1.0 m and

20 a (Sph salid comtdne Bpass Ao [E)/OW+I00G- D) of Bk %brfc%)lngoqm @nd the

organic silicon conpound (W is obtained by co ni ng
orgasiclsiiten ¢ ' 1R 6 L | i

group in a%{)gﬁ‘gﬁand %&%Icaﬁlgb@%&]ugpgﬁgr@é)%&? fgfld (¥), and
th6 VRhA itk 20 ' 2B ' 55

solid Icont g%tﬂ&nn@gQéq% g%/l 891"%%# P@f]% IZ'B/ (W%%Sﬁﬂsﬂu

[0012]

The composite film may further contain at least one kind of cobalt compound (C)
selected from the group consisting of cobalt sulfate, cobalt nitrate, and cobalt carbonate,
in which a solid content mass ratio [(C)/(W)] of the organic silicon compound (W) and
the cobalt compound (C) is in the range of 0.01 to 0.1. |

[0013]

Film weight of the composite film after drying may be in the range of 0.05 g/m?

to 2.0 g/m?.
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25 (3) a solid content mass ratio [(X)/ (W] of the
organic silicon conmpound (W and 7 the fluorine
compound (X) is in the range of 0.02<_ [(X) /(W] <_
0.07, (4) a solid content mass ratio [(Y)/ (W] of the
organic silicon conpound (W ‘and the phosphoric acid
is in the range of 0.03 <_ [(Y)/(W] <_0.12, (5
a sol Tht wotat waterinbmay bad zimcfhazdd glwell stetl ghieet. or gani ¢
silicon conpound (W and 5 the vanadi um conpound (Z2)
I's inooh4] range of 0.05 <_ [(2)/ (W] 5 0.17, (6) a
solid content mass ratio [(Z)/(X)] of the fluorine
conpoNRgkiK AR & AR F el -
range of 1?%“3%9%‘%%% /a(é)(()ﬁ‘i{é@%&r\é%‘ib% anw %rgggfglgllﬁvd& Bn includes

L T T TR -
AT 0 R S e o s S

provide a surface-treated nmetal material that can

surface dregtmeant agsmt atcasrargval dempereiugg offthe shdet more than §0%(n ard less
fingerprint resistance, solvent resistance, a
thaai230 %D sé thaya fitm steighit imjinrthdianige vf 0.0amm20 ghmsdi st ance at
the tinme of form ng, and dreg 15 resistance. [Best

Mode (i ptheGauéotisgetahstrfhdietrdamvientiagent] confatid ] organic silicon
Her ei nafter, an enbodi nent according to the invention

cﬁnglkémﬁ MgeR dritndie hﬁicltionalgggﬁgpig]o(ﬁ)ztg})%&ﬁ‘éd l?y Formula

erials applicable to the in e not Nmte

SH@RERB l%(rﬁé %(ﬁclh %lehﬁmfrep}epgnr%% %ﬁ(gi grgﬁg?ér ggnyflirro?(?rl group

I'ron base oy, mnum - a

. r..c er based all and the like. In addition,

R R Hach BRET alt «Cbest BRe et By repmpengabalkony £roup) and
redeterm ned material may be used. A zinc based

Oht ek meredydeqphilicclispctianal grgup of gl leash pee Kigd (breeleacteddinm an
am)ngl vari ous kinds of netal material. The zinc based

hygopylarewp @thydroxyhgroup differtr from what qndiedrclsdeskin the functional
sheet, a zinc-nickel plated steel sheet, a zinc 8

groupifa)) had adlamimeedroad) &b malecild) thecdipaiie sificéd esmpdupd!(W) having
sheet, a zinc-alum num plated steel sheet, a

g L et 0O, OB AETORE oo 0O
se‘zilaﬁﬁf frof M&nq{ymﬂﬁﬂﬁb HBANGd izﬂ%lﬁhﬁth%%cﬁfu%ﬁlc aéi&?& Eahos@)horic
acid (Y); a vanadium compound (Z); and at least one kind lubricant (J) selected from the
group consisting of water dispersible polyethylene wax, polypropylene wax, and
polytetrafluorocthylene and has a number average particle size of 0.01 um to 1.0 um and
a softening temperature of 100°C or more,

(2) the organic silicon compound (W) is obtained by combining a silane coupling
agent (A) containing one amino group in a molecule and a silane coupling agent (B)
containing one glycidyl group in a molecule, at a solid content mass ratio [(A)/(B)] of 0.5

to 1.7,

(3) a solid content mass ratio [(X)/(W)] of the organic silicon compound (W) and
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al um num magnesi um silicon plated steel sheet, and the
like. As a small anobunt of 5 different netal elenents
or inmpurities, such a plated | ayer may include cobalt,
nol ybdenum tungsten, nickel, titanium chrone,

al um num nanganese, iron, Hggnesiun] | ead, bisnuth,
antinony, tin, copper, cadm um arsenic, and the |iKke.
thefbgusicompatied (35) is insihe mangs of i0102ca[(XM(VHT 8548,07and
titania may be dispersed in such a plated layer. In
addi t(4pn soliheoritentewmss catioi [6Y HOPY]i cfalyd erghiiic Bilichbh chidp@ind (W) and
plating in which plating 10 (e.g., iron plating,
therphospHgizRRRI O 1P lithe Rdhge BF 0108 1< [PlHWHP< 03nd cobal t

plating) different fromthe aforementioned plating is
conbi ' ] i i nj -
par 1 o sot Bt Rbkel AR ) O B e A siicon somppuge (W) and

ST GoReEibl B S8 spenatngs SEALBILE 0T 0 2t ng
met hcl_)@ anld vacuum gl a,tiék% net hod. 15 [0018] In the
chr ori? & Splidepntsryt maserafip Je)4eC) ek the flating campaynd (K2 and the

i nvention, an organic silicon conpound (W that is an
vaRdam pempeundddis in thefrangs ofduies (E)IEY ot 6 Sparfdace

treat nent agent is obtained by conbining a silane
coupl{ifhy selgbeuntdnmasornatiail ()00 +Z)roNihe Galaidant (7) dod the
nol ecul'e and a silane coupling agent (B) containing
camgor@hiseixeetit ey RbRcad (J) s A (A} : ' d
mass rati oéﬁ[(A)/(B)] (()2 0.51to %%.?O?%ﬂ%mﬁfﬁg%ﬂ‘o'”'

[Effdctsf 1 IntvBRtig] ane coupling agent (A) and the silane
coupl i ng agent (]B) as a solid content mass ratio is

neceiﬁgqgly in the range of 0.5 to 1.7, preferably in
t he angé of 0.7 to 1.7, and nost preferably in the
range, of 0.9 to 1.1 \ep the solid content mass ratiq
[ CA) A Bppssible 1 prividenspriges rested, gsiabmatenial i carponiety all of
bath stability, and dreg_resistance remarkably 25
Coesiopgeustange, éﬁat resistancedingemri resist@ees obvest tesistanes d,
when the solid content mass ratio 9 [(A)/(B)] is nore
paintability, 7 slidiag enobilityj danzage ecsistarae hathetinttosf foasing, andhdrep
is not preferable. [0019] In the invention, the
resistancee coupl i ng agent (A) containing one am no group
ina nolecule is not limted particularly, but nmay be
[B2staibe Rir@uryidd Ohi X Yifvehat) and 3 5
am nopropyl tri net hoxysi | ane by way of exanple. The
silexgbﬁﬁupling agent (B) containing one glycidyl
grouE In“a nol ecul e may be

S PR IS RO RO 0 it b oo n deti
[ 002%017]

Metal materials applicable to the invention are not limited particularly. For
example, the materials may be iron, iron based alloy, aluminum, aluminum based alloy,
copper, copper based alloy, and the like. In addition, a plated metal material obtained
by plating a predetermined material may be used. A zinc based plated steel sheet is
most suitable for the invention among various kinds of metal material. The zinc based

plated steel sheet may be a zinc plated steel sheet, a zinc-nickel plated steel sheet, a zinc-
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A net hod of producing the organic silicon conmpound (W

is not limted 10 particularly, but nay be a nethod in
whi ch a silane coupling agent (A) and a sil ane

coupling agent (B) are sequentially added to water

wi th substantially pH 4 and afPe mixed for a
predeterm ned tinme, by way of exanple. [0021] |In the
irgngdaied steélishedna zinoqobronek [{Ipd tieal shest, ARine sh@finual plated steel
conmponent of the 15 invention, the nunber of

shewnct diaaatanging F;med( sidel KIGRE, QSN @b o i pIat dasedl She2 Binc-
(where each of R-, 3 and R3 represents an al koxy

n?énggrﬁé’sg blafedbieh Qokt a%%ﬁ%%?%ﬁ% ﬁ)tlzitéc? &Eéail%gge)gya zinc-

and at | east one o S an a

' S | I, _Nore n the nunher of
Rl SprR GRS Mol M3ics el UK 1 2ASarlamsont of
dﬁTf’ mit al terial and g filmformng property decrease

dentimrtal flementses impuities. sueh 2 Blated layey mayaneludeeqbals

carbon of the al koxy group in the definition of Ri,
mepybdgpumpyngsten, ickel, titaniironelironge,clwminum, insanganese, inirt, ed
particularly, but is preferably 1 to 6, nore
magaésturaplesd, bismwh Antiartiy i coypesf§ cad iy, sksedic, and the like.
According to the presunption of the inventor, the
Incegaiamateriakauchhedlisn, ﬁﬁhﬂﬁzﬁ a6l @itdhiPal BE i
is short, the nunber of binding per ayunidtﬁbgl?gm?ér?%aplawd

149eM bh RAEiRen 1R RAnGET ) E@é&?kﬁb?ﬁﬁé-@%ﬁ g&tﬁﬁq%gf V@S ﬁating

metal 25 material 1ncrea SIo
fi I eet, j.ncreases. ..The 10 . nunber .of

(G S B bR og oS iR Plaite g apoo DR Bjerent
sel ected froma hydroxyl group and an amng group. is
P Sibata Plaiog ¥ somTieel ok Blatine mepdds dpdaited

mol ecyl ar wei ght of the organic silicon conpound (W
P?@Cﬂéalésaélﬁf gy, be preferably e gay stethotogfahe knoveoelectraptating method,
preferably in the range of 1300 to 6000. The nol ecul ar
mghinginlatigineethod, depositieon plating edthody disparsian plating wiethal, and
pref erably obtained by any one of direct neasurenent
vacsumcplatingGhetBd. et hod and conversi on nmeasur enment usi ng

a chromat ography nethod. When the average nol ecul ar

wei gliboigy | ess than 1000, water resistance of the

formed fi'l mremarkably decreases. On the other hand,

when iLaht |s. t han.10000, .
T e R e U Bled il gl gD o 2Ry a0 organic
. ani.c silicgan conmpound. . [ 0022 In_a conbi ned anount
S afnchig A QG B vkt e OF s us oetal Surtaos

c onent .of the invention, a solid content mass ratio
tr‘fag';)g?t(a&ﬂ“ ip pbiagned by Fambining g sidae coupling agent (A) containing one

)

amino group in a molecule and a silane coupling agent (B) containing one glycidyl group
in‘a molecule at a solid content mass ratio [(A)/(B)] of 0.5t0o 1.7. The combining ratio
of the silane coupling agent (A) and the silane coupling agent (B) as a solid content mass
ratio is necessarily in the range of 0.5 to 1.7, preferably in the range of 0.7 to 1.7, and

most preferably in the range of 0.9to 1.1.  When the solid content mass ratio [(A)Y(B)]

is less than 0.5, fingerprint resistance, bath stability, and dreg resistance remarkably

decrease, which is not preferable. On the other hand, when the solid content mass ratio
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conpound (W and the fluorine conpound (X) is

necessarily in the range of 0.02 to 0.07, 15

preferably in the range of 0.03 to 0.06, and nost

preferably in the range of 0.04 to 0.05. Wen the

solid content mass ratio [(X)/ (W] of the organic
~silicon conpound (W and the fluorine conpound (X) is
[(A¥EB)]tihmaerothan 1.7 matendesistinsn remhdrkably deerpasss:eviieh 1sgfot preferable.

corrosion resistance) of the fluorine conpound does

not 4ppEdr, which is not preferable. On the other

hand, when the solid content mass ratio [(X)/(W] is

nor e 1h BainPeion, # sRakd QuPBRE Sxedt (LY @mBSShE Bnd4imino group in a
performance of application appearance deteriorates,

mfRoR is hot 1Ithod b ENRR) oy il B andiflro SRBRIRDSIARB AL 3-
conponent. f the inventin, a .solid content ,mass
arpigoproPY Hxjnetiayeysifane DY vy o SarRpI8; | The A0S CuRling agent B)
- and th sphoriic acid is_necessarily_ i.n the .
cq(ng\@l@g gpe eﬁ@%m graypiD a rrml%qvéé %(l)sy <Brelyc @%ypf%‘\édtﬂgw&g’xysﬂane
of 0.05 to 0.12, and nost preferably in the range of
argl, Helycislogynropylimethexysilaneoby wag ofiexameplemss ratio
[(Y)/ (W] of the organic silicon conpound (W and the

phosgbedlc acid (Y) is less than 0.03, the addition
effect (inprovenment of corrosion resistance) of the

phos pbfettfodaFipfodiRRig th®breaiie 8ficon WBnSHudd( WOk not limited
pr ef er abl e. pre? heﬁ%t her "5 hand, vvhe% tl$:( sol i

d
pEATUEN. ibgg‘?l?%;r?ifa??:°d&‘fa‘pé‘/r“"§@ ?E@“@ﬁﬁ?‘%@%ﬁ%@m a slane
i ich i. 2. 4 ,
<G BRE R RO SRt Phac i nE S sublafHly kit B are mixed

an essential, .conponent_ of the invention, a solid
fog g predictermuned time.ity WRYAIX@Pleot t he organic silicon 10
conpound (W and the vanadi um conpound (Z) is
neced9@tklly in the range of 0.05 to 0.17, preferably
in the range of 0.09 to 0.14, and nost preferably in

t he ratgpeorginid silitonh oompPouird. (Withat it he essehtial compoxamg of the
mass ratio [(Z2)/ (W] of the organic silicon conpound

inb¥iitiong i riulkbey BN AfictioRE QRFNPS () répfsanfed B ForhbRIBIR RR® (where

the addition effect (corrosion resistance) of the

ea¢RRDRG! gt moﬁfesféséé%mg%xy thouﬁ gs? 8 %ggﬁ?ﬂ &hup fn_dggéndenﬂy

pref erabl e. 15 the other~ha he sol i
rGRRRER biE 33 Bl opé L el rbpte Sl Lk 8 s nBE8slarty o
o) rgxgrfe? ' %Hleen' thL %%%Ll‘ of functional group (a) is one, adhesion to a surface of a
metal material and a film forming property decrease and thus dreg resistance decreases.
The number of carbon of the alkoxy group in the definition of R), R?, and R? of the
functional group (a) is not limited particularly, but is preferably 1 to 6, more preferably 1
to 4, and most preferably 1 or2. According to the presumption of the inventor, the
reason is that when a carbon chain of the alkoxy group is short, the number of binding
per a unit area in O-M binding formed between an alkoxy group and a base metal

material increases and thus adhesion between a film and a metal sheet increases. The



10

15

20

25

The vanadi um conpound (Z) of the invention is not
l[imted particularly, but may be vanadi um pent oxi de
V205, metavanadi c aci d HVQ3, ammoni um net avanadate, 20
sodi um et avanadat e, vanadi ughoxyt richloride VOC13,
vanadi um tri oxi de V203, vanadi um di oxi de V02,
vanadi um oxysul phate VOSO4, vanadi um
nompercesiay leastame kirndoof hydrapa{liedhpgtionaipokz it seheated diomma hydroxyl
acetyl acetonato V(OC(=CH2) CH2COCH3)) 3, vanadi um
gtdupahl ah athénoVEEdbGp isprefe bV arast midre i biydtialeeuleandntdverage
like, by way of exanple. In addition, pentaval ent

MR WaSHR BPOK e ARYsi BN @eieRad [Wh & Ric¥ahSRlin R Rge of

tetraval ent conmpounds by an organi ¢’ conpound “havi ng

1 Qﬂﬁtokl' dﬁGO Qafnd éfgltab&]ﬁ Itlhegrrgﬁg f123 Oﬁ% 866G d "I’ F‘lﬁar weight

oup con'si sting o group a carb

h&ﬂsug oftR Byt Bl sROETRly ot ntHy ar%ﬁa'?gﬂracta

hosphorlc acid group. [0026 5 I.n conmbi ned anpunts
n@ﬂsqrﬁmemlua@guaﬁ%o M BgHed arg canversipr measERmMenhusing a
corrpound (Z) that are essential conmponents of the
hnowatgraphy metbad. i dWbemthe nyvemaps motestiiap wejghZis/1¢s€)tharot 000, water
the fluorine conpound (X) and the vanadi um conpound
résitancs ofithedomadd filyh remarkabby dedfeges0f O tBe btheBh&hd, when the
preferably in the range of 2.5 to 3.3, and nost

apérﬁéeelh@féEMai Weilph€is R QﬁthOQO fit @Elﬁ:‘ﬁ@ul@to 8P nidior disperse the
sol1d content mass ratio [(Z)/(X)] of the fluorine 1

&EHR t he vanadi um conpound (Z) is less
%¥§b% %@ acjo'liti on effect of the vanadi um
conpﬁ@ﬂg%](Z) does not appear, which is not preferable.
her hand, when the solid content mass ratio
[(2)/(X)] is rmrethan 6.0, bath stablllty decr eases

whi ¢ hijacomined amount pf the ﬂ[“GUWmeH‘BmM& 1S %@ﬁ@ewﬂ

that is an essential conponent of the invention is
corapensahef thy invgndorkjarsdlid epnientanass rain iKY (WYdbefithe organic silicon
consi sting of water dispersible polyethyl ene wax,

campyyprdd(W) andeheAuorirenanpoupd €X) Binecmsaty hyﬂ'errengea:rfd).oz to 0.07,
preferably polyethyl ene wax. The water dispersible

plefdtabl§an thesdfige G¥D.0WbYRIE) he BfstEréfersh mﬁﬁﬂﬁe rarfped 0496 0.05.

solution to be wuniformy dispersed,
V@*‘J“?‘ﬁn% AL oot eé,‘*‘?‘éssﬁaﬁﬁ Eﬁ@’ Liithe %@ﬂﬂ@%‘;‘?@ﬁﬁﬁﬂm’) and
neces \fgﬁ?*ygﬁ%}%‘ @ﬁés egsh gf Oﬂ%ftdg%ﬁflt @Q i Ca?ﬁovérﬁzdm of
st Bnstinodordis e crmao cgéé?o ;S'gF %591{9“% whichds gt eipfprable.
Oinsthg S'FhCr hand, when the solid content mass ratio [(X)/(W)] is more than 0.07,

performance of processing or performance of application appearance deteriorates, which
is not preferable.

[0023]

In a combined amount of the phosphoric acid (Y) that is an essential component
of the invention, a solid content mass ratio [(Y)/(W)] of the organic silicon compound

(W) and the phosphoric acid (Y) is necessarily in the range of 0.03 to 0.12, preferably in
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limted particularly, but any one of a |aser
diffractive granularity distribution systemand a
dynami c light scattering granularity distribution
system may be used. When the, 25 nunber average
particle size of the | ubri cah (J) is less than 0.01
m the effect of 13 |ubricant does not a gear whi ch
the sangetof Ar05fte all2, end mheiprefambhyimihe range ﬂﬁ@g a4 cMéhen the
size is nore than 1.0 m it is easy to remain as dregs
solidl cofi@ni mA® rafio {ANAIWNY ofuhe okdumiakiken doegiosnd (¥ and the
decr eases, mhlch is not preferable. [0028] 5 A

plﬁ)géﬁcﬁ'w 28 FETR s itk ®. 6, e RdiigardfRafimprblement of corrosion

essari rmre than 100C, and preferably nore than
t
o zm et e

neas one of

b gen Phieo i Camien na e (VRBATE R B L, Pafiii®éh in
tenperature is less than 100C, the | cant is

walst @%thedilmeecmeh@fmsplatwltsmfhtqhﬁienﬁfpr?%’fqﬂ%g so that 10
dregs easily occur (decrease in dreg resistance),
whi cHo034[not preferable. [0029] In a combined anount
of the lubricant (J) that is an essential conponent of

the IhRvRAbiEd @nshnt bEthe Gamalianicompbund-7) Mat éxaegsserntiab
| ubricant (J), a solid content nass ratio

c&xﬁ rfeﬁy\fixtﬁg ifehtiOf, o 38d E%&hﬁﬁﬁs rétdo [(BNOWYINE tl(le ())rgamc silicon

onent s Wr X+Y¥Z) except the 15 | ubricant
c?rﬁﬁ?%?a(rwn%; o? Egﬁggﬁg%ﬁé@ (Qlilstg&cgssﬂﬁl rlgf&glg{l) ﬂ/{) 05 to
4
0 1§t pxg?e[rgtﬁy?rtw ! 0 Q?%tot%gen %r}ogta%g{'e(a})lf Blnl'%g E%ag%? 9.11 to

t WAEX+Y+Z pt t
Orian Wghasthe tolid ?Qﬂt‘ﬁ%ﬁ m%%xeaunpt[%im 9k e abnis st pouSiind (W)

the tinme of form ng decrease, which is not

apd tfearatdiem compoed GZ)He lesh than 0.0 ghe additionsitiest (compsion

20 mass ratio [(J)/(WX+Y+Z)] is nore than 0.12, a
r@siitaticaPod the yaskekum asmpounth(Zg doesnatappeaprafieh whioepreferable.  On
[0030] The cobalt conmpound (C) that is an addition

tIEONRARRE, Whed M8 sb!’ld/ E6Hté R MndsS ratidr [EL)AWi]liymate theao1l 7pbath
cobalt conpound sel ected fromthe group consisting o

fy nd cobalt
Sgagﬁg% r%ékét}ik g&gonglqﬂggﬁ ?Sg%oltt al?igof a solid
c_on_teﬂwzé mass ratio [(C)/(W] of the organic
silic npound (W and the cobalt conpound (QC

The vanadium compound (Z) of the invention is not limited particularly, but may
be vanadium pentoxide V,0s, metavanadic acid HV O3, ammonium metavanadate,
sodium metavanadate, vanadium oxytrichlotide VOCl3, vanadjum trioxide V703,
vanadium dioxide VO, vanadium oxysulphate VOSQj, vanadium oxyacetylacetonato
VO(OC(=CHz)CH;COCHs3)),, vanadium acetylacetonato V(OC(=CHz)CH,COCH3))s,
vanadium trichloride VCls, phosphovanadium molybdate, and the like, by way of
example. In addition, pentavalent vanadium compound may be reduced into bivalent to

tetravalent compounds by an organic compound having one kind of functional group
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is preferably in the range of 0.01 to 0.1, nore
preferably in the range of 0.02 to 0.07, and nost
preferably in the range of 0.03 to 0.05. Wen the
solid content nmass ratio Cié(VV] of the organic
silicon conpound (W and the balt conpound (C) is
|l ess than 5 0.01, the addition effect of the cobalt
(i®) erdup gom;isting ppehydroxilagroins,,a dattongtf §reop, farboxyl

stabilizing initial corrosion products (basic zinc
giohprprihegry o tezfiarg aindncgRPPL 8 antdy F108H,ANplRSphdi iy 4B E@ip, and a
barrier does not appears, which is not preferable. On
Hepiritedcidgedp. When the solid content mass ratio
% C§/(VV] S nDre than 0.1, corrosion resistance
decrezg&&n which is not preferable. 10 [0031] In the
nmet hod ot “pr oduci ng the surface-treated netal nmateri al
of the_invention, referable t pply, the .
queods Pl fippass ot ik dhioRarconpemd iR heapaive
aqueous netal surface treatnent agent at an arrival
0@%&%@5@} thatase essepligd compongivs oldhe Inveation, 250l cementmagss ratio

a filmweight is inthe range f 0.05 g/n2 2.0 g/ nR.
[(A (XN of thy fierine vpmpeund (&)iasd pheetanadibyconpound (Z)pis gecessarily in
of nore than 50C and | ess than 250C, nore preferably
the rdrige of ar3ge 600, préléiably it BGangeof 36 3 B[ &idahodiprefefably in the
t he range of 100C to 140C. When the arrival

tta.ﬁéﬁ)@fr BEUAE3I0S FenQhe kfRBoontdhe mued féﬁBt[(af()(t)F@f tHE He8HRe

net al surface treatnment agent i1s not corpl é

S b M Sl i Sl oo
R e © R -

tg preferable. A weight of the film.is

ey B slid Canier st e N (Rl Bismeje anch  tgitngbilidasreases,
preferably in the range of 0.2 g/n2 1.0 g/rTQ and nost
ohieh & nipyefemablehe range of 0.3 g/n2 to 0.6 g/n2. Wen
the weight of the filmis less than 0.05 g/mZ,
corro$d@¥] resistance remarkably decreases not to be
able to coat the netal material surface, which is 25

not prIdk eutatait (JfIhat i8en @Es!éﬁﬁal% on¥1 P tHeBveRiodHs nQessarily

the filmis rmrethanZOg 5 dreg resistance

ARUi P BStedfrbialih oﬂ[? boridtih rc;?Wafer ﬁl{s{pglgg%é P%ig?tﬁglene wax,

aqueous et a sur ce treat nt age
RO R, B ol %'%'oﬁ& Rferirid A eBbf polgetivlefe wax. The
rest .aini, 5.agent an cont r.ol ent

318 djoiersibiE Jubricat ich gs Pelyethleng M@xgeﬁs’ggﬁmw@ﬁrﬁeimn to be

effects of the invention are not spoi l ed. The levelin
vnifermlyndigpesteda whishjweffgatizpe oRurther, one or more kinds may be added to

improve dreg resistance caused by lubrication. A number average particle size of the
lubricant (J) is necessarily in the range of 0.01 um to 1.0 um, and preferably in the range
0.05 um to 0.5 pm. The measurement of the number average particle size herei.n is not
limited particularly, but any one of a laser diffractive granularity distribution system and
a dynamic light scattering granularity distribution system may be used. When the

number average particle size of the lubricant (J) is less than 0.01 pm, the effect of
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or pol ypropyl eneoxi de adduct, an acetyl enegl yco

conpound, or the like, as nonionic or cationic

surfactant, by way of exanple. The water sol uble

sol vent may be al cohol s such s et hanol ,

i sopr opyl al cohol t-butylalcoﬂ |, and propyl enegl ycol ;

cel | osol ves such as 10 et hyl enegl ycol nonobut yl et her

b cant ldpesems gbpess) wisinb & it ipedférable. e Wlemshs nahbasiverage particle
nitric ethyl and nitric butyl; and ketones such as

deeisonere theet hy ei, ik kedyad eemands dret Bytht SRRUHbHEhL AR the dreg
by way of exanple. The netal stabilizing agent may be

REB1aALLdeSORBY W 18 WelpidferdtR] A and DTPA, by way of
exanpl e. The etching restraining agent nmay be am ne

conpoag@g;such as et hyl enedi am ne,
triethy er]epent aam ne, 15 guani dine, and pyrim di ne,

by way, of, exanple. Particularly, en one nol ecul e has

two or* me@%%aeram Bt,ﬁletlﬂlﬂcé“ﬁ é';] igmeeassaidly mege than 100°C, and
neéﬁl stabi | i zi ng agent, which is nore preferable.

BRETEhlY mese then 1&8 dnt Hegsofiening gemparaturs kiweindshotdisnited

nitric acid and a lactic acid; inorganic acids such
pasticuland but the sefiening tethpesatwe muaynbesmbdsaredanihgaany vas of a direct
[0033] 20 The surface-treated netal material of the

obsepntiowmetiod andtailiphy trahdmifinceehétBed. Or'Whé fe ShAGIRg temperature
heat resistance, solvent resistance, a paintability, a

ifS hds ke 1000E | tht YubrRAABE Softdnld idﬁﬁmt althd {lfnetdf?&nﬁﬁ% so that

orm ng, and dreg resistance. The reason IS presune

ki S R R U

aqueoiﬁoﬁt al surface treatnent agent used in the
i nvent is based mainly on organic 25 silicon

conpounds. Fjirst of al|. it is presumed that corrosion

resi sthAcempuned amountof the lubgicany (T} that ip am pssertial camponss of the
.a part of the organic silicon conpounds are

1p¥HdieRand thegcamypongnty i(MGH0t Yt Beexcetdhe hibeicat¢Bna solid content mass
silicon conpounds react with each other to forma

reom {(Ti(R X +HYi7)] afttie (BricatiRTpardthe geAPoRneA WYX +Y+Z) except the
hydrol yzing a part of the organic silicon conmpounds

lhordmt Q) ishevbBhAl iRGhd Mng@ofBb2kd §.92 SRy X th@range of 0.03 to
coated surface) with a 5 netal surface to represenfg a

0. EBhi ﬁ@sfs%lké?é' BI§kn frﬁrggtbe %dolrbrﬁagﬁw{ei 0 rWhéﬁ {h%esgfé& ?%Ilﬁﬁl?t mass

possi bl e t orma de film-can

B0 O o R A oSN R e

ilic .and in struction thereof the arrangenent
1l ?{}é bﬁ%‘b%ﬁ@ga %)Slacﬁ%s mopidity @gdﬂlwagﬁrmsmtw@%@ﬁ ertimae of
chain is relatively short. Accordingly, a silicon
forping idgeraepepwhichds netnfeferably. g On thedherihand, wheatthe solidzontent
inorganic matter and an organic
mass ratio [(J)/(W+X+Y+Z)] is more than 0.12, a paintability decreases, which is not

o

preferable.

[0030]

The cobalt compound (C) that is an addition component of the invention is
preferably at least one cobalt compound selected from the group consisting o cobalt

sulfate, cobalt nitrate, and cobalt carbonate. In a combined ratio thereof, a solid content
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matter are regularly and densely arranged in a very

smal|l area of the film For this reason, it is

presuned that it possible to a new filmhaving all of

heat resistance, conductivi tﬁ/ﬁ and bl ack-dreg

resistance at the tinme of forming in a general

inorganic film 15 and fingerprint resistance and a
Wﬁ%t%ﬁ(pb/£W)] of the grganic allicon gampourfd (W) aridrthé bebatti doingnd (C)
contai ning portion of the film it is confirmed that

is peifarally o thelrange G0 If tor0nk nsdrk pxdRablylh fsh RAfge $50.02 to 0.07, and
anal ysis. [0035] It is presuned that since a fluorine

meesTpraidtablly Of EeYange SHRIGLrof0. 09N ahas Hlegiid Contéd mass ratio

increase In pH due to the etching reaction I n

ph’?s"'é%té’??%f“a@&*a@ S Clpot A T B o ool (Cis tess than

OAn p osi on resi stance
O B A R R S che EoRl Bt (3 Ao nelcppeHe DB 8, the effect of
%’Bﬁ] L ed t &E‘i’ corrosion resistance to such a base

@i‘ F rPé%‘it%fbaﬁléglf@tcamehgfmm to Juppress corrosion as
addition to heat resistance, fingerprint resistance,
carrpdombarier deap, noaappeameghmhss sttgueferable. t Iin the Otheohaikh when the
formng. In addition, it is presuned that since the

solicbeantem tmdss raimr{(@)ﬁ(ﬂ}] ds fhofhas 0.11 Bétrdsion ﬂebibt%hé‘eadlicréages which
the filmw thout breaking the regul ar arrangenent of
id e psdfbiablRn- or gani ¢ chain so that the lubricant

uniformy exists on the surface, a performance bal ance
such ]excel | ent corrosion resistance appears in

addltl on to a sliding nobility, damage resistance

the t dre npl.e]
[003 L eg’° Q?Pé‘gh‘c et %Sﬁ‘eaﬂ ﬁﬁ'éatw%?%avenﬂon it
; Efgffﬁ’i ¥ \)@ of exa Ies of the invention and
SRl By Reous pigtal pwrace iipatmens Agens andto drythe sqieous
thereto. Production of test sheets, exanples,
m@bﬁ%ﬁ%f%m@hm Aptnt ot amardivaldemperatuné mappihgh 66°C 46 less than
nmetal material surface treatnent agent will be

2YE€s po Dmtla fiddhoveight@ORithe ranBe 60106td/@ht0l 0 paat. Jiratrin
(1) Test Material The follow ng commercially avail able

teg?igﬁt?g:lw?gﬂ??ﬁ o 8?5?%%%5?‘5"@ ki (axé%)ie'é%ﬁmtzsmc, more
pl%fﬁr%? @P the Tatheb P C Y& ST, RS il dreflRR i B9 {'a%%e of 100°C to
140°C.  When the arrival temperature is 50°C or less, the solvent of the aqueous metal
surface treatment agent is not completely volatilized, which is not preferable. On the
other hand, the arrival temperature is 250°C or more, a part of the organic chains of the
film formed by the aqueous metal surface treatment agent are decomposed, which is not
preferable. A weight of the film is preferably in the range of 0.05 g/m® to 2.0 g/m?,
more preferably in the range of 0.2 g/m? to 1.0 g/m?, and most preferably in the range of
0.3 g/m*t0 0.6 g/m®>.  When the weight of the film is less than 0.05 g/m?, corrosion

resistance remarkably decreases not to be able to coat the metal material surface, which is

not preferably. On the other hand, when the weight of the film is more than 2.0 g/mz,
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- Molten zinc plated steel sheet (@) Sheet thickness
= 0.8 mMmm weight per unit area = 90/90 (g/nR2) -

El ectrolytic zinc- 12% ni ckel plated sheet (ZL) 20
Sheet thickness = 0.8 mMm wei 95 per unit area = 20/20
(g/nm2) - Alloyed nolten zinc plated steel sheet (GA)
Sheet thickness = 0.8 nm weight per unit area = 60/ 60
qrgg rasistanip Heareases, ivhidhl sonat prefarairte 3% magnesi um 0. 2%
silicon plated steel sheet (SD) Sheet thickness = 0.8
mm WO per unit area = 60/60 (g/nR2) 25 - Molten

zi nc-55% al um num pl ated steel sheet (&) 18 Sheet

thi ckmag agaedils &efdNsurided
(g/ nk) il3) DZgreassfl ng e't %ﬁ&%ng&%ﬁgﬁﬁeﬁ?ﬁ%?aﬂea

e S S T

al kal i rea er the condjtion

ReC el § B GARSFestl B imiinte § EovimearOhec o thptcope ahers the
nutes, and then the test material was cl eaned by

G%P@ f\%élif‘em‘%wn@@e BEpPRd. aldiedevsliag agent maydeatgolyethyleneoxide

obtaining a test -sheet. (3) Preparation of surface

arpe enggride addust,| aaracetytenpglyog) cagmotind, Ay tierltkeaas nonionic or

silane coupling agent (B) were added and 10 m xed to

cationiv serfanarmy igaway ofédanpie) ChHEwatBtsolWle srﬂﬁ&u&ﬂlﬁﬁbeaﬂcohols such

fluorine conpound (X), a phosphoric acid (Y),

as b BopRIPY Rt o], Z—butyi’d]@oh%l 248 bk@%ne@@%l%lﬁs%@ ghich as

in order and suff|C| ently mxed at "a norma

SR o SR8 0 BB AR s i
B A S

a roll coater, a_ baking per f or med
Ylé'“’ ijitqvg By way p %ﬂrnnl%np“slaeamaiabstabllmns ageptanay be chelate
and an air cooling was perfornmed, thereby producing a
comppurds uek a3 BB Taemd DTRA.&yi wdy of xe8ple. Athe Bhohing iesinaning
coupling agent used in Exanples and Conparative
aggrtnpdyelke arsineshmpoundsisheh 4s ethylenedianitic nbethg Tpepuithansine,
shown in Table 2, the lubricant is shown in

guanidine, and pyrimidine, by way of example. Particularly, when one molecule has

two or more amino groups, there is an effect as a metal stabilizing agent, which is more
preferable. The pH control agent may be organic acids such as a nitric acid and a lactic
acid; inorganic acids such as a hydrofluoric acid; ammonium salts; and amines.

[0033]

The surface-treated metal material of the invention can satisfy all of corrosion
resistance, heat resistance, solvent resistance, a paintability, a sliding mobility, damage
resistance at the time of forming, and dreg resistance. The reason is presumed as follow,
but the invention is not bound by the following presumption. The film formed using the
aqueous metal surface treatment agent used in the invention is based mainly on organic

silicon compounds. First of all, it is presumed that corrosion resistance is represented
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Tabl e 3, and conbi ni ng exanples, filmanounts, and
drying tenperatures are shown in Tables 4 to 6.

[0039] 25 [Evaluating Test] 19 1. Test of SST pl anar
section A salt spray test acgﬁ%ding to JIS-Z-2371 was
performed for 120 hours, and ccurrence of white rust
was observed in a planar section and a processed

ascibe bayis of (1) when g paftaf thetorgani eslliemst edmpramds arglconcentrated by
t hereby eval uating corrosion resistance of the surface
dvying eattedikepthalorgaiiesiliadn congovadurehétontiCedch ettiedto Mem
occurrence of rust is less than 3% of total area G =

REEMITIR TS a@%n}lschigio@p"/geﬁéraféerb?y @a%lyﬁﬁ%ab&%@f &{é%rgixgc silicon

total area = occurrence of rust Is 10% or nore an

d 3 f_ e%% — .

ORI Brib R4 Byt b IR melli PP ot R Rialef itk o
rocessed, section Afte n.erichsen test, (7 mm . . )

BP0 SRS IR sl pilisr PRED, | Fhadtor Sogeitds pepsible to
o JIS Z-237 s perforned for 72 hours and

fé%ﬁﬂ?%ﬁ?cé%#%ﬁ'ﬁ@“r‘?ﬁh%s 15 observed, thereby

eval uati ng corrosion resistance of the processed

secti 00381 the surface- treated netal material.

<Eval uation Criteria> VG = occurrence of rust is |ess

t han Munwhile,ahafilm usiag henqoenismictsicarfate treminentsagedis formed
or nore and less than 20% of total area 20 NG =

B biseSsidon! 4d inl conARR4iBH HEREST M&ggéﬁeﬁt%ﬁﬂﬁe%&éanic

total area B = occurrence of rust is 30%or nore of
: i e JAf t ar.
TR CRER T S P B MR REARERRA Bcon
. for 2 25 h .sal t test .
U8R 5% perP b an reait R praficcBh BB i apd ap greamic

JI S Z-237 0
matter are regl}lar%y and densely arranged in a very small area of the film. For this

reason, it is presumed that it possible to a new film having all of heat resistance,
conductivity, and black-dreg resistance at the time of forming in a general inorganic film;
and fingerprint resistance and a paintability in a general organic film. In the silicon
containing portion of the film, it is confirmed that silicon of about 80% forms siloxane
binding, by analysis.

[0035]

It is presumed that since a fluorine compound forming a dense film according to
increase in pH due to the etching reaction in the vicinity of polarity of the surface of
metal, a phosphoric acid as an effluent inhibiter, and a vanadium compound for applying
corrosion resistance according to oxidation and reduction reactions are applied to apply
corrosion resistance to such a base film, excellent corrosion resistance appears in addition
to heat resistance, fingerprint resistance, a paintability, and dreg resistance at the time of

forming. In addition, it is presumed that since the lubricant is applied to disperse the
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was performed for 48 hours and occurrence of white

rust was observed, thereby evaluating heat resistance
of the surface-treated netal material. <Eval uation
Criteria> VG = occurrence of rust is |less than 3% of
total area 5 G = occurrence of’rust is 3% or nore and

| ess than 10% of total area NG = occurrence of rust
lubridgWdrothe fdmewisinoit beeaking lanre30lir afratgetreeht aff thasiliBorrorganic
occurrence of rust is 30%or nore of total area [0042]

¢hainl@sthatathe lubr@etmi BfmIyaxistd GER shifadd)b peif®Siantcs bhldnce such as
measure i ncrease and decrease (AL) in an L val ue

OREMR caRekist f&fstaggi’%gég{mn mﬁb#l BFa Hl?diﬂg g\?)birl'et%idg{ng g éesistance

colorineter, ther uat1 ng fingerpr

fq b rface-treated.netal material. The AL val ue
@%%E@gﬁfﬁuﬁﬁg,gﬁgﬁ%gr?%g[g%cée. L value before and after

the t é%@éﬂeﬂ bri ght ness fromblack (0) to white (100)

is reg fed by the L value. Specifically, the AL

can be neasured using a chroma colorinmeter CR-300 15
(manufl@@3¥hred by M nolta). <Evaluation Criteria> VG =

AL is less than 0.5 GEAL is 0.5 or nore and | ess than

1.0 Mereihafies, the thventiorowil bedestrbal inhirtailbyOway26f dxamphds of the
iIs 2.0 or nore [0043] 5. Test of solvent resistance

ihbentiurahd emphRale ekabiiled, biiBthe ivdhtivfs nov ikeed tekdty.
times using a gauze with solvent infiltrated

Pro8AGIoR T test sitHetsOBx R {p1dd Sorh %rﬂé?@%aﬁrﬁ%si LA RelB¥ds of applying

measuring Si on fhe 25 bas rescent X-ray

O 3leFiy S E R A B B deiRtbed B 700 © 1N
nmet hyi@}%l ket one, ethanol, and white gasoline were

used e solvent. <Evaluation Criteria> 5 VG =

ratjo of elution is less than 1%
[Production of Test Sheet)

(1) Test Material
The following commercially available material was used as a metal material.
~ Electrolytic zinc plated steel sheet (EG) |
: Sheet thickness = 0.8 mm, weight per unit area = 20/20 (g/m?)
- Molten zinc plated steel sheet (GI)
: Sheet thickness = 0.8 mm, weight per unit area = 90/90 (g/m?)
- Electrolytic zinc-12% nickel plated sheet (ZL)
: Sheet thickness = 0.8 mm, weight per unit area = 20/20 (g/m®)
- Alloyed molten zinc plated steel sheet (GA)
: Sheet thickness = 0.8 mm, weight per unit area = 60/60 (g/m?)
- Molten zinc-11% aluminum-3% magnesium-0.2% silicon plated steel sheet (SD)
: Sheet thickness = 0.8 mm, weight per unit area = 60/60 (g/m?)

- Molten zine-55% aluminum plated steel sheet (GL)
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G=ratio of elutionis I%or nore and | ess than 5%
NG = ratio of elution is 5%or nore and |l ess than 10%
B =ratio of elutionis 10%or nore [0044] 10 6. Test
of paintability Melam ne al kyd based paint was applied
using a bar coat so that a thi@kness of the film
after baking and drying is 25 m a baking was
peuthirkdesst= Q. 3@Gnf weighlper nhivuteass 6H6CWRPNG Was
performed on 1 mm check scal e, and adhesi on was

@Y Blegrusidg &tatthent €Mai Ni Ng nunber ratio (remaining
nunber/cutting nunber (=100)), thereby evaluating a 15

pai nt gl .
<Eva| i st toafial B BELRES R bRAYER FIFE R HIBNER b6 (Ggnerkc
95%. = |l,ess an 90%
hol Fetk eﬁ?‘ﬂ‘% %f'ﬁt&'j ‘ﬁ‘i‘?‘ﬁ‘:%ﬁ Bﬁﬁeﬂéﬁ‘@' oﬁgrea%%ﬂw#[‘ire e condition
head out, tester under a | oad of 0.3 ton,

clf?@?%ﬁ’?f‘aﬁ%f’ﬁg‘f E)?rgﬂf'é tSpeIRMEE GiAO°Ci foy 2aminutes, and then the test
surface-treated metal rraterlal on the basis of 25
raaterial wasirdeaned by phesswatersfor 30 ¢ecopds andEwasl drietd] thereby obtaining a test
Criteria> VG = is less than 0.30 G= 1is 0.30 or nore

sheet. | ess than 0.35 NG = is 0.35 or nore and | ess
than . 0.40 5 B=is 0.40 or nore [0046] 8. Test of

(ApPrgeratios bf e trRitnicita 'fre of formng A pullout was
performed using a bead pullout tester under a | oad of

1 R
rgﬁig@g aféfgﬁycgevag{ %@ F@go%gf%ﬁogﬁxhi“gf and1 then & %ogxqe compound (X), a
phosphoric acid (Y), a vanadium compound (Z), and a lubricant (J ) were added in order
and sufficiently mixed at a normal temperature, thereby preparing a surface treatment
agent.

(4) Production of surface-treated metal material (Applying method of surface treatment
agent)

The surface treatment agent was applied to the test sheet by a roll coater, a
baking was performed while changing an arrival temperature of the sheet, and an air
cooling was performed, thereby producing a surface-treated metal material.

[0038]

The silane coupling agent used in Examples and Comparative Examples is
shown Table 1, the vanadium compound is shown in Table 2, the lubricant is shown in
Table 3, and combining examples, film amounts, and drying temperatures are shown in
Tables 4 to 6.

[0039]

[Evaluating Test]
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and after the test. As described above; the AL val ue

represents difference in the L value before and after

the test when brightness fromblack (0) to white (100)

is represented by the L value, Specifically, the A.

can be neasured using a chron%lgcol ori meter CR-300

(manufactured by Mnolta). 15 <Evaluation Criteria>

VQ@est AISSTsplames sedtivan 0.5 G = AL is 0.5 or nore and

less than 1.0 NG=AL is 1.0 or nore and |less than 2.0

B = AlA jalt sprdy tedt a08Ur€ingo 1I80ADB71 Kas peFbmedd ff €20 hours, and

resistance In a high-speed deep drawability test, the

B Ol T o 8B ey D I 3860 o8l ol Netion of the
nt .0, a deqgr.easing.manne angd_.an

SRECRRUPPRR LT I, bl e ir i B SR EhO o flne B 18 byrface-

25 increase and decrease in weight before and after

tf%"?‘@%’f‘fm?ﬁg?jeby eval uating dreg 23 resistance of

t he surface treatnent agent. <Evaluation Criteria> VG

<Evadugtien Ssiteiipwei ght is | ess than 0.05 g/n2 G =

decrease in weight is 0.05 g/n2 or nore and | ess than

YVGE eponrends dfiust igliess thas 3% of toiges is 0.1 g/ n2 or
nore and less than 0.5 g/n2 B = decrease in weight is

G =Soogltéhcelof Fist & 399 0f Blore ddiFleshbth 1| 94 tétHPark£St are
shown in Tables 7 to 24. It can be seen that Exanples

NGcodimbihoe s fooRRE mord BRI BSAREN Y04 GHASEL &GOS O

resi stance as chronate, and satisty good

1§ o0k e oPRIP LEYOE or HERLofiG5 sbgnCe, 11 nger print

resi stance, vent  resi , areg paintability, a
slidi 4ragbi lity, damage resistance at the tine of
form %) nd dreg resistance. [0049] [Table 1]

Si | ane_Coupl i ng Agent
2. Test of SST processed section

After an erichsen test (7 mm extrusion) was performed, a salt spray test
according to JIS-Z-2371 was performed for 72 hours and occurrence of white rust was
observed, thereby evaluating corrosion resistance of the processed section of the surface-
treated metal material.
<Evaluation Criteria>
VG = occurrence of rust is less than 10% of total area
G = occurrence of rust is 10% or more and less than 20% of total area
NG = occurrence of rust is 20% or more and less than 30% of total area
B = occurrence of rust is 30% or more of total area

[0041]

3. Test of heat resistance
After the surface-treated metal material was heated in an oven at 200°C for 2

hours, a salt spray test according to the planar section corrosion resistance JIS-Z-2371
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Al 3- Ami nopropyl tri met hoxysi |l ane A2
3- Am nopropyl tri et hoxysilane BI

3-d yci doxypropyl trinmethoxysilane B2

3-d yci doxypropyl triethoxysilane 15 [0050] [Table 2]
V Conpound ZI Vanadi um oxysul Hate 24 Z2 Vanadi um

di oxi de Z3 Vanadi um oxyacetyl acetate Z4 Vanadi um
weenyfoamed fored8 iadobaid ¢cTatrereceif whiterriistavds obfétved, thereby
Pol yet hyl ene wax D2 Pol ypropyl ene wax D3

Raluating hait|re@stm¢eh>yltwrfawtr€ﬁeaahfetaﬂ nYieriap TITT -
............. --- UUuUuUUVUUUODUUUU

Uu
@@Mtgnl@@wuuu J:.JUUUV gE NN N5 OR
NN NON Ory ONOry Ory 0Ory OO« - = - - -
. 000000000O

VO GreRngs of i fgs g 3 of Grafarta” .
G = occurrence of rust is 3% or more and less than 10% of total an_ea - - N©
NG = occurrence of rust is 10% or more and less than 30% of total area
B = occurrence of rust is 30% or more of total area

[0042]
4, Test of fingerprint resistance

This test is to measure increase and decrease (AL) in an L value before and after
applying Vaseline using a colorimeter, thereby evaluating fingerprint resistance of the
surface-treated metal material. The AL value represents difference in the L value before
and after the test when brightness from black (0) to white (100) is represented by the L

value. Specifically, the AL can be measured using a chroma colorimeter CR-300

(manufactured by Minolta).

- <Evaluation Criteria>

VG = AL is less than 0.5
G = AL is 0.5 or more and less than 1.0
NG = AL is 1.0 or more and less than 2.0
B = AL is 2.0 or more
[0043]
3. Test of solvent resistance
The surface-treated metal material was rubbed fifty times using a gauze with
solvent infiltrated thereinto, elution of the film was confirmed by measuring Si on the

basis of fluorescent X-ray analysis, thereby evaluating solvent resistance of the surface-
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the film after baking and drying is 25 pm, a baking was performed at 120°C for 20
minutes, a cutting was performed on 1 mm check scale, and adhesion was evaluated at a
remaining number ratio (remaining number/cutting number (=100)), thereby evaluating a
paintability of the surface-treated metal material.
<Evaluation Criteria>
VG = 100%
G = 95% or more
NG = 90 or more and less than 95%
B = less than 90%

[0045]
7. Test of sliding mobility

A pullout was performed using a bead pullout tester under a load of 0.3 ton,
thereby evaluating a sliding mobility of the surface-treated metal material on the basis of

sliding mobility resistance (p)
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8. Test of damage—resmtance atthe time of forming - - -
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d@gl%e of M@é, §1a9is, dén%e%cﬁsénc% P the t@nyoﬁoﬁnﬁlﬁnﬁnesséface

treatment agent was evaluated on the basis of increase and decrease in a AL value before
and after the test. As described above, the AL value represents difference in the L value
before and after the test when brightness from black (0) to white (100) is represented by
the L value. Specifically, the AL can be measured using a chroma colorimeter CR-300
(manufactured by Minolta).
<Evaluation Criteria>
VG = AL is less than 0.5
G = AL is 0.5 or more and less than 1.0
NG = AL is 1.0 or more and less thén 2.0
B = AL is 2.0 or more

[0047]
9. Test of dreg resistance

In a high-speed deep drawability test, the surface treatment agent was processed
at a drawing ratio of 2.0, generated dregs were removed by using hydrocarbons solvent in
a degreasing manner, and an amount of generated dregs was measured on the basis of

increase and decrease in weight before and after the test, thereby evaluating dreg
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. ~ F Mhe results of the test are-shown in Tables-7 to-241 (3t ddnrberseén HabExamples
NNry ------ - Mry -

T to-68 in"Tables '4'and5 e rESeht the same 'CDITOSlOn resistance as chromate; and satisfy
------ ry NN NNNNN ryNNNNNNNN

2 J¥ gobd chrI:\oLwl?gs}éfaﬁ'lce, heat resistance, fingerprint resistance, solvent resistance,

a paintability, a sliding mobility, damage resistance at the time of forming, and dreg

resistance.
[0049]
[Table 1]
Silane Coupling Agent
Al 3-Aminopropyltrimethoxysilane
A2 3-Aminopropyltriethoxysilane
B1 3-Glycidoxypropyltrimethoxysilane ‘
B2 3-Glycidoxypropyltriethoxysilane
[0050]
[Table 2]
V Compound

Z1 Vanadium oxysulphate
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[0051]
[Table 3]
Lubricant
D1 Polyethylene wax
D2 Polypropylene wax
D3 Polytetrafluoroethylene
D4 Paraffin wax
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MebNG2]Ex. 18 VG VG VG VG VG VG VG VG VG Ex. 19 VG VG

\G VPF VG VG VG NG VG._Ex. 20 VG VG VG NG NMG NG VG NG NG

Ex. 21 VG VG VG VG VG VG VG VG V& Ex_22 VG VG VG VG \G
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Comp.7 NG NG B B vG G NG NG G
Comp.8 VG G VG VG B G B B B
Comp.9 B B NG NG G NG NG NG B
Comp.10 NG NG NG B G VG NG NG B
Comp.1} VG G VG G VG VG NG NG B
Comp.12 VG VG VG vG VG VG NG B B




[0062] [Table 141 ZL SST Heat Fingerprint Sol vent
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Resi stance Resi stance Section Section Ex.35 G G VG VG
VG VG VG VG VG Ex. 36 VG G VGAG VG VG VG VG VG Ex. 37
VG G VG VG VG VG VG VG VG Ex.38 VG G VG VG VG G VG VG
VG Ex@3)VG VG VG VG VG VG VG VG VG Ex. 40 VG VG VG
VG VG VG VG VG VG Ex.41 VG VG VG VG VG VG VG VG VG
Bpid43VG G VG VG VG VG VG VG VG Ex. 43 VG G VG VG VG

G VG VG VG FEx. 44 VG G VG VG VG VG VG VG NG Ex. 45 G

G VGG VG VG VG VG VG Ex 46 & G VG G VG NG VG NG NG
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BIVGXS MG VG VIEVE  BE 5g \FS VG \ VES g lvaeYSIc v YS
B 5VO/G VIS VG VG GWG VG VS vG VG VG VG
Ex5 | VG VG VG VG VG VG VG VG VG
Ex6 | va VG VG VG VG VG VG VG vG
Ex7 | VG VG VG VG VG VG VG VG VG
Ex8 | VG VG VG VG vG VG VG VG VG
9 |.ve | 6. | vG G VG VG VG VG VG
Ex10| v6 | G VG G VG vG VG VG vG
Exll | VG VG VG VG VG VG VG VG VG
Ex12 | VG VG VG VG VG VG VG VG VG
Ex13 | VG VG VG VG VG VG VG VG VG
Exl4 | G G VG VG VG VG VG VG VG
Ex15 | VG VG VG VG VG VG VG VG VG
Ex16 | VG vG VG VG VG VG VG VG VG
Ex17| G VG VG VG VG VG VG VG VG
Ex18 [ VG VG VG VG VG VG VG VG VG
Exl19 | vG VG VG VG VG VG VG VG VG
Ex20 | VG VG VG VG VG VG VG VG VG
Ex2l | VG VG VG VG VG VG VG VG VG
Ex22 | VG VG VG VG VG VG VG VG VG
Ex23 | VG vG VG G VG G VG VG VG
Ex24 | VG VG VG G VG G VG VG VG
Ex25 | VG VG VG VG VG VG VG VG VG
Ex26 | VG [¢] VG VG VG VG VG VG VG
Ex27 | VG VG VG VG VG VG VG VG VG
Ex28 | VG VG VG VG VG G VG VG VG
Ex29 | VG VG VG VG VG G VG VG VG
Ex30 | VG VG VG VG VG G VG VG VG
Ex3l | VG G VG VG VG G VG VG VG
Ex32| G G VG VG VG G VG VG VG
Ex.33 G G VG VG VG VG VG VG VG
Ex34| G G VG VG VG VG VG VG VG




Ex.58 VG VG VG VG VG G VG VG VG Ex.59 VG VG VG VG VG
G VG VG VG Ex.60 VG VG VG VG VG VG VG VG VG Ex.61 VG
VG VG VG VG VG VG VG VG Ex.62 VG VG VG VG VG VG VG VG
VG Ex.63 VG G VG VG VG VG VG VG VG Ex.64 VG G VG VG
VG VG VG VG VG Ex. 65 VG G WPVG VG VG VG VG VG EX. 66
VG G VG VG VG VG VG VG VG Ex.67 VG G VG G VG VG VG VG
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Ex39 | VG VG VG VG VG VG VG VG VG
Exd0 | VG VG VG VG VG VG VG VG VG
Ex4l | VG VG VG VG VG VG VG VG VG
Ex42 | VG G VG VG VG vG VG VG VG
Ex43 | VG G VG va VG VG VG VG VG
Ex#d | VG G VG VG VG VG VG VG VG
Ex45 | G G VG G VG VG VG VG VG
Ex46 | G G VG G VG VG VG VG VG
Ex47| G VG VG G VG VG VG VG VG
Ex48 | VG VG VG G VG VG VG VG VG
Ex49 | VG VG VG VG G VG VG VG VG
ExS0 | VG VG VG VG G VG VG VG vG
Ex5l | VG VG VG VG VG VG VG VG VG
Ex52 | VG VG VG VG VG VG VG VG VG
Ex53 | VG G VG VG VG VG VG VG VG
Ex54 | VG G VG VG VG VG VG VG VG
Ex55 | VG G VG G VG G VG VG VG
Ex56 | VG VG VG G VG G VG VG VG
Ex57 | VG VG VG VG VG G VG VG VG
Ex58 | VG VG VG VG VG G VG VG VG
Ex59 | VG VG VG VG VG G VG VG VG
Ex60 | VG VG VG VG VG VG VG VG VG
Ex6l | VG VG VG VG VG VG VG VG VG
Ex62 | VG VG VG VG VG VG VG VG VG
Ex6l | VG G VG VG VG VG VG VG VG
Ex64 | VG G VG VG VG VG VG VG VG
Ex65 | VG G VG VG VG VG VG | VG VG
Ex66 | VG G VG VG VG VG VG VG VG
Ex67 | VG G VG G VG VG VG VG VG
Ex68 | VG G VG G VG VG VG VG VG
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VG VG VG VG VG Ex2 VG G VG &°VG VG VG VG VG Ex.3 VG
VG VG VG VG VG VG VG VG Ex.4 VG VG VG VG VG VG VG VG
VG HRO83]VG VG VG VG VG VG VG VG VG  Ex. 6 VG VG VG VG
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Ex25 VG VG VG VG VG VG VG VG VG Ex. 26 VG G VG VG VG
VG VG VG VG Ex. 27 VG VG VG VG VG VG VG VG VG Ex28 VG
VG VG VG VG G VG VG VG Ex29 VG VG G VG VG G VG VG VG
Ex. 30 VG VG G VG VG G VG VG Ex.31 VG G G VG VG G
VG VG VG Ex32 VG G G VG VG G'VG VG VG Ex.33 VG G G
VG VG VG VG VG VG Ex34 VG G0 VG VG VG VG VG G 38
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Ex. [ 3F \vh\SJSTC VG ks @iné‘ﬁ‘invs S\!{Gnt E)f’ain?’.& Vgﬁdl@ 3D\‘ﬁgeVG @reg
VG VGG ESE B BosMiane | Giesdbmod/ reMlcindy Geiany M GioMlay | Fbitdk® | Wiseance
ACRL St 5VGVGAVC—E-41 VG-V MG VG VG VG YGC VG
L2 J 4o Vv vE o veBucivdS By YR Yo B G \XS
Y44 5 g vSyalvdSyag 8 v By Y
VE- VG Bk 48616 YIc 16 s Ve e ve s
WVE ARG g S el 4dSyg S v dSyal S
VG YG vG VG vG VG VG
VG VG VG VG VG VG VG
VG VG VG VG G VG VG
VG VG VG VG VG VG VG
VG G VG VG VG VG VG
VG G VG VG VG VG| VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG G
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG V@ VG VG VG VG
VG G VG G- | VG G VG
VG G VG G VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG VG VG VG VG
VG VG VG G VG VG VG
G VG VG G VG VG VG
G VG VG G VG VG VG
G VG VG G VG VG VG
G VG VG G VG VG VG
G VG VG VG VG VG VG
G VG VG VG VG VG G




Ex. 49 VG VG VG VG VG VG VG VG VG Ex.50 VG VG VG VG VG
VG VG VG VG Ex.51 VG VG VG VG VG VG VG VG VG Ex. 52
VG VG VG VG VG VG VG VG VG EX.53 VG G VG VG G VG VG
VG VG EX.54 VG G VG VG G VG.\G VG VG Ex.55 VG G VG G
VG G VG VG VG Ex.56 VG VG VESG VG G VG VG VG Ex. 57
VG VG VG VG VG G VG VG VG Ex.58 VG VG VG VG VG G VG
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Ex56 | VG VG VG G VG G VG VG VG
Ex57] VG VG VG VG VG G VG VG VG
Ex58 | VG VG VG VG VG G VG VG VG
Ex59 | VG VG VG VG VG G VG VG VG
Ex60 | VG VG VG VG VG VG VG VG VG
Ex6l | VG VG VG VG VG VG VG VG VG
Ex62 [ vG VG VG VG VG VG VG VG VG
Ex63 [ VG G VG VG VG | va VG VG VG
Ex64 | VG G VG VG VG VG VG VG VG
Ex65 | VG G VG VG VG VG VG VG VG
Ex66 | VG G VG VG VG VG VG VG VG
Ex67 | VG G VG G VG VG VG VG VG
Ex68 | VG G VG G VG VG VG VG VG
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Damage Dreg Resistance Resistance Resistance Property

[Teblei 18]ty Resi stance Resi stance Section Section Ex- VG

VGG G NG NG VG NG NG Ex. 2 VIG\VG NG G VG NG NG NGNG
Ex. 3 VG VG VG VG VG VG VG VG . Ex. 4 VG MG VG VGG
VG VMGG —EY. 5i:)G M@ YGoVG VGu¥@ VGaMG| Bheeb |VGoree
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Comp.s | — NG B B VG VG VG NG G G

Comp6 | NG B B VG VG VG B B G
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Comps | B B NG NG VG NG NG NG NG
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Comp.ll | VG G VG G VG VG NG NG B

Comp.12 | VG VG VG VG B VG B B B




Ex, 15 VG VG VG VG VG VG VG VG VG Ex. 16 VG VG VG VG VG
VG VG VG VG Ex.17 VG VG VG VG VG VG VG VG VG Ex. 18
VG VG VG VG VG VG VG VG VG Ex. 19 VG VG VG VG VG VG VG
VG VG Ex.20 VG VG VG VG VG VG VG VG Ex.21 VG VG
VG VG VG VG VG G VG Ex. 22 VG VG VG VG VG VG VG VG
Ex.23 VG VG VG G VG G VG VG VG Ex.24 VG VG VG G VG G
VG V@3] Ex. 25 VG VG VG VG VG VG VG VG VG Ex.26 VG G
VG VG VG VG VG VG VG Ex. 27 VG VG VG VG VG VG VG VG VG

[Takle2®] VG VG VG VG VG G VG VG G Ex. 29 VG VG G VG VG G
VG VG VG Ex..30 VG VG G VG VG G VG VG VG Fx.31 GGG

VG-VG G VG VG VG _Ex.32.G.G B VG VG G VG VG VG Ex. 33
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Ex.7 VG VG VG VG VG VG VG VG vG
Ex.8 YG vG VG YG VG VG YG VG YG
Ex.9 VG VG VG G VG VG VG VG VG
Ex 10 VG vG VG G VG VG VG YG VG
Ex.1] VG VG VG VG vG VG VG VG G
Ex.12 VG VG vG YG VG VG VG VG VG
Ex.13 YG VG vG YG VG vG YG VG VG
Ex. 14 VG VG VG YG VG VG YG VG VG
“Ex 15 VG VG VG YG VG vG VG VG YG
Ex.16 VG VG VG YG VG vG VG YG VG
Ex.17 YG VG VG VG VG VG VG VG VG
Ex.18 VG VG VG VG VG VG VG VG VG
Ex.19 VG VG VG VG VG VG VG VG VG
Ex.20 VG VG- VG YG VG VG VG YG VG
Ex.21 VG VG VG VG vG VG VG G VG
Ex.22 VG YG VG YG VG VG VG VG VG
Ex.23 vG VG VG G vG G VG VG VG
Ex.24 VG VG YG G VG G VG VG VG
Ex.25 VG VG YG VG VG VG VG VG VG
Ex.26 VG G VG VG vG VG VG VG VG
Ex.27 VG YG YG VG VG YG VG VG VG
Ex.28 VG VG VG VG vG G VG VG G
Ex®| VG | VG G VG vG G vG VG VG
Ex.30 VG VG G VG VG G VG VG VG
Ex.31 G G G VG VG G VG VG vG
Ex.32 G G G VG VG G VG vG vG
Ex.33 YG YG G VG VG vG VG VG VG
B4 | VG | va G VG VG Ve | va VG vG




Ex. 39 VG VG VG VG VG VG VG VG VG Ex. 40 VG VG VG VG VG
VG VG VG VG Ex. 41 VG VG VG VG VG VG VG VG VG Ex. 42
VG VG VG VG VG VG VG VG VG Ex43 VG VG VG VG VG VG VG
VG VG Ex. 44 VGVGVGVGVG\% VG VG VG Ex.45 VG VG G
G VG VG VG VG VG Ex. 46 VG G G VG VG VG VG VG

Ex.47 VG VG G G G VG VG VG VG Ex.48 VG VG VG G G VG
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VG VG G VG VG VG VG Ex51 VG VG VG VG VG VG VG VG VG
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NG NG G VG VG NG B BB Conp.4 NG NG B VG VG VG NG VG
6

G CdffgeH .6 NG NG B VG
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Comp.12 VG vG VG VG vG VG NG NG B
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VG VG G VG VG VG VG VG Ex. 11 VG VG VG VG VG VG VG VG

G Ex.12 VG VG VG VG VG VG Vi
VG VG VG VG VG Ex. 14 VG VG

VG VG Ex13 VG VG VG VG
6 VG VG VG VG VG VG

Ex. 15 VG VG VG VG VG VG VG VG VG Ex. 16 VG VG VG VG VG
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[0073]
5 As described above, the embodiments suitable for the invention have been

described, but it is natural that the invention is not limited to such examples. It is
possible that a person skilled in the art imagines varied examples and modified examples
within the scope described in the claims, and it is considered that such examples fall
within the technical scope of the invention.
10 [Industrial Applicability]

[0074]

It is possible to provide a metal material subjected to a chrome free surface
treatment that can satisfy all of corrosion resistance, heat resistance, solvent resistance, a
paintability, a sliding mobility, damage resistance at the time of forming, and dreg

15  resistance,




10

15

20

25

within the scope described in the clains, and it is
consi dered that such exanples fall wthin the
techni cal scope of the invention. 10 [Industria
Applicability] [0074] It ig possi ble to provide a
nmetal material subjected to Schrone free surface
treatnment that can satisfy all of corrosion
[PesgratiamofDobentnt} e€lamance, sol vent resistance, a
paintability, a sliding nobility, damage resistance at
[ChBntime of forming, and dreg 15 resistance. 46

[ Desi gnation of Docunment] Clains [Claim1l] A surface

tr eat £du iRk alealRREhEhate QRGP B CRIPRSR ﬁﬁn fdrdi®d on a

formed on a surface of a netal materlal t he

sﬁ?&&%‘?%%ﬁ:{{’vﬂl\gc eﬁnti'ng &hﬁgﬂtegﬁlﬁl ?luncp € silicon

rmre ‘onal groups (a)

represented h Forrrul wher e each of R2

and R GE %@éﬁ%wgﬁmﬁ&@ Ragsng oG e GBI etpish )

i ndependently from %B?h ot her, and1 %(53 | eagt one of
represamted bp Fesawle SIRR R kohsre gadiugd) aphR” mpresents an alkoxy
hydrophi lic functional group (b) of at |east one kind
geaper dgdioxghgraup jrdlependently Grom gash lther, ang bt lgass@pe of them
different fromwhat can be 10 included in the

rdprerehts analkogy @roup) and oyt rasrediydfuphilicdusictional group (b) of at least

nol ecul e, the organic silicon conpound (W having an

oAY Rind $6lefRd %H{ #hydiBkd @rmﬁ; (2198 P orbif Afiferét HoRRSAat can be

one kind of fl uor| ne ‘conpound”( X) "sel ected from

BRI BSA Bos Wmﬁgﬁ SRR e
S e B BB e bt VA5 oo L9605

olyethylene wax olypropylene wax, and )
poI ytadeast 4’4?&?‘6%95511% coptpornd C8) selpsfaddrom titaniyga hydrofluoric
particle size of 0.01 mto 1.0 mand a softening
acid apé zixcaniem dfydacdlmeric e¢idnor e, 20 wherein the organic
silicon conmpound (W is obtained by conbining a sil ane
coupl a pigsplysritt acidY);ont ai ni ng one am no group in a

nol ecul e and a silane coupling agent (B) containing

one O} ¥dnaditin E5Rptind 729 aHB! ecul e, at a solid content
mass ratio [(A)/(B)]m?

at least one kind of lubricant (J) selected from the group consisting of water

dispersible polyethylene wax, polypropylene wax, and polytetrafluoroethylene and has a
number average particle size of 0.01 pum to 1.0 pm and a softening temperature of 100°C
or more,

wherein the organic silicon compound (W) is obtained by combining a silane
coupling agent (A) containing one amino group in a molecule and a silane coupling agent
(B) containing one glycidyl group in a molecule, at a solid content mass ratio [{A)/(B)] of
0.5t0 1.7; and

ratios of components of the composite film satisfy the following conditions (1) to

(5), respectively:
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0.5 to 1.7; and ratios of conponents of the conposite
filmsatisfy the follow ng conditions (1) to 25 (5),
respectively: 4 47 (1) a solid content nass ratio
[(X)/ (W] of the organic silicon conpound (W and the
fluorine compound (X) is in e range of 0.02s

[(X)/ (W] <_ 0.07, (2) a solid content nass ratio

[ (Y) /@YW olkid cdrhient axagairatio [€X)/(WHrof clengrpanmid silid¥n esrdpoudde W) and
phosphoric acid (Y) is in the range of 0.03 <_

KIS0 TR s |

{20 TR ORTRGNE e i (19  dr 30l Q105 ompound (W) and
[(X)] of fl i th

Sk ST A AR P 20T

z)/ 6.0, and (5 | i \ '
% é J§ /éﬁ]ﬁfﬁ%ﬂterﬁf&gﬁﬁpﬁ@@@n{o(tj“zh??o?éag%siﬁgélsq{ﬁﬁéu%d (W) and
organic silicon conpound (W, the fluorine conpound
thexpanadine qompophd(Z)ds irvibd rgnge of 8105 < [BY(WAIa0ildm
conmpound (Z) is in the range of 0.02<_ [(J)/(WX+Y+2)]

< 0. 1) apélichcontétit mlserasio{Z)4e5)] ofthe dotind admpoind(Kaknd the
according to Claim1, wherein the conposite film

vinadhing CoB Rl (Zis# tHe@afde dINSB X(7Y/(7)] £6/82kdd conpound

(C 15 selected fromthe group consisting of cobalt

| f i j
ool i soRPRbke o UAYSRA L7 BF Bk Rapy (5 and e
oRBAR e b8P AP B Bk i Bl ARURF 1
b oo R ks Sl
drying is in the range of 0.05 g/n2 to 2.0 g/n2.
[(Flgna?ﬂ] 4] The surface-treated netal material according

to daiml, wherein the nmetal material is a
zi nc-Pesmudfapd-treated metd imatdrind ticcoPding @ Glaim 4] wh8rein

the composite film further contains at least one kind of cobalt compound (C)
selected from the group consisting of cobalt sulfate, cobalt nitrate, and cobalt carbonate,
in which a solid content mass ratio [(C)/(W)] of the organic silicon compound (W) and
the cobalt compound (C) is in the range of 0.01 to 0.1.

[Claim 3]

The surface-treated metal material according to Claim 1, wherein

a film weight of the composite film after drying is in the range of 0.05 g/m’ to
2.0 g/m?,

[Claim 4]

The surface-treated metal material according to Claim 1, wherein

the metal material is a zinc-based plated steel sheet.

[Claim 5]
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A met hod of producing a surface-treated netal

material, the nmethod conprising the steps of applying

an aqueous netal surface treatnment agent satisfying

the following conditions (1),to (7) onto a surface of

a netal material; and 5 dryi t he aqueous net al

surface treatnent agent at an arrival tenperature nore

t han BoG:thodiof podudihga s@HRE-temtddha¢talombtetial theingdthod somprising
inthe range f 0.05 g/n2 to 2.0 g/ n2, wherein (1) the
thejstepaus: met al surface treatnment agent contains an

organic silicon conpound (W having two or nore

func Ekzq%ﬁ%g 9h AHBSE ﬁr}eé%l %ﬁff&%q{gaﬁﬂgﬁé%gﬁrs%f@g% Ghe following

Si R1 where eac R1, R2 an repre ts an

: [0 i ndependently from
<BhdiRtks G0 ey SRS & it Pyl 8D ccont & an
al kox roup) and one or. nore hydrophilic functional
gr oup“PHHE ‘5? aﬁ‘t“"%“éé‘ﬁﬁé\ﬂ@a‘%@i%ﬁg@ é&&l—%&t 74 ggival temperature more
hydrg>§/l grogg@(a hydroxyl group different from what
tharP € anddessdean 350°Etse thal adilinomeight iginothe rangp )f 0$oe/m to 2.0

am'z no group, in a nolecule, the organic silicon
giohypdendn (W having 15 an average nol ecul ar wei ght of
1000 to 10000; at |east one kind fluorine conpound (X)

sel ec{lgthd dquebis matal sifby teathleDident esitain@itlorghiie @ilictm
hydrof uoric acid; a phosphoric acid (Y); a vanadium
ERFBRN Kavm%aﬂgo & mbRATALRAS! giongs @1 ng%gglgﬁd by Formula

cted from group consi st

53%5??2?‘?@% SR LUK ae %ﬁ'ﬁgﬁ%@g{g‘ﬁ%% B e8RSy group
. i [ .01 1.0 . 20
ippidinfly Holhsrieh otisrerr i kercng,of Uohea rpposgnts i el grqup) and

silicon c%gpound (V% i S obtai ned by conbLniga a silane

ogg gpmoFhy digrinlic fumetiornd gequri(hholatdeashonedking srlprtedifram a

nol ecul e and one glycidyl group in a nolecule, at a
hydtoxpt gronp énhydrexyd graupi diffpren) fréB)What tardbsinemded ih the Fimctional
a solid content mass ratio [(X)/ (W] of the organic

geoupi (@prand ananiinel glovip, iandnol2tulé, ke bigdicisiikof @oipod (W) having
is in the range of 0.02:5 [(X)/(W] 5 0.07, 49 (4) a

afl QvérdgE A0l 0lar WREht bA100D tb 1MDOE; Y leadf oreMndPfigR e Compound (X)
silicon conpound | and t he phosphoric acid (Y) is’in

stiB&ed ABEEHRhuth Qﬁlrg\%l%%p/ wadoéretoﬂiuﬁghﬁcﬁéﬂu&csq%!idé % [phosphoric

content mass ratio € organi c si

TR el UShnp 38 (#2038 B, SRR denk 3 bbb from the
content, mass_ratio [( Z?){ ( Xi] “of the fluorine corfpound
gfoup CORsjsting.of water c?xspem ¢ polyethylene wax, polypropylene wax, and

polytetrafluoroethylene and has a number average particle sizé 0f 0.01 pm to 1.0 pm and
a softening temperature of 100°C or more,

(2) the organic silicon compound (W) is obtained by combining a silane coupling
agent (A) containing one amino group in a molecule and one glycidyl group in a
molecule, at a solid content mass ratio [(A)/(B)] of 0.5 to 1.7,

(3) a solid content mass ratio [(X)/(W)] of the organic silicon compound (W) and

the fluorine compound (X) is in the range of 0.02 < [(X)/(W)] < 0.07,



vanadi um conmpound (Z)is in the range of 1.3 5
[(Z2)/(X)J < 6.0, and (7) a solid content nmass ratio
[(J)/ (WX+Y+Z)] of the lubricant (J) and the
conmponents except the |ubri c%%t (J) is in the range of
0.02 < [(J)/ (WX+Y+Z2)] <_ 0. 17

(4) a solid content mass ratio [(Y)/{W)] of the organic silicon compound (W) and
the phosphoric acid (Y) is in the range of 0.03 < [(Y)/(W)] £0.12,

(5) a solid content mass ratio [(Z)/(W)] of the organic silicon compound (W) and
the vanadium compound (Z) is in the range of 0.05 < [(Z)/(W)] £0.17,

(6) a solid content mass ratio [(Z)/(X)] of the fluorine compound (X) and the
vanadium compound (Z)is in the range of 1.3 < [(Z)/(X)] < 6.0, and

(7) a solid content mass ratio [(J)/(W+X+Y+Z)] of the lubricant (J) and the

components except the lubricant (J) is in the range of 0.02 < [(NAW+X+Y+Z)] <0.12.




