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I ,,_LG 17 ‘SPECI FI CATI ON 5 SURFACE TREATMENT COWVPGCSI TI ON  AND SURFACE TREATMENT
~METHOD, FOR METALLI C MATERI ALS *000002* Tchnical Field 10 This invention

rel ates to a surface treatnent conposition and a surface treatnent nethod
adapted to nmake the surface of a netallic material highly
corrosion-resi stant and pai ntabl e. Background Art 15 Generally, netallic
materials such as Zinc plated steel plates and aluniniun1plates find a

w de variety of applications inclgpg(np]@ATtigNobil e mat eri al s an
el ectric appliances for home use. However, both 2|nc and aJ ﬂMﬂMMﬂM*
drawback that they can easily corrode in air to produce a

product (so-called white rust), which by turn degrades the appeariance of
the netallic material and adversely affects the adhesion of the paint
applied thereto. In view hj treatment process is
general ly used for treati %@Rfﬁgﬁsﬁﬂﬁi@@m@@gﬁg@ﬁ I ¢ mat eru%\mw“m\\m\ ““\

treatn?pt sol ution containing chromc RWﬁd’ dichromc acid or\

ei ther “of themas principal ingredient in order to inprove t *G00002*
corrosion-resi stance and theSpRFACE FHPABMENT METHOR
FOR METALLIC MATERIALS
) Tchnical Field
| 10 This invention relates to a surface treatment composition and

a surface treatment method adapted to make the surface of a

metallic material highly corrosion-resistant and paintable.

Background Art
15 Generally, metallic materials such as Zinc plated steel

plates and aluminium plates find a wide variety of applications

including automobiles, building materials and electric appliances

for home use. However, both zinc and aluminium have a drawback

) that they can easily corrodé in air to produce a corrosion

20 product (so-called white rust), which by turn degrades the

appéarance of the metallic material and adversely affects the
adhesion of the paint applied thereto.

In view of this problem, a chromate treatment process is

generally used for treating the surface of the metallic material

25 with a treatment solution containing chromic acid, dichromic acid

or a salt of either of them as principal ingredient in order to

improve the corrosion-resistance and the paint adhesion of the

surface of the metallic material.
However, in the trend of tighter environment protection in



F

surfaéb of the nmetallic material. However, in the trend of tighter

envi ronnment protection in *159159* 2 recent years, the chromate .
tr'eat ment has becone rapidly unpopular mainly because hexaval ent chroni um
contained in the chromate treatment solgtion hurts the human body.

Addi tionally, waste water containing hexavalent chromumis required to be
subjected to a 5 specific treatnent process conformng to the provision of
Water Pollution Control Law, which by turn raises the overall _

manuf act ur TR§ERbsYearSyr therGhgoBate Hireahment hest becomst abpidly mapepildrs are
classified83§%ﬁ£roniun}c nt am nat ed industrial wastes after use and cannot

be recycle st@cﬁr“ﬁﬁl AYAKCRY hSD OB oOBHRITE ¢ AR othe elchf@@ﬁttrﬁent now
ke th t eJURE ocial . issue.
Veanhi Te. Eoametl Sodut HPELFRR R BERET a8, PRI O! 97 Wbr6 RS use
of chromat eohtginigy t hese dentdcidraiihafe rdgusaédenb Bgeéﬁqué%é@!@i 9
tannic acid and one or nore than one 15 pol yphenol carboxylic acids.” A
metal | i & nmapecifilc treatiseh twvpir bce sy eenlisrisiolgutt botheof prewidiwnacofl Wageroves
the corrosjon-resi stance of the metallic materiallic because the reaction
product of i’@ﬂmﬁl@n abprtrodd Law, nehdchi dyatern alradpesat eieas gvertaddt i ve

coat and revents the invasion of corrosive substances. 20 As a result of
the i ncrea@?ﬂ{ﬁ(ﬁ’é%hﬂgf&osﬂrgh dﬁmtﬁﬂ;ﬂ%&,m chromatgrbreatied i netaddic years,

the protechyiiGqdt hfe C¥1%881t%d as chromium-contaminated industrial
) wastes after use and cannot be recycled. These problems and other
10 problems of chromate treatment now make the use of such a
treatment process a significant social issue.

Meanwhile, known surface treatment methods that does not
involve the use of chromate include those using a surface
treatment agent containing tannic acid and one or more than one

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

acid and the metallic material operates as protective coat and

prevents the invasion of corrosive substances.

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

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

JPA 53-~121034 discloses a surface treatment method of applying

an aqueous solution of water-dispersible silica, alkyd resin and a
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required to be highly corrosion-resistant. However, protective coats of
‘metallic materials formed by using tannic acid alone or in conbination
with one or nore than one inorganic substances 25 cannot neet the

requi rement of high corrosion-resistance. Therefore, currently, the use of
tannic acid for the surface treatnent of netallic materials is not

I ndustrially feasible. JPA 53-121034 discl oses a surface treatnent nethod

f appl yi : S ti ter-gdispersible iLipa, al. k q,resin
and o 11 ariatsoRfTdne R, B )y St oér if‘“quﬁég Friivaital i T
[ t3 r 3 1St u
?LSFLd}ggb?E%?g§2i4 g??%n Jggrf§§%§bggg?%% cl"0se surface treatnent nethods

for providi ngAamosseal bf cpatenaiesintint ifc RANLESTPNF7e245E ANGE By Usi ng
water-sol uble resin of a derivative of a hydroXy pyrone conpound and
met hods f & 7380 dliisgil nge asurdnae| treataeat i mé theidshfeorprosi afmg esnstancie by

' - sol e or water-dispersible polyner of a hydroxy styrene
gzlnggu?-?d. ﬁ%&@@wﬁ?i} HIFOSAPNTHRS 18ha0ee | his tisdngeraiedsse b learesimatfori | y

: L] i al h a.level of
corr oai ontr SNALIE GRS PhydhdRF, DbubGd” chibiind. a3 nohags fare above
poi nt ed_opowFdiaermé eiMie Heg juadi i c%'}?BEiQﬁ—;}%%zagﬂfcs%@ "SR e,

reali zed any non-chrom umtype surface treatnen

treat nentwatdthedltbleaire whoértispedssh et abll jfer W8t 8 EAloxY Eyine
remar kabl e | evel of corrosion-resistance. g|sclpsure C§ he Ing%ntlon !n
vi ew of t®&RINMMHHe i dentified circumstances, it is therefore 20 the object

' ' t ovide a non-chrom umtype surface treatnent
agent 1PPat miRUEVEr AITRCORakE PEPEe b Gtpa methods cah satisfectorily

form a coat on the surface of a metallic material to such a level
of corrosion-resistance that it can replace a chromate coat. Thus,
the above pointed out problems remain unsolved. In short, there
has not been realized any non-chromium type surface treatment
15 agent nor surface treatment method to date that provides metallic

materials with a remarkable level of corrosion-resistance.

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

chemical structure and a colloidally dispersed inorganic compound.
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corrosi on-resistant and paintable. As a result of intensive efforts for
solving the problenms of the prior art, the inventors of the present
invention cane to find 25 that a highly corrosion-resistant, paintable and
coin-scratch resistant coat can be fornmed on the surface of a netallic
material by using a surface treatnent agent containing as ingredients a
silane coupling agent, a water-soluble polyner having a specific chem cal
struct ur eThedpresealt! dnvied iwndi s pRrse@doh MY iGa T fd ppgrpound. 4 The present
invention is based on this finding. Thus, according to the invention, there
is provided allus,faceordingatoetite donpnsidi,onhtpe bies ysedi dedr aasptade i C
material, said aqueous cqnposition conprising: 5 (A a silane coupling
agent contE¢HHR loREMRRS IFdPB thae vaed n’gm aneneridlicnpatemialindssaiavi ng at

| east a r ,\ve functianal raup_sel ected from an
active-hy%ﬁﬁ%ﬁﬂ%—SBHPéétﬁlﬁﬂ SHHI SdP8up, an epoxy group, a vinyl group, a
mer capgo gro apd h y : gne  or nore. than one
vvater-t‘ssol ubl Lej(mgo?ysng]r%?et eggplmolel Sgglé%g’é@égﬁﬁa 8RN MOTy ﬁéﬂ‘%o f) bel ow
and show giglare 2vap R o886 ri i VERRL 2 115 (1)
where X bonded to ?hgﬁ%enzgﬁgﬂrfﬁgp?@%gggeﬁ?ééquegéogen a gﬁgtgﬁaio
hydroxyl &fr@ipp sedec ted yiirogr ammonii ve-lardrogbn ot tariaind Hnoaghmes,oxual ky!
group with any of Cl1 thnou?h C5, an aryl group with any of C6 through Cl2,

a benzyl p 8T QUe iz A1 NYt KAPUPand NATSADPEHP o kdiphy dnd ear metharupxgdapt ed
to be COQH%R&Sd with said
' 10 (B) one or more than one water-soluble polymers, each being

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

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

15 —J CllZW_ (1)

_ Ny

) where X bonded to the benzene ring represents a hydrogen'atom, a
) 20 hydroxyl group, an alkyl group with any of Cl through C5, a
hydroxyalkyl group with any of Cl through C5, an aryl grbup with
any of C6 through Cl2, a benzyl group, a benzal group, an
unsaturated hydrocarbon group adapted to be condensed with said
benzene ring and form a naphthalene ring or a group expressed by
25 formula (II) below: "
where each of R1 and R2 represents a hydrogen atom, a hydroxyl
group, an alkyl group with any of Cl through C5 or a hydroxyalkyl
group with any of C1 through €10, each of Yl and Y2 bonded to the

respective benzene rings in formulas (I) and (II) representing a Z



R
benzene ring and form a naphthal ene ring or a group expressed by 25
formula (11) below. where each of RL and R2 represents a hydrogen atom a
hydroxyl group, an alkyl group with ané of Cl1 through C5 or a hydroxyal kyl
group with any of G through CIO each ef Y1 and Y2 bonded to the
respective benzene rings in formulas (1) and (I1) representinga Z5 R 1| --
- R2} 510 VR3 - CH2 - N15 Y2 group expressed i ndependently by
formula (11l1) or (1V) below ill R4 /R5 Cl12 - N-116 R7 -'" (in) ( JV
) where each of R3, R4] R5, R6 and R7 represents a hydrogen atom an 20
al kyl . group wthrany-of G ghprough ClIO or a hydroxyal kyl group with any of
Cl through C10 i ndependently relative to each other and the average nunber
of substitutions of Z proup in each of the benzene rings of said polyner
mol ecul e is between )/ ANand 1.0; and

(1)

J Y 2
H

group expressed independently by formula (11I) or (IV) below:

0 ////113

(m)

" — ///RS —+ .

—4— cH2 — N ~—RE6
) where each of R3, R4, R5, R6 and R7 represents a hydrogen atom, an

! 20 alkyl group with any of C1 through C10 or a hydroxyalkyl group
with any of Cl through Cl0 independently relative to each other
and the average number of substitutions of Z group in each of the
benzene rings of said polymer molecule is between 0.2 and 1.0; and

(C) one or more than one inorganic compound selected from a

25 group of silica, silicates, compounds of metal salts and a mixture
of any of them, each are being dispersed in said aqueous medium in
a colloidal state.

In a surface treatment composition according to the invention,

preferably, the ratio by weight of said component (A) that is



o) Ly
(C one or nore than one inorganic conpound selected froma 25 group of
silica, silicates, conpounds of netal salts and a m xture of any of them
each are being dispersed in said agueous mediumin a colloidal state. In a
surface treatment conposition according 6o the invention, preferably, the
rati o by weight of said conponent (A) that is 6 silane coupling agent to
sai d conponent (B) that is water-soluble polyners namely (A) : (B) is

bet 1:10,and 10: d the rati f d t (O that
s .Wﬁﬁi‘gamsalé‘ﬁwﬂi’%%&eﬂyet&%@sﬁl co%mr& ' i ap Wl polsle

Pt he Ty RRFHISE, é?@?@?d@ JOEERIIE ”e?{&?er@ 197534 4RE B0 | ng”
ooe i | 2‘32"25“8%%85’%020%%0%%?1“5 e 18 AORD iSOTAGRae AhenalE FH92"
hydr ogen- cont @), nﬂameﬂym(()gr oupér)and (BY) i ?irbﬁé‘xedlﬂngBbw&ahrﬁqutand

cont ai ni ng one or nore t han one sil ane coupl 1 ng COT‘I’pOUﬂd avl ng one or

nore than bne epoxysil ane groups In a surface treatment conposition
according to the |nveFt|on eferab@g t.he equivalent ratio of the

acti ve- hydr ogerlt CoRthi#ithg Tea5netH IR DIIoNCRPrEidiag 1o dwi dnzentana,
| t t d
coupl i ng bEetergBly; o salg, WP AP A Sa fE L ARG Lubdibpersent
d ls h f
conposi ti oforpedardiap é%maﬁeldb@f}ﬁhgndgenm €§ﬂﬁ2\1¥§|%ﬁ§ at %8{;%?}8%' ght o

the sum of said silane coupling 20 agent (a i I"an
agent (b) ome ﬁlldnammmlsngum@omdmmvmgrrm@eu’xt mo B, tmmbbre[é&)lvé—(b)]

(B) 1s 8etﬁ§§?gg%n5coﬁ¥;%n?né amino groups and (b) a silane coupli
pling agent
containing one or more than one silane coupling compounds having
one or more than one epoxysilane groups.
In a surface treatment composition according to the invention,
preferably, the equivalent ratio of the active-hydrogen-containing
15 amino groups contained in said silane coupling agent (a) to the
epoxysilane groups contained in said silane coupling agent (b) is
between 3:1 and 1:3. |
In a surface treatment composition according to the invention,
preferably, the ratio by weight of the sum of said silane coupling
20 agent (a) and said silane coupling agent (b) to said water-soluble
polymer component (B), namely [(a) + (b)] : (B) is between 1:5
and 5:1,
In another aspect of the invention, there is provided a
surface -treatment method to be used for a metallic material
25 comprising:
using a surface treatment aqueous composition according
to the invention with the pH value regulated to between 2.0

and 6.5 to put and adhere to the surface of the metallic
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| m anot her aspect of the invention, there is provided a surface treatnent
nethod, to be used for a nmetallic material 25 conprising: using a surface

t r'eat ment aqueous conposition according to the invention with the pH val ue
regul ated to between 2.0 and 6.5 to put 7and adhere to the surface of the
metallic 7 } material and drying it to forma coat having a dried weight of
between 0.01 and 2.0g/n2. Wth a surface treatnent nmethod according to the

i nvention, preferably,. the surface of the netal.lic rial eat ed
is 5 prel iIﬂﬁﬂr%%”rlially‘J“ElaedartyéﬁlgbyL r%’aﬁ%r%fa ézoﬁﬁo]é‘b\h i ngﬁ‘i&éfp}”égﬁlﬁg t|c())ﬁfocess
bef ore adheyrei ng_sai d; aqueau rface treatnent solution to the surface of
the nmetalli eﬁWﬁ%@rﬁaﬁl éﬁ? gg@?@?bed above,.a surface Freatnpnt poqposition
to be used fonysgynet allig a8t @ldrakn ¢ aRdoldadridiagi t evel dnvésst fam,
aqueous 10 solution containing conponent (A) which is a silane coupling

agent cont ajpdfgradNg, otheveuefidwnfobke sidtanéicagtieirig] campeutiteatediisg a
specific reactive functional group, conponent (B) which is one 0{ JTor e
t han oneb5wapre}isrinabi by ghreaved rssmeany gl pdl yPRIPIAAINGEg & 3peRidliiPEani no

group and conponent (C) which js one.,or nore than,5 ope i.nargani ound
sel ected frBFACGESS b@%)o’&ﬁ aé‘h’ﬁr%]aﬂg sﬁﬁi‘@aﬁoé@f’uscmg&ﬁas&b‘?mrmgpgl Q@%tﬁgﬁgnd a
m xture of a f them eac [ [ tsed in said agueous nediumin

a coll oi dal Q¥aﬁﬁiS?ﬁﬁé%%Pzngﬂéé%§§?2§3§%ﬁ%23§§s contai ned in the conponent
(A) are not subi eekefifed abyvs! Gk ade ltrebtiditonsnposiving 86 lsaatsedt 20

them has at | east a reactive tunctional group selected from an
) for a metallic material according to the invention is an aqueous
10 solution containing component (A) which is a silane coupling agent
containing one or more than one silane coupling compounds having a
specific reactive functional group, component (B) which is one or
more than one water-soluble phenol resin type polymers having a
specific amino group and component (C) which is one or more than
15 one inorganic compound selected from a group of silica, silicates,
compounds of metal salts and a mixture of any of them each are
being dispersed in said aqueous medium in a colloidal state.
The silane coupling compounds contained in the component (A)
} are not subjected to any structural limitations so long as each of
20 them has at least a reactive functional group selected from an
active-hydrogen-containing amino group, an €poxy group, a vinyl
group, a mercapto group and a methacryloxy group. Specific
examples of silane coupling compounds that can be used for the
purpose of the invention include those listed in (@ through &
25 below:
@ compounds having an amino group:
N- (2-aminoethyl)3-aminopropylmethyldimethoxysilane,
N- (aminoethyl) 3-aminopropyl trimethoxysilane and

3-aminopropyltriethoxysilane.



acti ve- hydr ogen-cont ai ni ng am no group, an epoxy group, a vinyl group, a
mercapt o group and a nethacryl oxy group. Specific exanples of silane
coupl i ng conpounds that can be used for the purpose of the invention
include those listed in (Z through O 25 below 0 conpounds having an am no
group: N (2-am noet hyl ) 3-am nopropyl net hyl di net hoxysi | ane,

N- (am noet hyl ) 3- am nopr opyl t ri net hoxysi | ane and

3-am nopropyl tri et ysilane. 9 produced coat can be saturated if the
equi val ent aé¥%$8p8§ﬁ§h“38§i@é_ &Vo%@ﬂgbontaining am no groups to the

epoxy groups isaq_ " : h of the water-soluble

pol yners of theBCg%L%éntga?%tIﬁggg%%b)slselcﬁﬁgr t he purpose of the
invention is ei ghglyeitedXypoopEneahy i Rl oHoRYs Alkhd Agqaver age degree of

pol ynmerisation of the formula (1) 1s between 2 and 50. In the formula (1),

X bonded to the2bédzetepoxiynyc rapmgd petlsy larihgthonysi lgneup, an al kyl group
with any of O through C5,such as _10 nethyl group, ethyl group or propyl
group, h@r GRPBPWNAS grayhpg v t\i IAAYEIFURG  t hr ough C5 such as hydr oxynet hyl

group, hydroxyeth s or. hydroxypropyl group, an aryl group with any
of C6 through CﬂéngtUﬁfgﬁgﬁﬁ% ®9roup or naphthyl group, a benzyl group,

a benzal gggﬁ@omgguﬂa§q%ﬂgﬂ$ggn@xgﬁg%ﬂ#ﬁgﬂggroup adapted to 15 be condensed

with said Zene ring an orma n ne ring such as -CH=CH CH=CH
group or :CH-Ckecmbﬁagpu@p@upyxnri@egm@%?gi]gﬁ@yessed by the above fornul a
nde

(LI'). Each of RI and R2 represents i pendently relative to each
) compounds having a methacryloxy group:
10 J-methacryloxypropyltrimethoxysilane and
3-methacryloxypropylmethyldimethoxysilane.

Preferably, the component (A) that is a silane coupling agent
to be used for the purpose of the invention contains (a) a silane
coupling agent containing one or more than one silane coupling

15 compounds having one or more than one active-hydrogen-containing
amino groups and (b) a silane cdﬁpling agent containing one or
more than one silane coupling compounds having one ore more than
one epoxysilane groups.

J When the component (A) in a surface treatment composition

| 20 according to the invention contains (a) a silane coupling agent
containing active-hydrogen-containing amino groups and (b) a
silane coupling agent containing epoxysilane groups, preferably,
the equivalent ratio of the active-hydrogen-containing amino
groups to the epoxysilane groups contained in said silane coupling

25 agent is between 3:1 and 1:3. The coat obtained from the surface
treatment composition performs only poorly in terms of corrosion-
resistance and paintability if the equivalent ratio of the active-
hydrogen-containing amino groups to the epoxy groups exceeds 3:1,

whereas the corrosion-resistance and the paintability of the
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ot her 'a hydrogen atom a hydroxyl group, an alkyl group with any 20 of C

through G5 such as nmethyl group, ethyl group or propyl group or a
hydr oxyal kyl group with any of O through Cl O such as hydroxynethyl group,

hydr oxyet hyl group or hydroxypropy] grodp . Each of Y1 and Y2 bonded to
t he respective benzene rings in the formulas (1) and (l11) represents a Z
group expressed 25 independently relative to each other by the above

formul a (Igriofduesd dday) odR4i + RS R6..and R7 in the abgve fornul as
(111) and |(’LI'V) hre rdesgﬁlfgfa;r?gg ﬁyedgr(i)ﬂp%vaet heglﬁ&a?@nél lf‘hTrl(?uBﬁ @?90 such
as net hyl agloup; genecata gl n@rafdyb hy d | kyl roup with
any of C throu%g@CS such as hy%%oxynnt%??ﬂgrggp?ug% Eg§¥%x§%PH9$ Hﬁoup or

hydroxyprdBWPrg? plFadependentIy relative to each other. Each of X and Y1
bonded to a benzene ring in

in the formnul | );;and Y2 in the formula (11)
t he pol yner n@‘?c((é)@)gﬂ& n%%F%bé’?tH]éeéA@ﬁﬁr“@]&él@rD@l}ﬁlfeafseuf threogodponéhtor Y2
| ecul e. The average nunber of

bonded h ' ' Lot
onded 5t 0 (BPNE, ?‘eze%%%ﬁ%?ﬂegiéﬁ%apweO bgﬁ%erﬂéwrenﬁg@l ofs s&il thepolaymer

substitutions o
nol ecul e obidmieresn H.pdl h LLep t st he average. degree of
pol ymeri sation 10 mhig% ?ggﬁé?ﬁiéﬁgzgﬁﬂéggoa&$%% ﬁél%%b@??l§g?bﬁ{%£f t he

obt ai ned Peg yiwnuis (o isnbéiwden Rekel BHoe produced coat satisfactorily
corrosion-re istﬁgt if the value of nis smaller than 2, whereas both the

obt ai ned sur -4c&h€ r kg At (Dongobondesh toanite tieazaneesiuy resaés@Rk ol ution
cont o L RIS RSPl T B0 e b
10 methyl group, ethyl group or propyl group, a hydroxyalkyl group
with any of (I through C5 such as hydroxymethyl group,
hydroxyethyl group or hydroxypropyl group, an aryl group with any
of C6 through Cl2 such as phenyl group or naphthyl group, a benzyl
group, a benzal group, an unsaturated hydrocarbon group adapted to
15 be condensed with said benzene ring and form a naphthalene ring
such as -CH=CH-CH=CH- group or =CH-CH=CH-CH= group or a group
expressed by the above formula (I1).
Each of Rl and R2 represents independently relative to each
) other a hydrogen atom, a hydroxy! group, an alkyl group with any
' 20 of C1 through C5 such as methyl group, ethyl group or propyl group
or a hydroxyalkyl group with any of Cl through CI0 such as
hydroxymethyl group, hydrdxyethy] group or hydroxypropyl group .
Each of Y1 and Y2 bonded to the respective benzene rings in
the formulas (I) and (I1) represents a Z group expressed
25 independently relative to each other by the above formula (I11) or
(IV).  Each of R3, R4, R5, R6 and R7 in the above formulas (11D
and (IV) represents an alkyl group with any of Cl1 through €10 such
as methyl group, ethyl group or propyl group or a hydroxyalkyl
group with any of Cl through (5 such as hydroxymethyl group,



“The average number of substitutions of Z group as used herein refers to

t he average val ue of the nunbers of the Z groups introduced into the
entire benzene rings of the pol yner ﬁgule. 20 If, for exanple, n = 10 in
the formula (1). and X represents a benrZene-ring-containing group as
expressed by the fornula (11), the nunber of benzene rings per polyner

nol ecule is twenty (20). If a Z group is introduced to each of ten (10)

benzene ri f t ri - r : . Of
subst 1t ut i BasoE Ut arb TRV SRAERRSLTERER, 1B ) L (o
x 10)] / 130e5cR.Sthelhe obtai ned pol yner does not show a sufficient degree
of solubility to water and nake the surface treatnent conposition

unstabl e if tBaclawer Agendidiibén ole sfdrailaui)oradoY2 Zgrthepfommilas¢I L t han
0.2, mherg s .t he obtai ned polyner w |l be excessively water- sol uble and
the produ®eBdedato & PenzRRe B”éngatlil sthecpelymer god eosieomay- besihe asaneor

painta e if th er age, hu it ons of roup exceeds 1.0. 5
Each of R&St Af o‘ﬁ’gﬁéﬁ?n?nf k0 Z '@ E@%&r&:s}geﬁouﬁy Ottlhgr %ﬂrﬁlﬂﬁar(ﬂg 1) or
(1v) reprE?egﬁélﬂﬂ %hF%I group mnth any of C through Cl10 or a

hydr oxyal gr oup "w any of O through C10. The produced coat perforns

only poorly | Thd g apé xﬁm(b@@soprsuummmeeo@nzi u'Bt @‘f?'ééﬁ]hyoh“ftﬁé"e

nunber of carbon atons is equal 10 to or greater an 11 I rdly, C that
is at | eabenzere iniogganf saddnpolymbrsebéetield itr olmme@mou@ Dfardli 1j @a,
s5llcates gPounds of netal salts and a mixture of any of themfor the
pur pose ogh?h HeBRESFH Sshotihe bévespget o 18688e& per 9€d POl MEIrdsabimous

medi ug N gy fAH ! s e il 2 and 50. The molecular weight of the
obtained polymer is too small to make the produced coat
satisfactorily corrosion-resistant if the value of n is smaller
than 2, whereas both the obtained surface treatment -composition
and the aqueous treatment solution containing such a composition
15 are unstable and disadvantageous in practical applications if the
value of n exceeds 50.
The average number of substitutions of Z group as used herein
refers to the average value of the numbers of the Z groups
! introduced into the entire benzene rings of the polymer molecule.
20 If, for example, n = 10 in the formula (I). and X represents a
benzene-ring-containing group as expressed by the formula (I1),
the number of benzene rings per polymer molecule is twenty (20).
If a Z group is introduced to each of ten (10) benzene rings out
of the twenty benzene rings, the average number of substitutions
25 of Z group of the polymer molecule will be [(1 x 10) + (0 x 10)] /
20 = 0.5. |
The obtained polymer does not show a sufficient degree of
solubility to water and make the surface treatment composition

unstablé if the average number of substitutions of Z group is less




15 Therefore, the conpound is preferably supplied in the formof fine

‘particles. Specific substances that can be used for the purpose of the

i nvention include fumed silica or colloidal silica, precipitated silica,

natural powdery quartz, diatomaceous earth, |oess, silicates such as

montnorillonite, synthetic nmagnesium 20 silicate such as Labonite

(trademark), titaniasol zi rconi asol , aluninazol barium sul fate, zinc
03| i on according
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metallic material is reduced to make the coat perform wunsatistactorily in
terns of chrgmmipoexcesdstlafice and paintability when the ratio by weight is
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corrosi n-r esifgCincer dh  thapuglabRli iy WheenZt geourasso enpressehtbestbeeds

E?feit?éﬂttﬁoo%ﬁ ?rm“tmﬂgﬁﬁgséﬁ LR eht ke €roub i thafins o) iELIane
[S?IA? iOErlg,) pre@erabeh%ga)g ]ﬁ?}ﬂ dgréﬁ%r@?gﬁrlhtnygrﬁi @Bt atlglr?é%é}?(r)@!toyshom

i nsuf fici eftfe wmau@@d codltr epgiforagd sl wnpabi Bf aGhor Yerny ber &&r¥fsion-
palntablllty and coin- scratch-resistance when the ratio by weight is |ess

tWan 1:5 arfsisdanpe mnhmemntdﬂluma i hiarhganimbenmfooarbanCatoss viess eqlialy,
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Thirdly, C that is at least one inorganic compound selected
from a group of silica, silicates, compounds of metal salts and a
mixture of any of them for the purpose of the invention should be
apt to be dispersed in said aqueous medium in a colloidal state.

15 Therefore, the compound is preferably supplied in the form of fine
particles. Specific substances that can be used for the purpose
of the invention include fumed silica or colloidal silica,
precipitated silica, natural powdery quartz, diadtomaceous earth,

) loess, silicates such as montmorillonite, synthetic magnesium
20 silicate such as Labonite (trademark), titaniasol, zirconiasol,
aluminazol, barium sulfate, zinc phosphate and iron oxide red.

In a surface treatment composition according to the invention,
the ratio by weight of said component (A) that is silane coupling
agent to said component (B) that is water-soluble polymers, namely

25 (A) : (B) is preferably between 1:10 and 10:1 and more preferably
between 1:5 and 5:1. The adhesion of the composition to the
underlying metallic material is reduced to make the coat perform
unsatisfactorily in terms of corrosion-resistance and paintability

when the ratio by weight is less than 1:10. The produced coat
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ﬁmhén the ratio exceeds 5:1 and the content ratio of the inorganic conpound
(© is,very high. 15 Now, a surface treatnent nethod according to the .
invention will be described in detail. A method according to the invention
uses an aqueous surface treatnment solutilén containing a surface treatnent
conposi tion of above and with its pH value regulated to between 2.0 and
6.5 to put and adhere to the surface of the 20 netallic material and drying
it to for havi ng i ed i ght r unit area between 0.01 and
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25 is heated jandfdthedonpbhén® @Qriaosrdyr Baghent nethod according to the
invention, the aqueous surface treatnent solution is regulated by diluting
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obtained coat of the surface treatment composition performs only
poorly in terms of corrosion-resistance, paintability and adhesion
when the ratio exceeds 5:1 and the content ratio of the inorganic
compound (C) is very high.

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

) between 2.0 and 6.5 to put and adhere to the surface of the
' 20 metallic material and drying it to form a coat having a dried
weight per unit area between 0.01 and 2.0g/m2?, preferably between

0.05 and 1.0g/m>. Preferably, the aqueous surface treatment

solution is made to contact the surface of the metallic material
at temperature between 10 and 60°C for 0.1 to 30 seconds before it

25 is heated and dried.

With a surface treatment method according to the invention,
the aqueous surface treatment solution is regulated by diluting
the surface treatment composition with a water when necessary. At

this time, the pH value is regulated to between 2.0 and 6.5 by



‘ islless than 2.0, whereas the service life of the aqueous treatnent
solutipn is curtail ed because the conponent (B) that is water-soluble

polymers is apt to precipitate and deposit out of the aqueous surface
treatnent solution when the pH val ue exddeds 15 6.5. Techni ques that can
be used for contacting the surface of a netallic material with a surface
treatnment conposition according to the invention are not particularly
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The treated netallic naterial is preferably heated and dried. 25 The

hﬁat i nah t etiperaguiooes i supfeter aleptbenweso 1 50i eind s280egullated hdail @sbeg not ed
t hat, en the surface treatnment conposition accordjng to the invention is
brought5irﬁhﬁﬂ@bﬁtb@taﬁmdbhaﬂkﬁﬁldﬁﬁtBh¢SRbaﬁﬁt%ﬁdz;r,asghﬁﬂaﬁetWRQQQetQﬂyions

arised fromthe. netalli terial mxed with th f

composi t1 ofF anlﬁm% 818" GoH] SRomporlbiie (Ebeledh¥im sl G/ te 1s
precipitates i NN R t d

t he surfacgegqlﬁggézgatbeggﬁ%g?f'gﬁ gﬁd %qneagﬁ %vée&@é% E?I‘ZIgglrﬁi rtlggétg%%} @gﬁat t gan
be used fgiithenPaidase Shrtdie ofvend meRal nedtedsa FDIA re@¢t akh Sther

triethanol amne, gluconic acid, heptgluconic acid, oxalic acid, tartaric
adid, maliexcessdvahd dogapiedigeosphordefeative . Aostrf dd@tactizve agbnt may

D o Tl ear Esh- rbt FLATR " hnd Pt 801 GRALAS P vhIEe
is less than 2.0, whereas the service life of the aqueous
treatment solution is curtailed because the component (B) that is
water-soluble polymers is apt to precipitate and deposit out of
the aqueous surface treatment solution when the pH value exceeds

15 6.5. |
Techniques that can be used for contacting the surface of a
metallic material with a surface treatment composition according
to the invention are not particularly limited. Techniques that
J can be used for the purpose of the invention include immersion,
20 spraying and roll-coating. While the treatment temperature and
the treatment time are not subjected to particular limitations.
However, the treatment temperature is preferably between 10 and 60
C and the treatment time is preferably between 0.1 and 20 seconds.
The treated metallic material is preferably heated and dried.
25 The heating temperature is preferably between 50 and 280°C.
It should be noted that, when the surface treatment composition
according to the invention 1is brought into contact with the
metallic material, some of the metal ions arised from the metallic

material mixed with the surface treatment composition and reacted



the contact with the netallic material. Surface active agents 10 that can
be used for the purpose of the invention include commercially avail able
ani oni c surface active agents of the carbonic acidate type, the sulfate
type, the sulfonate and the phosphate tlfpe, non-ionic surface active
agents of the polyethyleneglycol type and the cationic surface active
agents of 15 the pol yal cohol type and am ne type. For the purpose of the
i nvention, ihe netaIIHF teri% el ect ed E£0n1an iﬁgn sheet, a
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corrosion-resistance and paintability. Chemcal plating includes
substitutiused portileg ofirmussal vf thekdéhyvesojpper inchale, BDTAerCyedTAgol d. 25
Wil e the reason why the corrosion-resistance and the paintability of a
netal | i % ridtiéthano tqudaeedg Bicomdanaciot, ahepigHienie racitdpenoxebimaesiidi on

di he inventijon. N d. i I . Ho , th
ol | owi ng R8I iy thee st ofei 0 FRAGETeah e, PHEspBoFtY a8 surtace of the
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hardly soltdiel eortent aidhgthenemstakkicemater el .net Sitfacemactivenl ageben, the
har dl yl(f’mt'ﬁ%lte gé)nat b%pelrlgetdes £oF bt e ipﬁg"pésoe reoqarcﬁgblﬁllvention include
commercially available anionic surface active agents of the
carbonic acidate type, the sulfate type, the sulfonate and the
phosphate type, non-ionic surface active agents of the
polyethyleneglycol type and the cationic surface active agents of
15 the polyalcohol type and amine type.

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

J Additionally, it may be selected from pre-treated steel sheet by
| 20 a phosphate film formation process or chemical plating process.

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

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

true. Firstly, the surface of the metallic material is etched by
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~inprove the corrosion-resistance of the netallic material. However, since
the coat would not strongly adhere to the netallic material, the conponent
of the silane coupling agent is used so that the 10 functional group (-
group) in the hydrol ysed silane couplinglbagent may form an oxane bond on
the surface of the netallic material, and further the other functional
group in the silane coupling agent may react with the conponent of the
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) the component of the silane coupling agent is used so that the

10 functional group (-OR group) in the hydrolysed silane coupling
agent may form an oxane bond on the surface of the metallic
material, and further the other functional group in the silane
coupling agent may react with the component of the water-soluble
polymers to improve the adhesion of the water-soluble polymers to

15 the surface of the metallic material.
Additionally, the component of the inorganic compound that is
colloidally dispersed in the solution produces fine undulations on
the surface of the metallic material, which fine undulations
effectively anchor the paint film formed on the surface to ensure

20 a satisfactory paintability and the strong coin-scratch resistance

of the surface of the metallic material.
Examples And Comparative Examples

Now, the present invention will be described in greater detail
25 Dby way of examples, which by no means limit the scope of the
present invention,
1. Metallic Materials Used in the Examples
@ cold rolled steel sheet (SPC)
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| umi ni um sheet (AL) conmercial |y available grade of Jlsaﬁ§50$ﬁeosurface
(1) al u 10 2. Method of Pre-deaning of Metallic Nhteglb spr e ourt
tplglpezf'the above i st ed metallic materials was tregﬁgducg bs hﬁhon
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. i : . the component (A) of silane
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val ue was a(égs gﬁﬁ}ﬁfﬁﬁ hbky dghoni sed water to make it contain 10% of
osition @nsgy tion B>
ggggosition counted in s§®|d gg?ght. <Treatnent Sol utio
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10 2. Method of Pre-Cleaning of Metallic Materials,
The surface of all of the above listed metallic materials was
treated by spraying a medium—alka]ine degreasing agent (Fine
Cleaner 4336: Product by Nihon Parcalizing Co., Ltd.) onto the
surface of the metallic material at temperature of 60°C Tor 20
15 seconds to pre-clean the surface and remove the dirt and oil
- adhering to the surface. Subsequently, the surface is washed with
tap water to remove the residual alkaline solution to completely
clean the surface of the metallic material.

20 3. Composition of Surface Treatment Solution
{Treatment Solution A>

3-mercaptopropoyltrimethoxysi]ane was used for the component

(A) of silane coupling agent, and water-soluble polymers with

n=25, X =hydrogen and V] =7 = ~CH.N(CHs), and the average

25 number of substitutions of 7 group = 1 were used for the component

(B), while colloida] silica was used for the component (C) of
inorganic compound and the three components were adjusted to make
(A : (B) =1 : 8 and ©) : [ + B)] =1": 5. Then, the pH
value was adjusted to 5.0 by using H,SiFs and subsequently the



t he average nunber of substitutions of Z group = 0.75 were used for the
component (B), while alumna so] was used for the conponent (C) of .
i norgani ¢ conpound and the three conponents were 10 adjusted to make (A)
(B) =5: 1and (C : [(A + (B) | =1 :I71. Then, the pH val ue was
adjusted to 4.0 by using HF and subsequently the conposition was dil uted
with deionised water to make it contain 10% of corrposi tion counted in
solid weight. <Treatnent gﬁl triet h yS| I ane + 3-
I
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Then, the pH value was adjusted to 4.0 by using HF and
subsequently the composition was diluted with deionised water to
make it contain 10% of composition counted in solid weight.
{Treatment Solution C>
15 3-aminopropyltriethoxysilane + 3-
glycideoxypropylmethyldimethoxysilane (the equivalent ratio of the
active hydrogen in the amino group : the epoxy group = 1 : 2) were
used for the component (A) of silane coupling agent, and water-
) soluble polymers with n = 5, X= -CH;-CsH,-OH and Yl=Z= -CH.N(CHs) »
20 and the average number of substitutions of Z group = 0.75 were
used for the component (B), while barium sulfate was used for the
component (C) of inorganic compound and the three components were
adjusted to make (A) : (B) =1 : 1 and (C) : [(A) + B)] =
Then, the pH value was adjusted to 4.0 by using H,TiFs and
25 subsequently the composition was diluted with deionised water to
make it contain 10% of composition counted in solid weight.
{Treatment Solution D>
d-aminopropyltriethoxysilane o+ 3-
glycideoxypropylmethyldimethoxysilane (the equivalent ratio of the



5.used for the conponent (B), while colloidal silica was used for t he
‘conponent (© of inorganic conpound and the three conponents were adjusted
to make (A : (B) =1 : 1 and (O : [(A d- (B)] =4 : 1. Then, the pH

val ue was adjusted to 3.0 by using phosph®ric acid and subsequently the
conposi tion was diluted with deionised 10 water to make it contain 10% of
conposition counted in solid weight. <Treatnent Sol ution E>
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H2Ti F5 and hos or| i d,and subsequently the conposition was dil uted
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the leﬁalwateJ to make it contain 10% of composition counted in solid
weight.
<Treatment Solution E>
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane + 3-
glycideoxypropylmethyldimethoxysilane (the equivalent ratio of the
15 active hydrogen in the amino group : the epoxy group = 1 : 1) were
used for the component.(A) of silane coupling agent, and water-
soluble polymers with n = 5, X = hydrogen and Y1 = Z = ~CH,N(CHs),
and the average number of substitutions of Z group = 1 were used
J for the component (B), while colloidal silica was used for the
20 component (C) of inorganic compound and the three components were
adjusted to make (A) : (B) =1 : 1l and (C) : [(A) + (B)] =
Then, the pH value was adjusted to 4.0 by using H;TiFs and
phosphoric acid and subsequently the composition was diluted with
deionised water to make it contain 10% of composition counted in
25 solid weight.
<Treatment Solution F -Comparative Example>
Water-soluble polymers with n = 5, X = hydrogen and Y1 = Z =
~CH.N(CHs), and the average number of substitutions of Z group =1

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



t he cdnposition was adjusted to 4.0 by using H2Ti F6 and phosphoric acid
and subsequently the conposition was diluted with deionised 5 water to nake

it contain 10% of conposition counted in solid weight. <Treatnent Sol ution
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for the co Qﬂﬁﬂt éA of ﬁih@peéco | i ng agent |Ie r- sol ubl %
pol ymers wi ' £ gOIRPNenky roden Egaﬂlc- GoILp %@ SPRPARBL3ver age

nunber of gﬂg%t I f r wenre. u ed t C t £B) and
t he conponents \%\lg;ll%é%?l}gt%§§ (@Plrake(B(BA) 5° F(B) ffﬂén f@e i1{]'?’1?)\%%{éhe{ppH

val ue of thﬁl@ﬁ@ﬁﬁ@@ﬂﬂl@ﬂ #as atyse@do f4003b:9 MngSHmIﬁh%MﬂEdsﬁamﬁ@ and
subsequent |y the conposition was diluted with deronis water to make it
contai n 10%adfl andnpdsiegient puhtedonpvsdalonl weisgdt 1utek edtheddioBdkedi on H
- Conparative exanple> 20 3-nercapto ropoyltrlnethoxy5|lane was used for the
conponen® WaApToto s}la@nétco@cpﬂuaﬁg a9 kittd pn s tumIted poiymsoditi t h n
= 5 X=h drg en and Y1 = = -CH2N(CH3)2 and the average nunber of
substituti *Z group = mere used for the conponent (B), while barium

e e veehigahesoomuney (Ebepki el 1of comoind and 7'
9 v 0 BSSEEL)bipss vmonst e e
wat er to nedgcideapmrapplndthydfl inetipoyst 1 ame clihet eguivaleali rhviei offit the20
10 active hydrogen in the amino group : the epoxy group =1 : 1) were
used for the component (A) of silane coupling agent, while water;
soluble polymers with n = 5, X = hydrogen and Y1 = Z = -CH.N(CH,) .
and the average number of substitutions of Z group = 1 were used
for the component (B) and the components were adjusted to make (A)
15 : (B) =1 : 1. Then, the pH value of the composition was adjusted
to 3.0 by using phosphoric acid and subsequently the composition
was diluted with deionised water to make it contain 10% of
composition counted in solid weight.
/ <Treatment Solution H -Comparative example>
? 20 3-mercaptopropoyltrimethoxysilane was used for the component
(A) of silane coupling agent, and water-soluble polymers with n =
5, X = hydrogen and Y1 = Z = -CH;N(CHs). and the average number of
substitutions of Z group = 1 were used for the component (B),
while barium sulfate was used for the component (C) of inorganic
25 compound and the three components were adjusted to make (A) : (B)
=1 :8and (C) : [(A) + (B)] =1 : 20. Then, the pH value of the
composition was adjusted to 4.5 by using HF and subsequently the
composition was diluted with deionised water to make it contain 10

% of composition counted in solid weight.



<Treatnent Solution | -Conparative exanple> 3-aninopropyltriethoxysilane +
- 3 gl yci deoxypropyl net hyl di met hoxysi |l ane (the equivalent ratio of the

active hydrogen in the amino group : the epoxy group =1 : 3) were 5 used
for the conponent (A) of silane couplindglagent, and water- sol ubl e pol yners
with n=5 X=-CH-C6H4-0H and Y1 = Z = -CH2N( CH3)2 and the average
nunber of substitutions of Z group = 0.75 were used for the conponent (B)

while colloid ilic ised . far the component (C) of inorganic
conmpound and %EEE?L¢%3;%@fugﬁﬂbéenﬁgmm%?ﬂjgﬁjﬁ@?@ e%o make (A) : (B) =1 :
1 and (O : [ @Ahn: Tril.e t he pH val ye of the conposi gion was
adjusted to ?.ém%§b%3| étgﬁ%g%ﬁgﬁggﬁgéid and subsgquently t he conpgsition

was di | ut egily@i_ﬁi@oﬁ@mﬁyﬁﬁdtﬂﬂﬁﬁﬁne&ﬁoi‘%@aﬁb ¢a @ignivodPeral racpimEsihéon

counted in solid weight. 15 <Treatnent Sol ution J -Conparative exanple>
Convent i oradt iwbr hyditegesioli nt tlon amfi napgtdupati tine tepoay (Zrouphe=oit 4 3)34028 :
Product by N hon Parkerizing Co.,LTD ) 4. Application of Treatnent Sol ution
to Metabliusednferi Hhe componeiit il eofi s itinaet eemlinat e tut i a#d AWA&SIappl i ed

of 0 3g/ nBOL4PTE PRFVHERS. Wbt = e o GLTBRC sis Ofr Py =hEet 106 600, -
coxamle, .33, 26 R gpal Lo PR MEIERE ot oklosy e praser 19C
sol ution wagedused tor hiatéagponenisSM)., whidemded 18%dal silica was used
] for the component (C) of inorganic compound and the three
10 components were adjusted to make (A) : (B) =1 : 1 and (C) : [(A)
+ (B)] =1 : 2. Then, the pH value of the composition was adjusted
to 1.0 by using phosphoric acid and subsequently the composition
was diluted with deionised water to make it contain 10% of
composition counted in solid weight.
15 <Treatment Solution J -Comparative example>
Conventional chromate solution of application type (Zinchrom-1
300AN : Product by Nihon Parkerizing Co.,LTD )

) 4. Application of Treatment Solution to Metallic Materials.
20 <Example 1>
The treatment solution A was applied by roll-coating at 25C
to a hot dip galvanized steel sheet (GI) at a rate of 0.3g/m?
after drying. Then, the solution was dried by heating to 80°C.
<Example 2> '

25 The treatment solution B was applied by rol]—coatﬁng at 15C
to an aluminium sheet (AL) at a rate of 0.1g/m* after drying.
Then, the solution was dried by heating to 150C.

<Example 3>
The treatment solution C was applied by roll-coating at 30C



“The treatnent solution C was applied by roll-coating at 30C 21 to a hot dip
gal vanj zed steel sheet (@) at arate of 1.0g/n2 after drying. Then, the
solution was dried by heating to 100C. <Exanple 4> The treatnent sol ution
D was applied by roli-coating at 20C 5&lo a electric gal vani zed steel

sheet (EG at a rate of 0.05g/n2 after drying. Then, the solution was
dried by heating to 180C. <Exanple 5> Nickel plating |ayer of 20 ng/n2 was

revi ousl r t S| hot . di al .vani zed st eel et ,(d) by
Freating yvy%hﬂsgoﬁﬂ%éﬂﬂV&ig%&gﬁg?ngngﬁﬂu{$£EZ?P?epﬁ?g% 8 15:igﬁgﬁa$t OL
Ni hon Par v , d ; Sk T eat i,O urt her
applied b&ﬂrgﬁlag%gg%ngqggh%6%£%?82@?g%£%g% qegﬁgﬁgﬁﬁggﬁbgr@%EV%ﬁgf And
then the sol uKEpamplas 4dri ed by heating to 150C. <Exanple 6> 15 Nickel
plating layer of 20 ng/n2 was previously forned on the surface ofohot di p
gal vani zed st éb¢ bressment golswtionehtwasgapplied byheohi-aloaltipgadi n@0LO! ut i on

Prepargen 4015 and then the treatnent solution C was further applied by
Eol I pcogt inaa%’l%@lcaga Vﬁrb}tz@dofstﬁerlyeéjlﬁﬁta KGr agrgyitige phd Q.H56/nhe

sol ution 20 drj ed by heating 100C. <Example. %> Zi.nc ph te | ayer
of 2 gl nﬂmgrp&@&iﬂ%sl y?{]?%}’rréheo%é &}é%gsﬁ?sf gﬁégﬁfﬁ%&e | ilﬂgggq 32& zed st eel
sheet (G) by<kxg@miliengyit conventionally in the phosphating solution

(Pal bond-L 3300 : 25 Product of N hon Parkerizing Co., LTD. ) and then the

treatment soNitledn pEaving flayehesf Hphigfd® was prbvtmatliyngoalie P08 8hea rate
‘, surface of hot dip galvanized steel sheet (GI) by treating it in
10 the nickel plating solution (Preparen 4015 : Product of Nihon
-Parkerizing Co., LTD ) and then the treatment solution E was
further appliéd by roll coating at 20C at a rate of 1,5 g/m?
after drying. And then the solution was dried by heating to 150C.
<Example‘6>
15 Nickel plating layer of 20 mg/m® was previously formed on the
surface of hot dip galvanized steel sheet (GI) by treating it in
the nickel plating solution (Preparen 4015), and then the
treatment solution C was further applied by roll coating at 20C
’ at a rate of 0.1 g/m* after drying. And then the solution was
20 dried by heating to 100C.
<Example 7>
Zinc phosphate layer of 2 g/m?® was previously formed on the
surface of hot dip galvanized steel sheet (GI) by treating it
conventionally in the phosphating solution (Palbond-L 3300
25 Product of Nihon Parkerizing Co., LTD. ) and ‘then the treatment
solution E was further applied by roll coating at 20°C at a rate
of 0.3 g/m? after drying. And then the solution was dried by
heating to 100C.
<Example &> ‘



of 0.3 g/n2 after drying. And then the solution was dried by heating to
100C. <Exanple 8> 22 Zinc phosphate layer of 2 g/n2 was previously forned
on the surface of cold rolled steel sheet ( SPC) by treatlng it
conventionally in the phosphating sol ut2én (Pal bond-L3020 : Product of

Ni hon Parkerizing Co., LTD.) and then the treatnent sol ution E 5 was
further applied by roII coating at 20C at a rate of 0.1 g/n2 after drying.

h I d d by. h 100C. Co t Ex
12 A PRI S0 o EED 8, RS TR R T
d I I t t in
R

Exanpl e 2gof¥eéntinaal fgnin %@buphmh@tmg @q@&h@ﬁ {Bﬁrlrbeha =[cx! ”Eroﬁ] c?cOC to

an al um ni um sheet nfnia a rate of O. drying. 15 t he
appl i ed sof u¥ilmm Raskahrlzaatgbgohedﬂﬂ)nm am‘d Z@@ﬁ: tll%@maama’m \S@]EKEOTDlEe 3>
Ni ckel plating |ayer of 20 ng/n2 was previously fornmed on the surface of
hot di P gﬂ&&al‘?ﬂriﬁéﬂrs&ﬁé]lleﬁhblét rqldi roaying @it 2&@ |dtt anrats ofel. plgm’ng

| ut 4015 d th h t t ol ut,ion H was.. further
2ppl i ed b1 19T RI988Es ngkh 1867 e SalV el Vap @ e Diraheatiag 86 YN - And
then the soIq&kﬁgap@§ng{;8g%€%%é@eat|ng to 80 C <Conpar ati ve Exanple 4>

Ni ckel platin yer = of was previously formed on the
The treatment solution F was applied by roll-coating at 30°C

to a hot dip galvanized steel sheet (GI) at a rate of 1.0 g/m®
10 after drying. Then, the applied solution was dried by heating to
100°C.
<Comparative Example 2>
The treatment solution G was applied by roll-coating at 30C
to an aluminium sheet (AL) at a rate of 0.3 g/m? after drying.
15 Then, the applied solution was dried by heating to 200°C.
<Comparative Example 3>
| Nickel plating layer of 20 mg/m? was previously formed on the
surface of hot dip galvanized steel sheet (GI) by treating it in
}} nickel plating solution (Preparen 4015 ), and then the treatment
| 20 solution H was further applied by roll coating at 20 C at a rate
of 0.3 g/m® after drying. And then the solution was dried by
heating to 80 C.
<Comparative Example 4>
Nickel plating layer of 20 mg/m* was previously formed on the
25 surface of hot dip galvanized steel sheet (GI) by treating it in
nickel plating solution (Preparen 4015 ), and then the treatment
solution I was further applied by roll coating at 20 ‘C at a rate
of 0.3 g/m® after drying.  And then the solution was dried by
heating to 150 C.



.25 surface of hot dip gal vani zed steel sheet (G) by treating it in nickel
pl ati ng solution (Preparen 4015 ), and then the treatnent solution | was
further applied by roll coating at 20 C at a rate of 0.3 g/n2 after
drying. And then the solution was driedby heating to 150 C. 23
<Conparative Exanple 5> Nickel plating |ayer of 20 ng/n2 was previously
formed on the surface of hot dip galvanized steel sheet (@) by treating

it i t: ti (Preparen 4015 ), and then the treatnent 5
LolL?ioglgbgﬁgﬂ%ﬁfpﬁggiﬂ%gpigg by roll coating aE_a rage 8f 40 ng/ Ngfhgg
hrom um Andyi t 1. ] .5,
gf r Ig;negari ngqu‘l'ledg{?qlsfp))g% ﬁn@nq?%gﬁﬁ\gagg'?%ég F%ﬁﬁxﬁvdlolgshqﬁﬁﬂrﬁgpf% qh'ﬁni
Co t swefdocndl ot 1 pS>ga By GdReRr ' Ing" i
(VoKD 4200 Producy by Doy PReR FI Shae (Y, By ERIgE £y

t hi cknessnithed. plating sodkedomt(P2eperemddIBhEn mdconsR’ Gl Itye%\é@nltabl e
fini sh.coat aint ( V-Knit # 500 :" Product by Daini hon Paint ., LTD) was

R . : .
appl i e@ 36 kHdOnt %Wiﬁﬁé&h@%ﬁp@ﬂlmiﬂniandlUakﬁdngpaagﬁumiet%ﬂzﬂhméﬁ C ih6.
Test and Lopn.  6-1. rrogjon-Resi.stant Cutting scratches having e
depth rea@iadrﬁﬁbtgﬁh@'népglcﬁ?@ hﬁt%ﬁi%]oar‘@aﬁ“ siried by heatieg nidle on t he
surface oC,each test 20 specimens, and a salt water spray test conform ng
to JIS-Z 2371 were conducted for 480 hours. The speci nens were eval uated by

obser vi ng.t Methodtdf Prepanfng Hest WSpedimeduced in the scratch area
) To the metallic materials of <Example 1> ~ <Comparative Example
10 5>, a commercially available undercoat paint (V-Knit #200: Product
by Dainihon Paint Co., Ltd) was applied-to a thickness of S.S;Lm,
baked at 200°C, and then a commercially available finish coat
paint ( V-Knit # 500 : Product by Dainihon Paint Co., LTD) was
applied further to a thickness of 17um and baked it again at 220
15 .
6. Test and Evaluation
6-1. Corrosion-Resistant
Cutting scratches having the depth reaching to the metallic
ﬂ material are formed by cutter knife on the surface of each test
i 20 specimens, and a salt water spray test conforming to JIS-Z 2371
were conducted for 480 hours. The specimens were evaluated by
observing the width (mm) of the rust produced in the scratch area
and using the following rating system.
©: less than 3mm
25 O: not less than 3mm and less than 5mm
A: not less than 5mm and less than 10mm
X: not less than 10mm
6-2. Bend Adhesion Test

* Primary Bend Adhesion Test



~and using the following rating system OO : less than 3mm 25 0 : not |ess
than 3mm and |l ess than 5rm L : not | ess than 5mm and | ess than 10mm X :
not | ess than 10mm 6-2. Bend Adhesion Test Primary Bend Adhesion Test 24
Test speci nens were subjected to the b&ddi ng at 20C and peeling off area
of coating were neasured conformng to JIS-G 3312. Secondary Bend

Adhesi on Test 5 Test specinens were imersed in boiling water for 2 hours

The same way o8t Fadeinebs Hereo SRl f‘f’?oeé‘ euben \@zﬁaa 6 hdfesion
T : j : ' [ . 10.%, 3 :
boel ing of f REETHAEDLM brd? & colEig 3,8 he AR’ PohEhipl™h WIS heq | ng

off area is @8i18.than 80 % 6-3. Coin-Scratch Test 15 A 10 yen coi n was
held with an angle of 450 to the test specinmen and the coated surface was
scratched by Secomdmry BendakihesfioBklpsdit a constant rate. After the test,

t he sg§rs on_the coated surfage were exam ned. The speci nens were

eval uat ed byTeﬁgiwaﬁém Heréwil BBEFad; Ag. besngowekpded Aetairssand ace
(only the prigetsdfs o ¥PPSEP 1 day. Then bend adhesion test were carried
out in the same way as primary bend adhesion test.
Evaluation of Bend Adhesion Test

) 5 : no peeling off
10 4 : peeling off area is less than 10 ¥
3 : peeling off area is 10~50 ¢
2 : peeling off area is 51~80 %
1 : peeling off area is more than 80 ¢
6-3. Coin-Scratch Test
15 A 10 yen coin was held with an angle of 45° to the test
specimen and the coated surface was scratched by‘it under a load
of 3kg at a constant rate. After the test, the scars on the
coated surface were examined. The specimens were evaluated by
a using the following rating. |
| 20 5: no exposed metal surface (only the primer was exposed)
4: exposed metal surface less than 10%
3: exposed metal surface not less than 10% and less than
50%
2: exposed metal surface not less than 50% and less}than
25 804 |

exposed metal surface area not less than 80%

St
.s

Test results are summerized in Table 1. Comparative example 5 in
Table 1 shows excellent corrosion-resistance and paintability.

However, it is produced using the liquid containing chromate, and




_4.exposed netal surface |ess than 10% 3: exposed nmetal surface not |ess than
10% and | ess than 50% 2: exposed netal surface not |ess than 50% and | ess

t han 2580% 1: exposed netal surface area not |ess than 80% Test results are

summerized in Table 1. Conparative exadple 5 in Table 1 shows excel | ent

corrosion-resi stance and paintability. However, it is produced using the
liquid containing chromate, and 25 it is not suitable since it arises

Creat mont Cofphet At ety Lot R nuiatiRofid oh0ulur Lo ik e
| ndustri gy pRgHEFe i 5‘PtTahb%' et s‘ﬁ‘?f&&f?t'rje‘ﬁ%eﬁﬂc@ﬁébgﬁiro‘?ls ?ta{bce and

paintability as good as that of conparative exanp wer'e obt al'ned.

Conpar at ipresegxaitesit1on sweret usedtandnhaemfil dngusotinlli R8s e Mere GO N
conpartive exanple 2, 3 and 4, different solution other than the surface
t r eat nentardéseposin iesnedl entheopresiont-reavetancenand rpa ingeblj 1 andsspaod ng
unsatisifactory results in corrosiqgn-resistance and:/ " 10 or paintability.
Tabl e A REMVBREL |9Tc BPBPRFRHVRene XM s oBIT® AbheHIesh t estlomiparativa ch

Mat eri al L rresistantPri ryScondaryTest 1C.-pod445 2AL- 445 . 3Gl- 444

4EGO44Segé%RJ%§5§S no coql%aanng sﬂXne coupllﬁg agent. %lso in
compartive example 2, 3 and 4, different solution other than the
surface treatment composition of the present invention were used,

) and showing unsatisifactory results in corrosion-resistance and /

10 or paintability.

Table 1
No | Metallic | Pre treatment | Corrosio | Bend Adhesion test | Coin Scratch
Material | Layer resistant| Primary | Scondary Test
1 Gl - @) 4 4 5
2 AL - © 4 4 5
3 Gl - © 4 4 4
o 4 EG - © 4 4 5
= 5 Gl Ni O 5 5 5
g (6] Ni O 5 5 5
} ] 6l Zinc @) 5 5 5
} phosphate
' 8 SPC Zinc © 5 5 5
phosphate
o 1 Gl - X 1 1 4
T o112 | A - A 4 5 1
S 23] o Ni X 5 5 2
gg 4| a6l Ni X 2 2 3
© 5 Gl Ni @) 5 5 5

Advantages of the Invention

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

level without wusing any chromate, it can make the industry



]

6C Ni 0555 7C Zi nc0555 phosphat e 8SPCZi ncO655 phosphate 1C - X114 AL-451

" 3CI Ni X552 4G Ni X223 5C Ni 00655 Advant ages of the Invention Since a surface
treat ment agent according to the invention provides corrosion-resistance
and paintability to a satisfactory | evéb wi t hout usi ng any chromate, it
can nmake the industry 26 adaptable in future when the use of chromate is
nore rigorously prohibited. Additionally, since a surface treatnent
conposi tiaon, cordi.ng to e i nventi i cid o} f
metallic aﬁ&?i‘%’g‘? 'y btu@gd,“’h?%{ ngén(&gﬁhgﬁggﬁtoﬁgk%oﬁ \(@lr%n{r @?E?é ce and
5 the pai k1 4 of SQLh 10f | i r h ion
advantagegﬁﬁﬂgbg%%%tiegagytﬁg@%Iﬁbfgﬁk?ch§§PgﬁFgltﬁ%vﬁ%g&fg?wgﬁﬁéigloited.
Ther ef or e,500881H@C® theaimmait i eanbpsioti sel ectdeeding tsorthef netadhicon is
highly feasible to practical applications 10 particularly in terns_of

envi ronnmematprodbcta be asetl,r ddychi rephencer Bioucossosion-resistance and

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

advantageous properties of each metallic material may be fully

exploited. _
Therefore, a surface treatment composition according to the
Y invention is highly feasible to practical applications
10 particularly in terms of environment protection and recycling of

resources.



-27 CLAIMS 1. A surface treatnent aqueous conposition to be used for a
metallic material conprising (A),(B) and (C) being dissolved and / or

di spersed in the aqueous conposition. (A) a silane coupling agent

contai ning one or nore than one silane @ioupling conmpounds havi ng at | east
a reactive functional group selected froman active-hydrogen-contai ni ng
am no group, an epoxy group, a vinyl group, a nercapto group and a

met hacryl oxy group; (B) one or nore than one water-sol ubl e polyners being
expressed by general forrmula (I) beIOM/and show ng average degree of

pol ymeri sati on between 2 and 50: re X bonded to the benzene ring
represents a hydrogen atom a hydrofo group, an al kyl group with any of
Cl through C5, a hydroxyal kyl group with any of C through C5, an aryl
group with any of C6 through Cl2, a benzyl group, a benzal group, an
unsat urat ed hydrocarbon group adapted to be condensed with said benzene
ring and forn1a n hthalene ring or a group expressed- b formula (I1)
below. 28 1 Rl ! OE Iface [reatignt aqueoiRecennssdhion 1R1banused fiogpaesent s

a hydrogern, é%ﬁqth %%rldfycomprlslng (A), (B) and (C) being dissolved and
/ or dispersed in thevaqueous composition.
(A) a silane coupling agent containing one or more than one
)‘ silane coupling compounds having at least a reactive functional
group selected from an active-hydrogen-containing amino group, an
epoxy group, a vinyl group, a mercapto group and a methacryloxy
group,
(B) one or more than one water-soluble polymers being
expressed by general formula (I) below and showing average

degree of polymerisation between 2 and 50:
— 0 H —

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

hydroxyl group, an alkyl group with any of €1 through C5, a
hydroxyalkyl group with any of Cl through C5, an aryl group with
any of (6 through Cl2, a benzyl group, a benzal group, an
unsaturated hydrocarbon group adapted to be condensed with said
benzene ring and form a naphthalene ring or a group expressed - by

formula (I1) below:



il

~group, an al kyl group with any of Cl1 through C5 or a hydroxyal kyl group
with any of Cl through CI O each of Y1 and Y2 bonded to the respective
benzene rings in fornmulas (1) and (11) representing a Z group expressed

i ndependently by formula (111) or (1V) low. / R3 CI 2 -- N\ R4 R5 ~~
Cl12N-R6 R7 (in) (N where each of R3, R4, R5, R6 and R7
represents a hydrogen atom an alkyl group with any of d through CIOor a
hydr oxyal kyl grow w th any of O through Cl O independently relative to
each other and the average nunber of substitutions of Z group in each of
the benzene rings of said polynmer nolecule is between 0.2 and 1.0; and (O
one or nore than one inorgpanic conpound selected froma group of silica,
silicates, conmpounddl bf —met al- sabts and a mi xture 29 of any of them each
are being dispersed in sai,d aqueous nediumin - a colloidal state. 2. A
surface treatnment conpositlion to be used for a netallic material according
to claiml1, wherein the yatNo of said conponent (A) that is silane
coupling agent to said pgnent (B) that is water-soluble polyners,
nanely (A) : (B) is bet{ddn(1:10 and 10:1 and the ratio by wei ght of said
component (C) that is iRorganic (1) ,

J Y2
i

and R2 represents a hydrogen atom, a hydroxyl
group, an alkyl group with any of (] through C5 or a hydroxyalky]
group with any of (i through C10, each of Y1 and Y2 bonded to the
respective benzene rings in formulas (1) and (11) representing a 2
group expressed independently by formula (I1I) or (IV) below:
’////113

— CH2 -— N ()

NS
r— /R5 -+

-1 CH2 — N —R+s

— \\\\R 7

where each of R3, R4, R5, R6 and R7 represents a hydrogen atom, an
alkyl ,

where each of Rl

(V)

| group with any of (1 through C}O or a hydroxyalkyl group
with any of Cl1 through C10 independently relative to each other
and the average number of substitutions of g group in each of the

- benzene rings of said polymer molecule is between 0.2 and 1.0; and
(C) one or more than one inorganic compound selected from a

group of silica, silicates, compounds of metal salts and a mixture




.conpound to [(A) + (B)], nanmely C: [(A) + (B)] is between 1:5 and 5:1. 3.
A surf.ace treatnment conposition to be used for a netallic naterial .
according to claim1, wherein said conpgnent (A) that is silane coupling
agent contains (a) a silane coupling ag@ﬂt cont ai ning one or nore than one
sil ane coupling conpounds having one or nore than one
active-hydrogen-contai ning am no groups and (b) a silane coupling agent

or -t nan Une Yoot aidhn 02th I8 B | AL %igRHRA. 18 FPIRANERRuC Bt PG Lo

be used fof calMBidll isgatgRterial according to claim3, wherein the _
equi val ent ratio of the active-hydrogen-containing anmno groups contained
in said silane coupling agent (a) to the epoxysilane groups contained in
said silane coupling agent (b) is between 3:1 and 1:3. 5. A surface
treatment conpdsi tA Girfaceet neadrenoreoapaei widn ¢o batusedalonc metahbia o
claim3 or 4, wh sum of said silane couplin

[ i ght tioof the , ; g
agent (a) %Bré%ﬂﬁ%lsciglraeh'égc%%ﬁﬁhg ﬁa bﬁfe’(rb)thﬁor%h]icd ofabard é@ﬂﬁ@ﬂ@flgol Xmer
t g : . : )..J:§ between 1:1..and,5: 1. 6.
surtace (&% MAE Trdidine bl ibostsr Sk RRRRRRL AUX" Lifbrisi g
i iti j .iclaim
TR e S L A R R L LN SRS i
to the surhdcthefratie bptwdight ohtsmidatompuhendr YEnahat tps f dmergacieat
h\?Vi ng 4 %%;nggul\ll\flt%ht(g +be{B\9ﬁ,enne?nie% gn:d [(%.)Ogl ?]%] is between 1:5
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3. A surface treatment composition to be used for a metallic
material according to claim 1, wherein said component (A) that is
silane coupling agent contains (a) a silane coupling agent
containing one or more than one silane coupling compounds having
one or more than one active-hydrogen-containing amino groups and
(b) a silane coupling agent containing one or more than one silane

coupling compounds having one ore more than one epoxysilane groups.

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

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

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

agent (b) to said water-soluble polymer component (B), namely
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7+ A surface treatment nethod to be used for a metallic material accordi ng
to claim6, wherein the surface of the netallic material to be treated is
prelimnarily treated by means of a phosphate |ayer forning process or a
plating layer formng process before usimpya surface treatnment aqueous

sol uti on.

[(a) + (b)] : (B) is between 1:1 and 5:1.

6. A surface treatment method to be used for a metallic
material bomprising: '

using a surface treatment aqueous composition according to

any of claim 1~ claim 5 with the pH value regulated to between 2.

0 and 6.5 to adhere to the surface of the metallic material and

drying it to form a coat having a dried weight of between 0.01 and
} 2
: 2. 0g/m>.

1. A surface treatment method to be wused for a metallic
material according to claim 6, wherein the surface of the metallic
material to be treated is preliminarily treated by means of a
phosphate layer forming process or a plating layer forming

process before using a surface treatment aqueous solution.



