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It Is an object of the present invention to provide a chemical conversion coating agent which places a less burden on the
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ABSTRACT

It is an object of the present 1nvention to provide a
chemical conversion coating agent which places a less burdcen
on the environment and can apply good chemical conversion
treatment to all metals such as 1ron, zinc and aluminum, and
a surface-treated metal obtained using the same.

A chemical conversion coating agent comprising:

at least one kind selected from the group consisting of
zirconium, titanium and hafnium;

fluorine; and

a water-soluble resin ,

wherein said water-soluble resin has, in at least a part
thereof, a constituent unit expressed by the chemical formula

(1) :
{—CHQ---(IJH-% (1)
NH»
and/or the chemical formula (2):

{CHQ—?H-} (2)

CHo

NH,

26
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DESCRIPTION
CHEMICAL CONVERSION COATING AGENT AND SURFACE-TREATED METAL

TECHNICAL FIELD
The present invention relates to a chemical conversion

coating agent and a surface-treated metal.

BACKGROUND ART
When a cationic electrocoating or a powder coating is
applied to the surfaceof ametal material, a chemical conversion
treatment isgenerallyapplledlnorder to improve the pr'operties
such as corrosion resistance and adhesion to a coating film.

With respect to a chromate treatment used in the chemical

conversion treatment, fromtheviewpoint of beingable to further
improve the adhesion to a coating film and the corrosion
resistance, in recent years, a harmful effect of chromium has
beenpointedand the development of achemical conversioncoating
agent containing no chromium is required. As such a chemical
converslon treatment, a treatment using zinc phosphate iswidely
adopted (cf. Japanese Kokal Publication Hei-10-204649, for

instance) .
However, since treating agents based on zinc phosphate

nave high concentrations of metal l1ons and acids and are very
acti{re, these are economically disadvantageous and low in

workabillity in a wastewater treatment. Further, there is a
problemof formation andprecipitationof salts, being insoluble
in water, associated with the metal surface treatment using
treating agents based on zinc phosphate. Such a precipitated
substance is generally referred to as sludge and increases in
cost for removal and disposal of such sludge become problems.

In addition, since phosphate ions have a possibility of placing

a pburden on the environment due to eutrophication, it takes

efforts for treating waste water; therefore, it is preferably

not used. Further, thereisalsoaproblemthatinametal surface
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treatment using treating agents based on zinc phosphate, a

surfaceconditioningisrequired; therefore, atreatment process

become long.
Asametal surfacetreatingagentother thansucha treating

agent based on zinc phosphate or a chemical conversion coating
agent of chromate, there is known a metal surface treating agent
comprising a zirconium compound (cf. Japanese Kokal Publication
Heli-07-310189, for instance). Such a metal surface treating
agent comprising a zlrconlum compound has an excellent property
inpeintof suppressing thegenerationof thesludge incomparison
wlth the treating agent based on zinc phosphate described above.

However, a chemical conversion coat attained by the metal
surface treating agent comprising a zirconium compound is poor

in the adhesion to a coating film attained by the cationic

electrocoating or the powder coating, and usually less used as
a pretreatment for these coating techniques. Particularly in
such a metal surface treating agent comprising a zirconium

compound, efforts to 1mprove the adhesion and the corrosion

resistance by using it in conjunction with another component

such as phosphate ions are beingmade. However, when it is used

in conjunction with the phosphate ions, a problem of the

eutrophication will arise as described above. In addition,

there has been no study on using such treatment using a metal

surface treating agent as a pretreatment method for coating.

Further, therewasaproblemthat whenaniron material was treated
wlth such themetal surface treatingagent, the adequate adhesion
to a coating film and the corrosion resistance after coating
could not be attained.

As a metal surface treating agent containing a zirconium
compound with the above-described problems improved, a metal

surface treatingagent containingnophosphate ionandcomprising

a zlrconlum compound, vanadium and resin has been developed (cf.

Japanese Kokal Publication2002-60699, for instance). However,
since such a metal surface treating agent contains vanadium,

1t is not preferable in point of causing a problem of a harmful



CA 02454199 2003-12-23

effect on human body and wastewater treatment.

Further, surface treatment of all metals have to be
performed by one step of treatment to articles including various
metal materials such as iron, zinc and aluminum for bodies and

5 partsofautomobilesinsomecases. Accordinglythereisdesired
the development of a chemical conversion coating agent which

can apply a chemical conversion treatment without problems even

in such a case.

10 SUMMARY OF THE INVENTION
In consideration of the above circumStances, 1t 1s an
object of the present invention to provide a chemical conversion
coating agent which places a less burden on the environment and
can apply good chemical conversion treatment to all metals such
15 asiron, zinc and aluminum, and a surface-treatedmetal obtained
using the same. .
The present invention is directed toa chemical conversion
coating agent comprising:
at least one kind selected from the group consisting of
20 zirconium, titanium and hafnium;

fluorine; and
- a water-soluble resin ,
whereln said water-soluble resin has, in at least a part

thereof, a constituent unit expressed by the chemical formula

‘("CHz"“(ﬁHﬁ‘ (1)

NH»

and/or the chemical formula (2):
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{—CHz-cfH—} (2)

CHo

NH,

Preferably, the water—-soluble resin 1s a polyvinylamine
resin or a polyallylamine resin.

Preferably, thewater-solubleresinhasamolecularweight
of 500 to 500000, and a content of the water-soluble resin 1n
the chemical conversion ceoating agent 1s 5 to 5000 ppm.

Preferably, the chemical conversion coating agent

contains
1 to 5000 ppm of at least one kind of a chemical conversion

reaction accelerator selected from the group consisting of
nitrite ion, nitro group-containing compounds, hydroxylamine
sulfate, persulfateion, sulfite 1on, hyposulfiteion, peroxides,
iron (III) 1on, ciltric acilid iron compounds, bromate ion,
perchlorinate 1on, chlorate 1on, chlorite 1ion, as well as
ascorbicacild, citricacid, tartaricacid, malonicacid, succinic
aclid and salts thereof.

Preferably, the at least one kind selected from the group
consisting of zirconium, titanium and hafnium has a content of
20 to 10000 ppm 1n terms of metal, and the chemical conversion
coating agent has a pH of 1.5 to 6.5.

The present invention is directed to a surface-treated

metal comprising

a chemical conversion coat formed by the chemical
conversion coating agent.

Preferably, the chemical conversion coat has a coat amount
of 0.1 to 500 mg/m® in a total amount of metals contained in

the chemical conversion coating agent.
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DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described in

detail.
The present invention is directed toa chemical conversion

coating agent which contains at least one kind selected from

the group consisting of zirconium, titanium and hafnium as well

as fluorine, and substantially contains no harmful heavy metal
ions such as chromium and vanadium and phosphate ions.

When a surface of metal was treated with a conventionally

known chemical conversion coating agent containing zirconium

and the like, 1t was sometimes impossible to form a good chemical

conversion coat 1n some metals. Particularly, there was a

problem that when an l1ron material was treated with the

above-mentioned chemical conversioncoatingagent, the adequate
adhesion between a coating film to be formed by applying coating
to the surface of the chemical conversion coat and the surface
of metal, and the corrosion resistance after coating could not
be attalined. The present invention has been accomplished by
finding that the above-mentioned problem would be improved by
the chemical conversioncoatingagentcontainingaspecificresin
component.

At least one kind selected from the group consisting of
zirconium, titanium and hafnium contained in the chemical
converslon coating agent is a component constituting chemical
conversion coats and, by forming a chemical conversion coat
including at least one kind selected from the group consisting
of zirconium, titanium and hafnium on a material, the corrosion

resistance and abrasion resistance of the material can be

improved and, further, the adhesion to the coating film formed
subsequently can be enhanced.

A supply source of the zirconium is not particularly
limited, and examples thereof include alkaline metal '
fluorc-zirconate such as K;ZrFg, fluoro-zirconate such as

(NHy) 2Z2rFg, soluble fluoro-zirconate like fluoro-zirconate acid
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such as HyZrF¢, zirconium fluoride, zirconiumoxide and the like.

A supplysourceof thetitaniumisnot particularlylimited,
and examples thereof include alkaline metal fluoro-titanate,
fluoro~titanate suchas (NHy),TiFs, soluble fiuoro-titanate like
fluoro-titanate acid such as H;T1Fg, titanium fluoride, titanium
oxide and the like.

Asupplysocurceof thehafnlumisnot particularly limited,
and examples thereof include fluoro-hafnate acid such as H,HfFg,
hafnium fluoride and the like. ' '

As a supply source of at least one kind selected from the
group consisting of zirconium, titanium and hafnium, a compound
having at least one kind selected from the group consisting of
ZrFe¢’”, TiF¢" and HfF¢* is preferable because of high ability

of forming a coat.
Preferably, the content of at least one kind selected from

the group consisting of zirconium, titanium and hafnium, which
1s contained in the chemical conversion coating agent is within
a range from 20 ppm of a lower limit to 10000 ppm of an upper
limit in terms of metal. When the content is less than the above

lower limit, the performance of the chemical conversion coat

to be obtained is inadequate, and when the content exceeds the
above upper limit, it is economically disadvantageous because
further improvements of the performances cannot be expected.

More preferably, the lower limit is 50 ppm and the upper limit

is 2000 ppm.

Fluorine contained in the chemical conversion coating
agent plays a role as an etchant of a material. A supply source
of the fluorineisnotparticularlylimited, and examples thereof
include fluorides such as hydrofluoric acid, ammonium fluoride,

fluoboric acid, ammonium hydrogenflucride, sodium fluoride,

sodium hydrogenfluoride and the like. In addition, an example
of complex fluoride includes hexafluorosilicate, and specific
examples thereof include hydrosilicofluoric acid, zinc
hydrosilicofluoride, manganese hydrosilicofluoride, magnesium
hydrosilicofluoride, nickel hydrosilicofluoride, iron
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hydrosllicofluoride, calciumhydrosilicofluoride and the like.
The water-soluble resin used in the chemical conversion

coating agent of the present invention is a water-soluble resin

having, 1n at least a part thereof, a constituent unit expressed

9 by the chemical formula (1):

' ‘(‘CHQ—(I?H—)' (

NH,

1)

and/or the chemical formula (2):

‘(‘CH2“‘(I3H")” (2
CH,

‘NH;

)

It 1s considered that the chemical conversion coat high

10 inthe adhesiontoametal material and a coating filmis obtained
by the action of an amino group contained in the water-soluble

resin. A method of producing the water-soluble resin is not

specifically limited, and it can be produced by a publicly known

method.

15 Preferably, the water-soluble resin is a polyvinylamine
resin, which is a polymer comprising only a constituent unit
expressedby the above formula (1), and/or a polyallylamine resin,
which is a polymer comprising only a constituent unit expressed
by the above formula (2). The polyvinylamine resin and

20 vpolyallylamine resin are particularly preferable in point of
having a high degree of effect of lmproving the adhesion. The
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polyvinylamine resin 1s not specifically limited, and
commerciallyavaillablepolyvinylamine resins such as PVAM-0595R
(manufactured by Mitsublishi Chemical Co., Ltd.) can be used.
The polyallylamline resin 1s not specifically limited, and, for
eXxample, commerclally available polyallylamine resins such as
PAA-Q01, PAA-10C, PAA~-H~10C and PAA-D~-11~-HC1 (each manufactured
by Nitto Bosekl Co., Ltd.) can be used. Further, the
polyvinylamine resin and the polyallylamine resin may be used
1n combination.

As the water-soluble resin, within the scope of not

impairing the object of the present invention, there can also

be used a substance formed by modifying a part of amino groups

of the polyvinylamine resin and/or polyallylamine resin by

methods of acetylating and the like, a substance formed by
neutralizingapartoforallofaminogroupsofthepolyvinylamine
resin and/or polyallylamine resin with acid, and a substance

ey

formed by crosslinking a part of or all of amino groups of the

polyvinylamine resin and/or polyallylamine resin with a

crosslinking agent within the scope of not affecting the
solubility of the resin. ‘

Preferably, the water-soluble resin has an amino group
having an amount within a range from 0.01 mole of a lower limit
Lo 2.3 moles of an upper limit per 100 g of the resin. When
Che amount of the amino group is less than 0.01 mole, it is not
preferablebecause the adequate effect cannot be attained. When
1t exceeds 2.3 moles, there is a possibility that the objective
effect cannot be attained. More preferably, the
above-mentioned lower limit is 0.1 mole.

Preferably, the content of the water-soluble resin in the
chemical conversion coating agent of the present invention is
within a range from 5 ppm of a lower limit to 5000 ppm of an
upper limit as a concentrationof solidmatter. When the content

1s less than 5 ppm, it is not preferable because the chemical

conversion coat having the adequate adhesion to a coating film

cannot be attained. When it exceeds 5000 ppm, there is a
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possibilityof inhibiting coat formation. Morepreferably, the
above-mentioned lower limit is 10 ppm and the above-mentioned
upper limit is 500 ppm.

Preferably, thewater-solubleresinhasamolecularwelght
within a range from 500 of a lower limit to 500000 of an upper
limit. When the molecular weight is less than 500, it is not
preferable because the chemical conversion coat having the
adequate adhesion to a coating film cannot be attained. When
it exceeds 500000, there is a possibility of inhibiting coat
formation. More preferably, the above-mentioned lower limit
1s 5000 and the above-mentioned upper limit 1s 70000.

Preferably, the chemical conversion coating agent of the

present invention further contains a chemical conversion
reaction accelerator. The chemical conversion reaction
accelerator has an effect of suppressing unevenness of the
surface of a chemical conversion coat obtained using a metal
surface treating agent comprising a zlrconium compound. An
amount of a coat precipitated 1s different depending on the
difference of locationbetween an edge portion anda flat portion

of amaterial; thereby, theunevennessof the surface isgenerated.

Therefore, whenametalmaterial havinganedgeportionistreated
withaconventional surfacetreatingagent comprisingazirconium
compound, since an anodic dissolution reaction occurs
selectivelyat anedgeportion, acathodicreactionbecomes prone
to occur and, consequently, a coat tends to precipitate around
Che edge portion and an anodic dissolution reaction hardly occur
in a flat portion and precipitation of a coat is suppressed,
and this results in unevenness of the surface.

In the chemical conversion treatment of zinc phosphate,
since the resulting chemical conversion coat is a thick film
type, the unevenness of the surface does not turn into problems
somuch. However, since the chemical conversion coat comprising
a zlrconiumcompound is a thin filmtype, whena sufficient amount
of a coat is not attained at a flat portion to which the chemical

conversion treatment is hardly applied, this causes uneven



10

15

20

25

30

35

CA 02454199 2003-12-23

coating and problems may arise 1n appearance of a coating and
corrosion resistance.

The chemical conversion reaction accelerator in the
present invention has a property to act in such a manner that
the chemical conversion treatment may be applied without

developling a difference of a chemical conversion treatment

reaction between the edge portion and the flat portion described
above by beingblended 1in the chemical conversion coating agent.
Although the chemlical conversion reaction accelerator is
at least one kind selected from the group consisting of nitrite
ions, nitro group-containing compounds, hydroxylamine sulfate,
persulfate ions, sulfite ions, hyposulfite ions, peroxides, iron
(III) i1ons, citric acid iron compounds, bromate ions,
perchlorinate ions, chlorate ions, chlorite ions as well as
ascorpbicacid, citricacid, tartaricacid, malonicacid, succinic

acld and salts thereof, in particular, a substance having an

oxldizing actlon or an organic acid is preferable for
accelerating etching efficiently.

By blending these chemical conversion reaction
accelerators in the chemical conversion coating agent,
unbalanced coat-precipitation is adjusted and good chemical
conversion coat having no unevenness in an edge portion and a

flat portion of a material can be attained.

A supply source of the nitrite ion is not particularly

limited, and examples thereof include sodiumnitrite, potassium

nitrite, ammonium nitrite and the like. The nitro
group-containing compound is not partlicularly limited, and
examples thereof include nitrobenzenesulfonic acid,
nitroguanidine and the like. A supply source of the persulfate
ilon 1s not particularly limited, and examples thereof include
Na;5:0g, K;5,0s and the like. A supply source of the sulfite ion
lsnotparticularly limited, and examples thereof include sodium
sulfite,‘potassiumksulfite; ammonium sulfite and the like. A
supply source of the hyposulfiteionisnotparticularly limited,
and examples thereof include sodium hyposulfite, potassium

10
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hyposulfite, ammonium hyposulfite and the like. The peroxides
1s not particularly limited, and examples thereof include
hydrogen peroxide, sodium peroxide, potassium peroxide and the
like.

A supply source of the 1iron (III) ion is not particularly
llmited, and examples thereof include ferric nitrate, ferric
sulfate, ferric chloride and the like. The citric acid iron
compound 1s not particularly limited, and examples thereof
include citric acid iron ammonium, citric acid iron sodium,
citric acid iron potassium and the like. A supply source of
the bromate ionlisnotparticularlylimited, andexamples thereof
include sodium bromate, potassiumbromate, ammoniumbromate and
the like. A supply source of the perchlorinate ion is not
particularly limited, and examples thereof include sodium

perchlorinate, potassiumperchlorinate, ammoniumperchlorinate
and the like.

A supply source of the chlorate ion is not particularly
limited, andexamples thereof include sodiumchlorate, potassium
chlorate, ammonium chlorate and the like. A supply source of
the chlorite ion is not particularly limited, and examples
thereof include sodium chlorite, potassium chlor'ite, ammonium
chlorite and the like. The ascorbic acid and salt thereof are

not particularly limited, and examples thereof include ascorbic

aclid, sodiumascorbate, potassiumascorbate, ammoniumascorbate
and the like. The citric acid and salt thereof are not
particularly limited, and examples thereof include citric acid,
sodlumcitrate, potassiumcitrate, ammoniumcitrate andthe like.
The tartaricacidand salt thereof are not particularly limited,
and examples thereof include tartaric acid, ammonium tartrate,
potassium tartrate, sodium tartrate and the like. The malonic
acid and salt thereof are not particularly limited, and examples
thereof include malonic acid, ammonium malonate, potassium
malonate, sodium malonate and the like. The succinic acid and
salt thereof are not particularly limited, and examples thereof
include succinic acid, sodium succinate, potassium succlnate,

11



A
R BN

10

15

20

25

30

35

CA 02454199 2003-12-23

ammonium succinate and the like.
The above-described chemical conversion reaction

accelerators may be used alone or in combination of two or more

kinds of components as required.
A blending amount of the chemical conversion reaction

accelerator 1n the chemical conversion coating agent of the
present 1nvention 1s preferably within a range from 1 ppm of
a lower limit to 5000 ppm of an upper limit. When it is less
than 1 ppm, 1t is not preferred because an adequate effect cannot
pe attained. When it exceeds 5000 ppm, there is a possibility

of i1nhibiting coat formation. The above lower limit is more

preferably 3 ppm and further more preferably 5 ppm. The above
upper limit is more preferably 2000 ppm and further more
preferably 1500 ppm.

Pr
present invention substantially contains no phosphate ions.

P

eferably, the chemical conversion coating agent of the

Substantially containing no phosphate ions means that phosphate

lons are not contained to such an extent that the phosphate ions

act as a component 1n the chemical conversion coating agent.

Since the chemical conversion coating agent of the present
invention substantially contains no phosphate ions, phosphorus
causing a burden on the environment is not substantially used
and the formation of the sludge such as iron phosphate and zinc
phosphate, formed in the case of using a treating agent of zinc
phosphate, can be suppressed.

In the chemical conversion coating agent, preferably, a
PH 1s within a range from 1.5 of a lower limit to 6.5 of an upper

limit. When the pH is less than 1.5, etching becomes excessive

Cherefore, adequate coat formation becomes impossible. When

1t eXceeds 6.5, etching becomes insufficient: therefore, a good
coat cannot be attained. Morepreferably, the above lower limit

1s 2.0 and the above upper limit is 5.5. Still more preferably,
the above lower limit is 2.5 and the above upper limit is 5.0.

In order to control the pH of the chemical conversion coating

agent, there can be used acidic compounds such as nitric acid

12
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and sulfuric acid, and basic compounds such as sodium hydroxide,

potassium hydroxide and ammonila.
The chemilcal conversion coating agent of the present

inventionmay be used in combination with an arbitrary component

other than the above-mentioned components as required.
Examples of the component which can be used include metal ions
such as zinc 1on, magnesium ion, calcium ion, aluminum ion
manganese 1ion, iron ion, cobalt ion and copper ion, and
silicon-containing compounds such as silica, water-dispersed
silica, esters of silicic acld, and silane coupling agents and

the like. ‘
Achemical conversiontreatmentofmetal usingthe chemical

conversion coating agent is not particularly limited, and this
can be performed by bringing a chemical conversion coating agent

intocontactwithasurfaceofmetal inusual treatment conditions.

Preferably, a treatment temperature in the above-mentioned

conversion treatment is within a range from 20°C of a lower limit
to 70°C of an upper 1imit. More preferably, the above-mentioned

lower limit is 30°C and the above-mentioned upper limit is 50°C.
Preferably, achemical conversiontimeinthe chemical conversion

treatment 1s within a range from 5 seconds of a lower limit to

1200 seconds of an upper limit. More preferably, the

above-mentionedlower limitis 30 seconds and the above-mentioned

upper limit 1s 120 seconds. The treatment method is not
particularly limited, and examples thereof include an immersion

method, a spray coating method, a roller coating method and the
like.

Examples of a metal material treated with the chemical

conversion coating agent of the present invention include an
iron material, an aluminum material, a zinc material and the
like. Iron, aluminum and zinc materials mean an iron material
in which a material comprises iron and/or its alloy, an aluminum
material inwhich amaterial comprises aluminum and/or its alloy
and a zinc material in which a material comprises zinc and/or

1ts alloy, respectively. The chemical conversion coating agent

13
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of thepresent inventioncan also be used for chemical conversion
treatment of a substance to be coated comprising a plurality

ofmetalmaterials amongthe lronmaterial, thealuminummaterial

and the zlnc material.
The chemlcal conversion coating agent of the present
invention 1s preferable in point of being able to impart good

adhesion to a coating film to iron materials to which it is hard

tosupplysufficient adhesiontoacoating filmbyusual chemical
conversion coating agents of zirconium and the like; therefore,
1t can also be applied for treating a substance which contains
an 1ron material at least in part. Accordingly, the chemical
conversion coating agent of the present invention has an
excellent property particularly in application to iron
materials. '

Theilronmaterial isnotparticularlylimited, and exampl es
Chereof include a cold-rolled steel sheet, a hot-rolled steel
sheet and the like. The aluminum material is not particularly

limited, andexamples thereof include 5000 seriesaluminumalloy,

6000 seriles aluminum alloy and the like. The zinc material is
not particularly limited, and examples thereof include steel
sheets, which are platedwith zinc or a zinc-based alloy through
electroplating, hotdippingand vacuumevaporation cocating, such
as a galvanized steel sheet, a steel sheet plated with a

zinc-nickel alloy, a steel sheet plated with a zinc-iron alloy,
a steel sheet plated with a zinc-chromium alloy, a steel sheet

plated with a zinc-aluminum alloy, a steel sheet plated with
a zinc-titaniumalloy, a steel sheetplatedwitha zlnc-magnesium

alloy and a steel sheet plated with a zinc-manganese alloy, and

the like. Byusing the above chemical conversion coating agent,
chemical conversion treatment with iron, aluminum and zinc
materlals can be conducted simultaneously.

Preferably, a coat amount of the chemical conversion coat

attained by the chemical conversion coating agent of the present
invention is within a range from 0.1 mg/m? of a lower limit to

500 mg/m® of an upper limit in a total amount of metals contained

14
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in the chemical conversion coating agent. When this coat amount
is less than 0.1 mg/m“, it is not preferable because a uniform
chemical conversion coat cannot be attained. When 1t exceeds
500 mg/m*, it is economically disadvantageous because further
improvements of the performances cannot be obtained. More

preferably, the above-mentioned lower limit is 5 mg/m® and the

above-mentioned upper limit is 200 mg/m®.

The surface of the metal material is preferably degreased
before the chemical conversion treatment 1s applied using the
chemical conversion coatling agent; 1s rinsed with water after
being degreased; and ispostrinsedafter the chemical conversion

treatment.

The above—mentiohed degreasing is performed to remove an
01l matter or a stain adhered to the surface of the material,
and an immersion treatment is performed usually at 30 to 55°C
for about several minutes with a degreasing agent such as
phosphate-free andnitrogen—-freecleaningliquid for degreasing.
It 1s also possible to perform pre-degreasing before degreasing
as required.

The above-mentilioned rinsing with water after degreasing
is performed by spraying once or more with a large amount of
water for rinsing in order to rinse a degreasing agent after
degreasing.

The above-mentioned poétrinsing after the chemical
conversiontreatment isperformedonceormore inorder toprevent

the chemical conversion treatment from adversely affecting to

the adhesion and the corrosion resistance after the subsequent
various coating applications. In this case, it is appropriate

toperformthe final rinsingwithpurewater. Inthispostrinsing
after the chemical conversion treatment, either spray rinsing

or lmmersion rinsing may be used, and a combination of these
rinsing methods may be adopted.

After the above-mentioned postrinsing after the chemical
conversion treatment, the surface of the metal material is dried

as required according toapublicly known method and then various

15
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coating can be performed.
Inaddition, since thechemical conversiontreatmentusing

the chemical conversion coating agent of the present invention
does not need toperforma surface conditioningwhich is required
in a method of treating using the zinc phosphate-based chemical
conversion coating agent which i1s conventionally in the actual

use, the chemical conversion treatment of metal can be performed

in fewer steps.
| Thepresent inventionisalsodirectedtoasurface-treated

- metal having the chemical conversion coat formed by the chemical

conversion coating agent. The surface-treated metal of the
present invention has the excellent adhesion between a coating
filmand themetal when a coating such as cationicelectrocoating
and powder coating 1s further applied on the above-mentioned
chemical conversion coat. Coating which can be applied to the
surface~-treated metal of the present invention is not

particularly limited, and examples thereof may include cationic
electrocoating, powder coating and the like. Particularly,

.

since the chemical conversion coating agent of the present
invention can apply good treatment to all metals such as iron,
zinc and aluminum, it can be favorably used as pretreatment of
cationlicelectrocoatingof a substance tobe treated comprising,
in at least a part thereof, an iron material. The cationic
electrocoating is not specifically limited, and publicly known
cationic electrodeposition coating composition comprising
aminated epoxy resin, aminated acrylic resin, sulfonated epoxy

resin and the like can be applied.

By contalning at least one kind selected from the group
consisting of zirconium, titanium and hafnium as a component
constituting the chemical conversion coat and, further, by
containing the water-soluble resin having a specific structure,
the chemilcal conversion coating agent of the present invention
can form the chemical conversion coat, which is high in the
adhesion to a coating film, even for iron materials for which

pretreatment by the conventional chemical conversion coating

16
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agents containing zirconium and the like are not suitable.
Since the chemical conversion coating agent of the present
invention substantially contains no phosphate ions, the burden
ontheenvironment is less and the sludge isnot formed. Further,
O thechemical conversion treatment using the chemical conversion
coating agent of the present invention can perform the chemical
conversion treatment of metal material in fewer steps since it

does not require the steps of the surface conditioning.

10 Since the chemical conversion coating agent of the present
invention does not substantially use harmful heavy metal
compounds such as chromiumandvanadium, andphosphate compounds,
theburdenon theenvironment is less and the sludge isnot formed.

Inaddition, the chemical conversion coatingagent of the present
15 1invention can apply good treatment to all materials of iron
materials, aluminum materials and zinc materials, and can form
the chemical conversion coat which is high in the stability and
the adhesion to a coating film as a coat. Further, the chemical
conversion coating agent of the present invention is also
20 excellentinthatitcanapplythesurfacetreatmenttoasubstance
to be treated comprising a plurality of materials of the iron
material, the aluminum material and the zinc material such as

bodiles and parts'of automobiles.

25 EXAMPLES
Hereinafter, the present invention will be described in
more detail by way of examples, but the present invention is
not limited to these examples.

30 Example 1
Acommerclallyavailable cold-rolledsteel sheet (SPCC-SD,

manufactured by Nippon Testpanel Co., Ltd., 70 mm X 150 mm X
0.8 mm) was used as a material, and pretreatment of coatling was

applied to the material in the following conditions.
35 (1) Pretreatment of coating
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Degreasing treatment: The metal material was lmmersed at

40°C for 2 minutes with 2% by mass “SURF CLEANER 53" (degreasing
agent manufactured by Nippon Paint Co., Ltd.).

Rinsing with water after degreasing: The metal material
was rinsed for 30 seconds with a spray of running water.

Chemical conversion treatment: A chemical conversion
coating agent, having 100 ppm of the zirconium concentration
and 100 ppm of the resin concentration as a concentration of
solid matter, was prepared by using fluocrozilirconlic acld as a
component constituting a coat and PVAM-0595B (polyvinylamine
resin, molecular weight: 70,000, manufactured by Mitsubishi
Chemical Co., Ltd.) as resin. A pHwas adjusted to be 4 by using
sodium hydroxide. The temperature of the chemical conversion
coating agent was controlled at 40°C and the metal material was
immersed for 60 seconds. A coat amount at an initial stage of
treatment was 10 mg/m°.

Rinsing after chemical conversion treatment: The metal
material was rinsed for 30 seconds with a spray of running water.
Further, the metal material was rinsed for 30 seconds with a

spray of i1on-exchanged water.

Drying: Thecold-rolledsteel sheetafterrinsingwasdried
at 80°C for 5 minutes in an electrical dryer. It is noted that
a coat amount was analyzed as the total amount of metals contained
in the chemical conversion coating agent by using"‘XRF-—1700”
(X-ray fluorescence spectrometer manufactured by Shimadzu Co.,
Ltd.).

(2) Coating

After 1 m® of the surface of the cold-rolled steel sheet
was treatedper 1l liter of the chemical conversion coating agent,
electrocoating was applied to the surface in such a manner that

adried film thickness was 20 umusing “"POWERNIX 110” (a cationic
electrodeposition coating composition manufactured by Nippon

Paint Co., Ltd.) and, after rinsing with water, the metal

materials were heated and baked at 170°C for 20 minutes and test

sheets were prepared.

18
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Evaluation Test
<Observation of sludge>
After 1 m® of the surface of the cold-rolled steel sheet
was treatedper 1 liter of the chemical conversion coating agent,
5 haze in the chemical conversion coating agent was visually

cbserved.

(O: There is not haze

X: There 1s haze
<Secondary adhesion test (SDT) >

10 | Twoparallel lines, whichhavedepthreachingthematerial,
were cut 1n a longitudinal direction on the obtained test sheet
and then the test sheet was lmmersed at 50°C for 480 hours in

% aqueous solution of NaCl. After immersion, a cut portion
was peeled off with an adhesive tape and peeling of a coating

15 was observed.

©: No peeled
O: Slightly peeled

X: Peeled 3 mm or more in width
Results of observations are shown in Table 1.

20 Example 2
The test sheet waspreparedby following the same procedure
as that of Example 1 except that PAA-01 (polyallylamine resin,
molecular weight: 1000, manufactured by Nitto Boseki Co., Ltd.)
was used as the water-soluble resin and the concentration of

25 the resin was changed to 500 ppm.
Example 3 |

The test sheet was preparedby following the same procedure
as that of Example 1 except that PAA-10C (pelyallylamine resin,

molecularweight: 15000, manufacturedbyNitto Boseki Co., Ltd.)
30 was used as the water-soluble resin.
Example 4

The test sheet was preparedby following the same procedure
as that of Example 1l except that PAA-H~-10C (polyallylamine resin,
molecularwelght: 60000, manufacturedbyNitto Boseki Co., Ltd.)

30 was used as the water-soluble resin and the concentration of
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the resin was changed to 50 ppmn.

Example 35
The test sheet was preparedby following the same procedure

as that of Example 1 except that PAA-D-11HCl (polyallylamilne
copolymer, molecularweight: 70000, manufacturedbyNittoBosekl
Co., Ltd.) was used as the water-soluble resin and the

concentration of the resin was changed to 50 ppm.
Example 6

The test sheet was preparedby following the same procedure
as that of Example 1 except that PAA-H-10C was used as the
water-soluble resin and the concentration of the resin was

changed to 5 ppm.

Example 7
The test sheet was preparedby following the same procedure

as that of Example 1 except that the concentration of zirconium
was changed to 500 ppm, and PAA-01 was used as the water-soluble
resin and the concentration of the resin was changed to 5000

ppm.
Example 8

The test sheet was preparedby followlng the same procedure
as that of Example 1 except that the metal material was changed
togalvanized steel sheet (GAsteel sheet, manufacturedby Nippon
Testpanel Co., Ltd., 70 mm X 180 mm x 0.8 mm).

Example 9

The test sheet was preparedby following the same procedure
as that of Example 1 except that the metal material was changed
to 5000 series aluminum (manufactured by Nippon Testpanel Co.,
Ltd., 70 mm x 180 mm x 0.8 mm).

Example 10

The test sheet was preparedby following the same procedure
as that of Example 1 except that degreasing is performed by using
the “SURF CLEANER ECS2” in place of “SURF CLEANER 53” and
fluorozirconic acid, PAA-10C, zinc nitrate, commercially
avallable silica (manufactured by Nissan Chemical Industries,
Ltd.) and ascorbic acid as a chemical conversion reaction
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accelerator are blended in concentrations shown in Table 1 and
the metal material was sent to a coating step as is wet without
being dried. The concentrations of zincnitrate and silica are
the concentration as metal 1ons or as a silicon component.
Example 11

The test sheet waspreparedby following the same procedure
as that of Example 10 except that fluorozirconic acid, zinc |
nitrate, manganese nitrate, and sodium bromate as a chemical
conversion reaction accelerator were blended in concentrations
shown 1n Table 1 and a pH was adjusted to be 5.5 and the metal
material was sent to a coating step after being air-dried.
Comparative Example 1

The test sheet was preparedby following the same procedure
as that of Example 1 except that the water-soluble resin was
not blended.
Comparative Example 2

The test sheet was prepared by following the same procedure
as that of Example 1 except that the fluorozirconic acid wa's
not blended.
Comparative Example 3

The test sheet was preparedby following the same procedure
as that of Example 10 except that fluorozirconic acid and citric
acid 1ron (III) ammonium were blended in concentrations shown
in Table 1.
Comparative Example 4

The test sheet wasobtainedby following the same procedure
as thatofExample 1 except that thechemical conversiontreatment
was performed by conditioning the surface at room temperature
for 30 seconds using “SURF FINE 5N-8M” (manufactured by Nippon
Paint Co., Ltd.) after rinsing with water after degreasing and
py immersing the test sheet at 35°C for 2 minutes using “SURF
DYNE SD=-0350” (a zinc phosphate~-based chemical conversion
coating agent manufactured by Nippon Paint Co., Ltd.).
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Table 1 shows that there was not the formation of sludge
inthe chemical conversion coatingagent of the present invention.
Further, it was shown that the chemical conversion coating agent
of the present invention could form the chemical conversion coat
having the good adhesiontoacoatingfilminallmetal materials.
On the other hand, thechemical conversioncoatingagent obtalined
in Comparative Examples could not suppresses the formation of
sludge and could not attain the chemical conversion coat which

has excellent adhesion to a cationic electrodeposition coating

film.
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CLAIMS

1. A chemical conversion coating agent comprising:

at least one kind selected from the group consisting of
zirconium, titanium and hafnium;

fluorine; and

a water-soluble resin ,

wherein said water-soluble resin has, in at least a part

thereof, a constituent unit expressed by the chemical formuila

{»CHQ—-CIIH—} (1)

NH,

and/or the chémical formula (2):

‘{‘CHT'?H‘)‘ (2)

[

NH,

2. The chemical conversion coating agent according to
Claim 1,

whereln the water-soluble resin is a polyvinylamine resin
or a polyallylamine resin.

3. The chemical conversion coating agent according to
Claim 1 or 2,

wherein the water-soluble resin has a molecular weight
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of 500 to 500000, and a content of the water-socluble resin 1n

the chemical conversion coating agent 1s o5 to 5000 ppm.

4. The chemical conversion coating agent according to

any of Claims 1 to 3, containing
1 to 5000 ppm of at least one kind of a chemical conversion

reaction accelerator selected from the group consisting of
nitrite ion, nitro group-~containing compounds, hydroxylamine
sulfate, persulfateion, sulfiteion, hyposulfiteion, peroxides,
iron (III) ion, citric acid iron compounds, bromate ion,
perchlorinate ion, chlorate 1on, chlorite 1ion, as well as

ascorbicacid, citricacid, tartaricacid, malonicacid, succinic

acid and salts thereof.

5. The chemical conversion coating agent according to

any of Claims 1 to 4,

wherein the at least one kind selected from the group
consisting of zirconium, titanium and hafnium has a content of

20 to 10000 ppm in terms of metal, and the chemical conversion

coating agent has a pH of 1.5 to 6.5.

6. A surface-treated metal comprising

a chemical conversion coat formed by the chemical

converslion coating agent according to any of Claims 1 to 5.

7. The surface-treated metal according to Claim 6,
whereln the chemical conversion coat has a coat amount
of 0.1 to 500 mg/m® in a total amount of metals contained in

the chemical conversion coating agent.
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