
Our Ref.2009S02034 - 1 - DESCRIPTION [Title of Invention]
SURFACE-TREATMENT AGENT, METHOD FOR PRODUCING COATED STEEL 5 SHEET
USING THE SURFACE-TREATMENT AGENT, AND COATED STEEL SHEET [Technical
Field] [0001] The present invention relates to a surface-treatment 10
agent for coated steel sheets that is optimally used for applications
of automobiles, household electrical appliances, and building
materials, in particular, an environmentally friendly
surface-treatment agent that is completely free from chromium and the
like at the time of production and 15 during production; a method for
producing a coated steel sheet using the treatment agent; and a
surface-treated coated steel sheet. [Background Art] [0002] 20Steel
sheets obtained by subjecting surfaces of galvanized steel sheets to
a chromate treatment with a treatment solution mainly containing
chromic acid, dichromic acid, or a salt of the foregoing for the
purpose of enhancing corrosion resistance (white-rust resistance and
25 red-rust resistance) are widely used as steel sheets for  Our
Ref.2009S02034 - 2 - household electrical appliances, steel sheets
for building materials, and steel sheets for automobiles. The
chromate treatment provides excellent corrosion resistance and is an
economical treatment that can be relatively easily performed. 5[0003]
The chromate treatment employs hexavalent chromium, which is a
regulated substance causing pollution. However, the chromate
treatment employs hexavalent chromium within a closed system and
completely reduces and collects hexavalent 10 chromium without
releasing it into the nature. In addition, organic films can provide
a sealing function of substantially preventing release of chromium
from chromate films. Accordingly, the chromate treatment does not
substantially cause contamination of the environment or 15 human
bodies with hexavalent chromium. However, due to recent global
environmental issues, there has been a strong trend toward voluntary
reduction in use of hexavalent chromium. In addition, to prevent
environmental contamination caused by dumping of shredded dust of 20
discarded products, there has already been a trend toward, in
products, minimization of the amount of hexavalent chromium or
reduction in the amount of hexavalent chromium. [0004]
Accordingly, a large number of treatment techniques for 25
suppressing the generation of white rust on galvanized steel  Our
Ref.2009S02034 - 3 - sheets without employing the chromate treatment,
that is, chromium-free techniques, have been developed. For example,
there is a technique of forming surface-treatment films on galvanized
steel sheets by using an inorganic compound, an 5 organic compound,
an organic polymer material, or a composition containing the
foregoing in combination. Although various advantageous techniques
have been developed, with commercial use of these chromium-free
techniques, objects that were not recognized and need to be achieved
10 have been newly found. [00051       The first object is to enhance
corrosion resistance in processed portions of surface-treated
galvanized steel sheets. Surface-treated galvanized steel sheets are
15 subjected to processing (cutting, bending, welding of parts, and
painting) to be turned into products. When a surface-treated
galvanized steel sheet is bent, a coated layer in the front surface
of the bent portion is extended. In this case, a surface-treatment
film is also extended by the 20 bending and the surface-treatment
film is damaged and the galvanized surface is exposed. Degradation of
corrosion resistance in such exposed portions is problematic. In



10 composed of a hydroxypyrone compound derivative to impart
corrosion resistance to metal materials; and a method employing an
aqueous solution of a hydroxystyrene compound or a water-dispersible
polymer to impart corrosion resistance to metal materials. Patent
Literature 4 15 discloses a technique employing a surface-treatment
agent obtained by mixing an aqueous resin, colloidal silica, and
ammonium vanadate with specific proportions. However, any of these
techniques cannot achieve a film that provides corrosion resistance
that is sufficient to replace chromate 20 films. [0010]       Patent
Literature 5 discloses a technique of a surface-treatment film
containing an organic resin and a thiocarbonyl-group-containing
compound; however, the 25 surface-treatment film does not provide
sufficient corrosion  Our Ref.2009S02034 - 7 - resistance after being
subjected to alkaline degreasing. Patent Literature 6 discloses a
technique in which a surface of a metal plate is treated with a
treatment solution that is an aqueous solution of lithium silicate
containing an 5 organic resin, a silane coupling agent, and a solid
lubricant; however, the inorganic components tend to form a rigid
polymer and hence corrosion resistance in portions processed by
bending or the like is insufficient. In addition, due to the presence
of the alkali metal, secondary 10 adhesion of painting is poor.
Patent Literature 7 discloses a technique of forming a resin film
with a resin aqueous solution containing a carboxyl-group-containing
polyurethane resin, an aqueous dispersion of an ethylene-unsaturated
carboxylic acid copolymer, silica particles, and a silane 15 coupling
agent with specific proportions; however, solvent resistance and
corrosion resistance in processed portions are not sufficiently
achieved. Patent Literature 8 discloses a steel sheet having a film
containing a urethane resin, a lubricant, an inorganic colloid
compound, and a 20 silane coupling agent with specific proportions.
This film is designed for electrodeposition and excellent in terms of
electrodeposition properties, but does not provide sufficient
corrosion resistance in processed portions. [0011] 25Patent
Literature 9 discloses a surface-treatment  Our Ref.2009S02034 - 8 -
solution containing a silane coupling agent and a urethane resin and
adjusted so as to have a pH of 2.5 to 4.5; however, the solution does
not provide sufficient corrosion resistance after alkaline degreasing
and does not provide 5 sufficient solvent resistance. Patent
Literature 10 discloses a technique of forming a film with a
treatment solution containing a water-dispersible resin, silica
particles, and organic titanate with specific proportions; however
the technique does not provide sufficient corrosion 10 resistance in
processed portions. Patent Literatures 11 and 12 disclose a technique
of forming a film with a treatment solution containing an aqueous
dispersion of a specific epoxy resin, a dispersion of a urethane
resin, a silane coupling agent, phosphoric acid and/or a phosphate
compound, 15 and a compound having 1 to 5 fluorine atoms in a
molecule; however, the film has insufficient alkali resistance and it
is difficult for the film to have sufficient corrosion resistance and
paintability after alkaline degreasing; and the film does not provide
sufficient corrosion resistance in 20 processed portions or
sufficient solvent resistance. [0012] Patent Literature 13 discloses
a technique of forming a film with a treatment solution containing a
specific resin      compound, a vanadium compound, and a metal
compound 25 containing a specific metal; however, the film has  Our



15 Publication No. 2001-181860 PTL 14:Japanese Patent No.3883831 PTL
15:Japanese Patent No.4078044 PTL 16: Japanese Unexamined Patent
Application  Publication No. 2006-152436 [Summary of Invention]
[Technical Problem] 20[0015]      An object of the present invention
is to provide a chromium-free surface-treatment agent that is used
for coated steel sheets, overcomes the above-described problems of
existing techniques, allows for formation of films having 25
excellent corrosion resistance on surfaces of metal  Our
Ref.2009S02034 - 12 - materials, provides excellent corrosion
resistance in bent portions, solvent resistance, and paintability
after alkaline degreasing, and has excellent storage stability in the
state of a one-component agent; a method for producing a 5 coated
steel sheet with the treatment agent; and a surface-treated coated
steel sheet. [Solution to Problem] [0016] The inventors of the
present invention have thoroughly 10 studied how to achieve the
object and have newly found the following findings. By treating a
surface of a galvanized steel sheet with a surface-treatment agent
containing a specific resin compound, a specific cationic urethane
resin, a silane coupling agent having a specific functional group, 15
a specific organic Ti chelate compound, a tetravalent vanadyl
compound, with specific proportions, a film having excellent
corrosion resistance can be formed and a film that is excellent in
terms of solvent resistance and paintability can be formed. In
addition, similar films can be formed 20 with the surface-treatment
agent even after storage. Thus, the present invention has been
accomplished. The present invention is based on the findings and
features thereof will be described below. [0017] 25(1) A
surface-treatment agent includes  Our Ref.2009S02034 - 13 -  (A) a
resin compound (hereafter, referred to as "resin compound (A)")
having a bisphenol skeleton represented by a general formula (I)
below;  (B) a cationic urethane resin emulsion (hereafter, referred 5
to as "cationic urethane (B)") having at least one cationic
functional group selected from primary to tertiary amino groups and a
quaternary ammonium salt group;  (C) at least one silane coupling
agent having at least one reactive functional group selected from an
active-hydrogen- 10 containing amino group, an epoxy group, a
mercapto group, and a methacryloxy group; (E) an organic titanium
chelate compound; (E) a tetravalent vanadyl compound; and (F) water,
15wherein, a mass ratio [(b)/{(a) + (b) + (c)}) of a solid content of
the cationic urethane (B) to a total of solid contents of the resin
compound (A), the cationic urethane (B), and the silane coupling
agent (C) is 0.1 to 0.3, a mass ratio [(c)/{(a) + (b) + (c))1 of the
solid 20 content of the silane coupling agent (C) to the total of the
solid contents of the resin compound (A), the cationic urethane (B),
and the silane coupling agent (C) is 0.6 to 0.85,           a mass
ratio {(c)/Ti} of the solid content of the 25 silane coupling agent
(C) to a content of the organic  Our Ref.2009S02034 - 14 - titanium
chelate compound (D) in terms of titanium is 50 to 70, a mass ratio
(V/Ti) of a content of the tetravalent vanadyl compound (E) in terms
of vanadium to the content of 5 the organic titanium chelate compound
(D) in terms of titanium is 0.3 to 0.5, the surface-treatment agent
has a pH of 4 to 5,      in the formulae, (a) represents the solid
content of the resin compound (A), (b) represents the solid content
of 10 the cationic urethane (B), (c) represents the solid content of
the silane coupling agent (C), Ti represents the content of the



-CH2 N--R4(III) 115 in the formulae (II) and (III), R1, R2f R3f R4,
and R5 each independently represent   a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, 5 or a hydroxyalkyl group having 1 to 10
carbon atoms; and A-represents a hydroxide ion or an acid ion. [0018]
(2) The surface-treatment agent according to (1) above 10 further
includes (W) a wax,       wherein a mass ratio [(w)/((a) + (b))] of a
solid content of the wax (W) to a total of the solid contents of the
resin compound (A) and the cationic urethane (B) is 0.2 to 0.4, and
15in the formula, (w) represents the solid content of the wax (W),
(a) represents the solid content of the resin compound (A), and (b)
represents the solid content of the cationic urethane (B). [0019]
20(3) A method for producing a coated steel sheet includes applying
the surface-treatment agent according to (1) or (2) above to a coated
steel sheet, and drying the surface-  Our Ref.2009S02034 - 17 -
treatment agent at a sheet temperature of 50C to 180C to form a
surface-treatment film having a coating weight of 0.2 to 1.8 g/m2 on
a surface of the steel sheet. [0020] 5 (4) A coated steel sheet
produced by the method for producing a coated steel sheet according
to (3) above. [Advantageous Effects of Invention] [0021] According to
the present invention, a film can be 10 formed that has corrosion
resistance equivalent to that of chromate films and is excellent in
terms of corrosion resistance in processed portions formed during
production process, solvent resistance, and paintability after
alkaline degreasing. Thus, chromium-free coated steel sheets that 15
are more useful than existing products can be provided. In addition,
a chromium-free surface-treatment agent for coated steel sheets
according to the present invention is also excellent in terms of
storage stability and hence is very advantageous in industrial usage.
20 [Description of Embodiments] [0022]       Hereinafter, details of
the present invention and reasons for the limitations in the present
invention will be described. Steel sheets serving as bases of
surface-treated 25 steel sheets according to the present invention
are coated  Our Ref.2009S02034 - 18 - steel sheets that are produced
from cold-rolled sheet steels and used for household electrical
appliances, building materials, and automobile parts. To provide
advantages of a surface-treatment agent according to the present
invention 5 markedly, galvanized steel sheets are preferably used.
Examples of galvanized steel sheets include electrogalvanized steel
sheets, hot dip galvanized steel sheets, zinc-aluminum alloy-coated
steel sheets, zinc-iron alloy-coated steel sheets, zinc-magnesium
coated steel 10 sheets, and zinc-aluminum-magnesium alloy-coated
steel sheets. The present invention is also applicable to aluminum
materials such as aluminum-coated steel sheets, aluminum-Si
alloy-coated steel sheets, and aluminum sheets; however, most
preferably, the present invention is applied 15 to galvanized steel
sheets. [0023] Such galvanized steel sheets may be provided, for the
purpose of enhancing blackening resistance of galvanized steel
sheets, by adding a small amount of Ni or Co to 20 coating or by
precipitating Ni, Co, and Fe on surfaces of the galvanized steel
sheets using an acid or alkali aqueous solution containing these
metals. [0024]           Hereinafter, a surface-treatment agent
according to the 25 present invention will be described.  Our
Ref.2009S02034 - 19 - [0025] A surface-treatment agent according to
the present invention includes (A) a resin compound represented by a
general formula (I) below; (B) a cationic urethane; (C) at 5 least



In the formula, Yl and Y2 bonded to benzene rings each independently
represent hydrogen or a Z group represented by the general formula
(II) or (III) below; an average 5 substitution number of the Z group
per benzene ring is 0.2 to 1.0; and n represents an integer of 2 to
50. [0028]      Herein, the average substitution number of the Z
group is a value obtained by dividing the total number of the Z 10
groups introduced by the total number of the benzene rings (that is,
2n). In the present invention, when the Z groups are selected for Y1
and Y2, the resin compound (A) has cationic functional groups of a
secondary amino group, a tertiary amino group and a quaternary
ammonium salt group.  Our Ref.2009S02034 - 22 - Accordingly, the
resin compound (A) can dissolve with more stability in a
surface-treatment agent that is acidic (pH 4 to 5) according to the
present invention. In the present invention, average degree of
polymerization n is defined as 5 2 to 50. When n is less than 2, the
effect of imparting corrosion resistance is insufficient. When n is
more than 50, degradation of water solubility, an increase in
viscosity, or the like occurs and stability in the treatment agent is
degraded, which results in insufficient storage 10 stability. [0029]
[Chemical formula 5]  [0030] 15[Chemical formula 6] CH2 NR4A(III) R5
Our Ref.2009S02034 - 23 - independently represent a hydrogen atom, an
alkyl group having 1 to 10 carbon atoms, or a hydroxyalkyl group
having 1 to 10 carbon atoms. When the number of the carbon atoms of
the alkyl group or the 5 hydroxyalkyl group is more than 10, the
resin compound (A) cannot be sufficiently dissolved in water, becomes
unstable in the treatment agent, and cannot be used. Specific
examples of R1, R2, R3, R4, and R5 include methyl, ethyl, propyl,
butyl, hydroxyethyl, 2-hydroxypropyl, and 10 hydroxyisobutyl. [0031]
A- represents a hydroxide ion or an acid ion. Specific examples of
the acid ion include an acetate ion, a phosphate ion, and formate
ion. 15[0032]       The resin compound (A) represented by the general
formula (I) is a bisphenol-formalin condensate and a synthetic method
thereof is not limited. For example, the resin compound (A) can be
obtained by allowing formalin and 20 amine to react with bisphenol A
in the presence of an alkaline catalyst. [0033]      The cationic
urethane (B) in a surface-treatment composition according to the
present invention is not 25 particularly limited in terms of a polyol
component and an  Our Ref.2009S02034 - 24 - isocyanate component that
are monomer components forming the cationic urethane (B) and
polymerization method as long as the cationic urethane (B) has at
least one cationic functional group selected from primary to tertiary
amino 5 groups and a quaternary ammonium salt group. Examples of the
cationic functional group include an amino group, a methylamino
group, an ethylamino group, a dimethylamino group, a diethylamino
group, a trimethylamino group, and a triethylamino group. However,
the cationic functional 10 groups are not limited as long as they are
primary to tertiary amino groups and a quaternary ammonium salt group
and they do not degrade performance of the present invention. [0034]
The silane coupling agent (C) in a surface-treatment 15 agent
according to the present invention has at least one reactive
functional group selected from an active-hydrogen- containing amino
group, an epoxy group, a mercapto group, and a methacryloxy group.
The silane coupling agent (C) is preferably a trialkoxysilane having
three alkoxy. Such at 20 least one silane coupling agent may be used
without particular limitations. Specific examples of the silane



the maximum effect of enhancing corrosion resistance is 15 provided.
[0037]       In a surface-treatment agent according to the present
invention, a mass ratio [(b)/((a) + (b) + (c)}] of the solid content
of the cationic urethane (B) to the total of the 20 solid contents of
the resin compound (A), the cationic urethane (B), and the silane
coupling agent (C) is preferably 0.1 to 0.3, more preferably 0.12 to
0.28. When the ratio is less than 0.1, the proportion of the urethane
resin is too low and corrosion resistance in bent portions, 25 heat
resistance, and storage stability of the surface-  Our Ref.2009502034
- 27 - treatment agent become poor. When the ratio is more than 0.3,
solvent resistance becomes poor. [0038] In a surface-treatment agent
according to the present 5 invention, a mass ratio [(c)/{(a) + (b) +
(c))] of the solid content of the silane coupling agent (C) to the
total of the solid contents of the resin compound (A), the cationic
urethane (B), and the silane coupling agent (C) is preferably 0.6 to
0.85, more preferably 0.65 to 0.80. When 10 the ratio is less than
0.6, solvent resistance becomes poor. When the ratio is more than
0.85, corrosion resistance in processed portions and storage
stability of the surface-treatment agent become poor. [0039] 15In a
surface-treatment agent according to the present invention, a mass
ratio {(c)/Ti} of the solid content of the silane coupling agent (C)
to the content of the organic titanium chelate compound (D) in terms
of titanium is 50 to 70, preferably 55 to 65. When the ratio is less
than 50, 20 corrosion resistance in processed portions and storage
stability become poor. When the ratio is more than 70, the
probability of being released from a film increases and paintability
after alkaline degreasing becomes poor. [0040] 25Note that, in the
calculation of the mass ratios in the  Our Ref.2009S02034 - 28 -
present invention, the mass of the silane coupling agent (C) is
defined as the mass of silanol (R-Si(-0H)3) provided by hydrolysis of
alkoxysilane (R-Si(-0R1)3). This is because, when the silane coupling
agent is dissolved in water, the 5 most portion thereof is hydrolyzed
and alcohol generated by the hydrolysis evaporates in the formation
of a film by applying and drying a treatment agent according to the
present invention and does not function as an active component.
10[0041]      In a surface-treatment agent according to the present
invention, a mass ratio (V/Ti) of the content of the tetravalent
vanadyl compound (E) in terms of vanadium to the content of the
organic titanium chelate compound (D) in 15 terms of titanium is 0.3
to 0.5, preferably 0.35 to 0.48. When the ratio is less than 0.3,
corrosion resistance becomes poor. When the ratio is more than 0.5,
paintability after alkaline degreasing becomes poor. [0042] 20A
surface-treatment agent according to the present invention has a pH
of 4 to 5. When the pH is less than 4, a large amount of zinc is
released from galvanized steel sheets that are surface-treated and
corrosion resistance becomes poor. When the pH is more than 5, the
surface- 25 treatment agent does not have stability. An acid
component  Our Ref.2009S02034 - 29 - used for adjusting the pH to be
in the range of 4 to 5 is preferably phosphoric acid, acetic acid,
formic acid, hydrofluoric acid, a fluoride, or the like. Strong acids
such as sulfuric acid and nitric acid are not preferred. 5 When
sulfuric acid or nitric acid is used, pH shock (local rapid change in
pH) in the pH adjustment tends to cause gelation of cationic phenol
and cationic urethane in the surface-treatment agent; in addition,
salts generated in the gelation have a high probability of being



20 specific gravity of the wax (W) does not occur and excellent
storage stably is achieved, which is preferable. [0044]       The
water (F) used in the present invention is preferably a water that is
less likely to affect the 25 components of the resin compound (A),
the cationic urethane  Our Ref.2009502034 - 32 - (B), the silane
coupling agent (C), and the organic titanium chelate compound (D);
and an acid component and an alkaline component used for pH
adjustment. Hardness components such as Mg, Ca, and Si contained in
water as impurities degrade 5 solubility and dispersibility of the
resin compound (A) and the cationic urethane (B) according to the
present invention and may cause generation of aggregates of (A) and
(B). In addition, when Na, Cl, and the like contained in water as
impurities remain in films, they may degrade corrosion 10 resistance
or painting adhesion. Accordingly, the water (F) used preferably
contains small amounts of impurities and, for example, preferably has
an electrical conductivity of less than 100 liS/cm, More preferably
50 p.S/cm or less, still more preferably 10 1.1.S/cm or less.
15[0045] A surface-treatment agent according to the present invention
may optionally contain a defoaming agent or a wettability enhancer.
The type of the defoaming agent is not particularly limited and may
be, for example, an 20 emulsion of silicone or a fatty acid. The
wettability enhancer is an agent that decreases the surface tension
of the surface-treatment agent to enhance the wettability of the
surface-treatment agent to galvanized steel sheets to thereby enhance
appearance uniformity. The wettability 25 enhancer may be a
water-soluble solvent such as ethanol, T-  Our Ref.2009502034 - 33 -
butanol, or butyl cellosolve; however, the wettability enhancer is
not limited to these solvents. For example, a wettability enhancer
containing acetylene has a defoaming effect and is preferable. A
surface-treatment agent 5 according to the present invention may
optionally contain a nitrate such as nickel nitrate or ammonium
nitrate for the purpose of enhancing blackening resistance. While
nitric acid causes pH shock as described above, nitrates do not cause
pH shock. 10[0046]      Hereinafter, a method for producing a coated
steel sheet employing the surface-treatment agent will be described.
A surface-treatment film is preferably formed on a 15 coated steel
sheet using a surface-treatment agent according to the present
invention by applying the surface-treatment agent to the coated steel
sheet and drying the surface-treatment agent at a sheet temperature
of 50C to 180C to form a surface-treatment film having a coating
weight of 0.2 20 to 1.8 g/m2 relative to a single surface of the
steel sheet. The coating weight is more preferably 0.3 to 1.6 g/m2,
still more preferably 0.4 to 1.4 g/m2. When the coating weight is
less than 0.2 g/m2, corrosion resistance is not sufficiently
provided. When the coating weight is more than 1.8 g/m2, the 25
effect in terms of coating weight is saturated and such a  Our Ref
.2009S02034 - 34 - coating weight is economically disadvantageous and
also degrades paintability. A surface-treatment agent according to
the present invention may be applied to a coated steel sheet with a
roll coater (having a three-roll configuration, 5 a two-roll
configuration, or the like), a squeeze coater, a die coater, or the
like. After the coating treatment with a squeeze coater or the like,
an immersion treatment, or a spraying treatment is performed, an air
knife method or a roll-squeezing method may be used to adjust the
coating 10 weight and to make the appearance and thickness of the



[0052]      However, the resin compound (A) tends to turn yellow
under heating (degradation of thermal yellowing resistance) and tends
to provide a hard film. Accordingly, in the 15 present invention, the
cationic urethane (B) is further added to reduce hardness due to the
phenolic resin to thereby ensure corrosion resistance in processed
portions. [0053] Although the cationic urethane (B) has such an 20
advantage, it provides a film that is likely to separate with polar
solvents. Accordingly, in the present invention, the silane coupling
agent (C) is further added for the purpose of ensuring solvent
resistance (relative to polar solvents) and yellowing resistance. The
silane coupling 25 agent (C) produces active silanol groups (Si-OH)
from end  Our Ref.2009S02034 - 37 - alkoxy groups through hydrolysis
and hence contributes to adheSion to a material (galvanized steel
sheet) and an overcoat. In addition, a portion of the silane coupling
agent (C) undergoes dehydration condensation to generate 5 siloxane
bonds (Si-O-Si). The silane coupling agent (C) turns into a polymer
by the formation of continuous chains of the siloxane bonds
(formation of polysiloxane: -Si-O-Si- O-Si-). As a result, the silane
coupling agent (C) has a structure with high stability and can impart
corrosion 10 resistance, solvent resistance, and yellowing resistance
to the film. [0054] As described above, by using the resin compound
(A), the cationic urethane (B), and the silane coupling agent (C) 15
serving as main components with appropriate proportions, highly
balanced various characteristics can be probably achieved. However,
an agent that overcomes existing problems and achieves the newly
found objects cannot be obtained with the main components only. To
achieve the 20 objects, a surface-treatment agent according to the
present invention contains, as essential components, the main
components and the organic titanium chelate compound (D). The organic
titanium chelate compound (D) probably functions as a catalyst
promoting formation of polysiloxane in the 25 formation of a film by
drying the surface-treatment agent.  Our Ref.2009S02034 - 38 - As a
result, the film has considerably enhanced alkali resistance,
enhanced corrosion resistance after alkaline degreasing, enhanced
solvent resistance, and enhanced paintability. 5[0055] To provide
such an effect, a predetermined content of the organic titanium
chelate compound (D) is needed, the predetermined content being
determined in accordance with the content of the silane coupling
agent (C). When the 10 content of the organic titanium chelate
compound (D) is low, the desired effect is not provided; and when the
content is excessive, the amount of polysiloxane becomes excessively
large to provide a hard and brittle film and corrosion resistance in
processed portions becomes poor. Although the 15 formation of
polysiloxane promoted by the organic titanium chelate compound (D)
ideally proceeds in the formation of the film, the organic titanium
chelate compound (D) also promotes the formation of polysiloxane
during storage of the surface-treatment agent. Accordingly, when the
content of 20 the organic titanium chelate compound (D) is excessive,
storage stability (suppression of an increase in viscosityand
gelation) of the surface-treatment agent becomes poor and the
surface-treatment agent after storage no longer has the quality
thereof before the storage. 25[0056]  Our Ref.2009S02034 - 39 -
A surface-treatment agent according to the present invention contains
the tetravalent vanadyl compound (E) as another essential component.
In the present invention, the tetravalent vanadyl compound (E)



[0059] 15(1) Corrosion resistance      The samples were subjected to
salt spray testing (JISZ-2371-2000) and were evaluated in terms of
area percentage of white rust after a lapse of 120 hours. The
following evaluation criteria were used. 20 Excellent: white-rust
area percentage of 0% Very Good: white-rust area percentage of less
than 5% Good: white-rust area percentage of 5% or more and less than
10%      Fair: white-rust area percentage of 10% or more and less 25
than 20%  Our Ref.2009S02034 - 42 - Poor: white-rust area percentage
of 20% or more and less than 40% Very poor: white-rust area
percentage of 40% or more [0060] 5 (2) Corrosion resistance in bent
portion Each sample was bent at 180 by being sandwiched between rods
(formed of stainless steel) having a diameter of 2 mm and was
squeezed with a vise. The bent sample was subjected to salt spray
testing (JIS-Z-2371-2000) and was 10 evaluated in terms of generation
of white rust in the outer (front) surface of the bent portion after
a lapse of 72 hours. The following evaluation criteria were used.
Excellent: no rust in the bent portion      Very Good: rust area
percentage of less than 5% in the bent 15 portion Good: rust area
percentage of 5% or more and less than 10% in the bent portion Fair:
rust area percentage of 10% or more and less than 40% in the bent
portion 20 Poor: rust area percentage of 40% or more and less than
80% in the bent portion Very poor: rust area percentage of 80% or
more in the bent portion [0061] 25(3) Corrosion resistance after
alkaline degreasing  Our Ref.2009302034 - 43 -      An alkaline
degreasing agent CL-N364S (manufactured by Nihon Parkerizing Co.,
LTD.) was dissolved at a concentration of 20 g/1 in pure water and
heated to 60C. Each sample was immersed in this alkaline solution for
2 5 minutes, taken out from the solution, rinsed, and dried. The
sample was subjected to salt spray testing (JIS-Z-2371- 2000) and was
evaluated in terms of area percentage of white rust after a lapse of
72 hours. The evaluation criteria described in (1) above were used.
10[0062] (4) Thermal discoloration resistance       Each sample was
heated with an infrared image furnace for 30 seconds so that a sheet
temperature may reach 500C, held for 30 seconds, and allowed to
naturally cool to room 15 temperature. The appearance of a surface of
the sample was visually inspected. The following evaluation criteria
were used. Excellent: no discoloration Good: very slightly brown 20
Fair: discoloration to pale brown Poor: discoloration to brown [00631
(5) Paintability Each sample was painted with a DELICON (registered
25 trademark) #700 (Manufactured by Dai Nippon Toryo Company,  Our
Ref.2009502034 - 44 - Limited), which is a melamine alkyd paint,
baked at 130C for 30 minutes to form a painted film having a
thickness of 30 pm, immersed in boiling water for 2 hours, and
immediately cut in a lattice pattern (10 x 10 squares, 5 pitch: 1 mm)
to such a depth as to reach the base steel. The sample was subjected
to cupping by 5 mm with an Erichsen tester such that the cut portion
was on the outer (front) side. An adhesive tape was affixed to the
sample and removed from the sample and delamination area percentage
of 10 the painted film was determined. The evaluation criteria below
were used. The Erichsen cupping conditions were compliance with
JIS-Z-2247-2006 and the punch diameter was 20 mm, the die diameter
was 27 mm, and the drawing width was 27 mm. 15 Excellent: no
delamination Very Good: delamination area of less than 3% Good:
delamination area of 3% or more and less than 10% Fair: delamination
area of 10% or more and less than 20% Poor: delamination area of 20%



than 50%  20 Very poor: delamination area of 50% or more [0064] (6)
Paintability after alkaline degreasing        Each sample was
subjected to alkaline degreasing as in (3) above and subjected to the
paintability test as in (5) 25 above. The same evaluation criteria as
in (5) were used.  Our Ref.2009S02034 - 45 - [0065) (7) Solvent
resistance A gauze impregnated with methanol was pressed under a load
of 4.90 N (500 gf) onto a surface of each sample and 5 rubbed against
the surface in a reciprocating manner for ten cycles under the load.
Tracks caused by the rubbing were evaluated by visual inspection. The
following evaluation criteria were used. Excellent: no tracks 10 Very
Good: no tracks visible when viewed from above, but tracks slightly
visible when viewed obliquely Good: no tracks visible when viewed
from above, but tracks clearly visible when viewed obliquely   Fair:
tracks slightly visible when viewed from above 15 Poor: tracks
clearly visible when viewed from above Very poor: delamination of the
film [0066] (8) Storage stability The surface-treatment agents
described in Table 8 were 20 stored in a constant temperature chamber
at 40C for 30 days. The surface-treatment agents were taken out and
the appearance thereof was visually inspected and evaluated. The
evaluation criteria below were used. Furthermore, coated steel sheets
having surface-treatment films produced 25 with the surface-treatment
agents stored under such  Our Ref. 2009S02034 - 46 - conditions were
subjected to the tests (1) to (3) described above. Excellent: no
change Good: very small amount of precipitation 5 Fair: small amount
of precipitation or an increase in viscosity to some extent Poor:
large amount of precipitation or gelation [0067] (9) Lubricity 10A
disc-shaped specimen having a diameter of 100 mm was cut from each
sample and formed into a cup under conditions: a punch diameter of 50
mm, a die diameter of 51.91 mm, and a blank holding force of 1 ton.
The appearance of the drawn surface of the formed product (outer side
surface of the 15 cup) was visually inspected and was evaluated in
terms of how scratched it was and how blackened it was. The following
evaluation criteria were used. Excellent: almost no change over the
entire surface, uniform appearance 20 Very Good: very slightly
blackened, but uniform appearance Good: slightly scratched and
blackened and clearly nonuniform appearance Fair: locally scratched
and blackened and clearly nonuniform appearance 25 Poor: severely
scratched and blackened mainly in corner  Our Ref.2009S02034 portions
Very poor: cracked and the forming was not achieved [0068]  Our
Ref.2009S02034 - 48 -   C 9  0 9 9 9 08    OL     c N o.9 4-  to
ti--, 0 a j:CLIe "E be< ..o u)c  CO 17.0 St I. 0 Z. I. 



17.0 90  3.,- St 90 Z group: general formula (H) ZA Zel 14449 propyl
141-140 hydroxyethyl IALRa pct-Re IALR0 hydrogen hydroxyethyl
hydroxyethyl hydroxyethyl uo2o.4pAti   Lel methyl hydrogen I hydrogen
I hydroxyethyl methyl methyl methyl hydrogen hydroxyethyl
hydroxyethyl hydroxyethyl hydrogen  LA Z ua2o.ipAy lAisat.0 propyl
hydroxyethyl hydrogen hydrogen hydrogen methyl hydroxyethyl
hydroxyethyl hydroxyethyl    L hydrogen I iALRa IAifl lAui.aAxo.,pAu
hydrogen hydrogen hydrogen NHfl0- hydroxyethyl hydroxyethyl IALI;
aAxo4pAy HoNeo- 6 z IN 3V CV 17V gV 9V LV 
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L*0 Z. I. 9.0 9.0 Z group : general formula (III) 3A Gel methyl I
ua2oipALI methyl hydrogen methyl methyl methyl u 024)&1 hydrogen
hydrogen hydrogen hydrogen    Vino pro pyl IALp.a hydroxyethyl p(Liza
1440 iALRe hydrogen hydroxyethyl hydro xyethyl hydroxyethyl ua2
cupALI    [Aglow 



hydrogen hydrogen hydroxyethyl methyl methyl methyl ue2o.ipALI
IALRoAxoJpALI hydroxyethyl hydroxyethyl hydrogen  LA 92:1 iALRQUI
hydrogen I methyl hydrogen methyl methyl methyl ua2o4pAL{ hydrogen
hydrogen ua2oJpAy ua2cupAy    uo2o4pAu IALRew propyl I hydro xyethyl
hydrogen ua8oJpALI hydrogen methyl hydroxyethyl hydroxyethyl 1
hydroxyethyl methyl    uaEwpAti IIALRa 14;9 hydroxyethyl uaRalpAH
hydrogen hydrogen "Hz10- hydroxyethyl hydro xy ethyl hydro xyethy I
HOzz 1-1z1"0-  6 Z  LV 171-V g rv I 9W LW 81V 6W OZV 1. ZV zzv I Czv
.17ZV  Our Ref.2009S02034 - 50 - [ 0 0 6 9 ] [Table 2] 



No. Urethane resin (B) tonicity Manufacturer B1 ADEKA BONTIGHTER
HUX-670 Cation ADEKA CORPORATION B2 SUPERFLEX 600 Cation DAI-ICHI
KOGYO SEIYAKU CO., LTD. B3 PERMARIN UC-20 Cation Sanyo Chemical
Industries, Ltd. B4 ADEKA BONTIGHTER UX-206 Nonion  ADEKA CORPORATION
B5 HYDRAN AP-10 Anion DIC Corporation      [ 0 7 0 ] [Table 3] No.
Silane coupling agent (C) 01 3-mercaptopropyltrimethoxysilane 02
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane C3
3-glycidoxypropyltrimethoxysilane 04
3-methacryloxypropyltrimethoxysilane 05 vinvItrimethoxysilane
[0071] [Table 4] No. Ti compound (D) D1 acetylacetonato titanium
(Ti:12.5%) 02 tetraacetylacetonato titanium (Ti:10.8%) D3 titanium
nitrate (Ti:16.2%)  D4 fluorotitanic acid (Ti :29.2%)    [0072]  Our
Ref.2009502034 - 51 - [Table 5] No. V compound (E) El vanadyl oxalate
(V:32.9%) E2 vanadyl acetylacetonate (V:19.2%) E3 vanadyl sulfate
(V:31.2%) E4 ammonium metavanadate (V:43.5%)  



[ 0 0 7 3 ] [Table 6] No. Wax (W) Melting point (t) Solid content of
dispersion(%) Particle size( g m) W1 polyethylene oxide wax 115 20
0.1 W2 microcrystalline wax 90 20 0.1 W3 paraffin wax 50 20 0.1
.>KThese waxes were made to be emulsified with an emulsifying agent
and used. [ 0 0 7 4] [Table 7] No. Coated steel sheet Coating weight
(g/m2) GI hot dip galvanized steel sheet 60 EG electrogalvanized
steel sheet 20 GA galvannealed steel sheet 60 CF hot dip
Zn-5mass%AI-0.5mass%Mg alloy-coated steel sheet 90 GL hot dip
Zn-5.5mass%Al alloy-coated steel sheet 100  XAlthough both surfaces
were coated, a coating weight relative to a single surface is
described in the table. [ 0 0 7 5 ]  - 52 -            It  Ztzr  .E7
IT M. NT CID 'CI' I  01 CI" I  



1 'IT I    Type   phosphoric acid  I phosphoric acid phosphoric acid
I phosphoric acid I phosphoric acid I phosphoric acid phosphoric acid
phosphoric acid phosphoric acid 1 .. I phosphoric acid Initric acid
[phosphoric acid I phosphoric acid phosphoric acid  Iphosphoric acid
1 phosphoric acid 1 phosphoric acid Iphosphoric acid phosphoric acid
1 phosphoric acid iphosphoric acid phosphoric acid    0en m xlco aE
10 a 1  10 10 ID 00 I0 I0 0 0  000    0!   ol  00    Type Table 6



Parts by mass of V I (3) 552U.1 Aq 4'0 10 4.0 1 10  10 10 10  4.0  10
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aidLuexa ann.endLuo0   aidwexa uon.uanui 3 sidwexa umwanut I. aidwexa
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10 tr GICIUMG UORUZAUI aidwexo anizendt.uo0   aidwexo ange.iedwo0 CL
aidwexa uon.uanui 3 L aidwexa uoiluanui Invention example 1 5    81
LL 91 91 171 El 31. 14 04 6 9  9  IT  64 06 "I 96 93  43 CZ  ZZ   -
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Remarks              Reference: Japanese Patent No. 3883831
Reference: Japanese Unexamined Patent Application Publication No.
2006-152436              1,4I9M 2uReoo zLU/2 01 0'1 01  01 01 01 01
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17  - 56 -  Remarks                  1 Invention examples according
to Claims 1 and 2      Invention examples according to Claims 1 and 2
1 Invention examples according to Claims 1 and 2    Invention
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Excellent Excellent  4U91193XH Excellent Very Good .qed JO 0 d Very
poor JOOd Excellent Very poor P000 Very Good JI 1-ualla0x3 Excellent
Excellent Excellent  luanaoxa 10 0 d 1-uollaol<9  Excellent
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Very poor poop P000 .10 0 d }U all a 0 X 9 lualiaoxa Excellent poop
Excellent P000 Very Good Excellent P000 
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poor I Very poor Very poor 10 0 d Very poor Very poor Very poor
i.uailapx3 P000 Walloox9 P000 Excellent P000 Very Good Very Good Very
poor JO 0 d .11 d   J(L)  110 I1J 00 ;Cid  lualleox3 Excellent I
lloopox3 lualiaox9 I;uallaex9 lualiaox3 lwaHaox9 Excellent Iwonecx9
4uailaox] P000 Excellent Excellent Excellent 4"1100x3 4Liollaox3
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.100d .100d JO 0 d 'seed  Storage stability  2uisoaflap Ael4V Very
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6L 09 ii  Our Ref.2009S02034 - 61 - [0076]       As described in
Table 8, all the test sheets produced with surface-treatment agents
according to the present invention are excellent in terms of
corrosion resistance 5 (flat portion, processed portion, and after
alkaline degreasing), thermal discoloration resistance, paintability
(without degreasing and after degreasing), and solvent resistance.
The surface-treatment agents according to the present invention after
storage maintains excellent quality 10 similar to that before
storage. [0077)       In contrast, in Comparative example 1 (No. 4)
that does not satisfy the requirements of the present invention,
since the content of the cationic urethane (B) was less than the 15
lower limit of the range according to the present invention,
sufficient corrosion resistance in a bent portion was not provided at
all and corrosion resistance was degraded after storage. In
Comparative example 2 (No. 8), since the content of the cationic
urethane (B) was more than the upper 20 limit of the range according
to the present invention, the quality after alkaline degreasing was
poor and sufficient solvent resistance was not provided. In
Comparative example 3 (No. 9) and Comparative example 4 (No. 10),
since organic titanium chelate compounds (D) according to the present
25 invention were not added,  Our Ref.2009S02034 - 62 - sufficient
quality in terms of bent portions and after alkaline degreasing were
not achieved. [0078] In Comparative example 5 (No. 11), Comparative
example 5 7 (No. 13), and Comparative example 8 (No. 14) in which
tetravalent vanadyl compounds (E) were not added, sufficient
corrosion resistance in bent portions was also not achieved and the
quality after storage was degraded. In Comparative example 6 (No.
12), since a pentavalent vanadyl compound was 10 used, sufficient
corrosion resistance in a bent portion and sufficient corrosion
resistance after alkaline degreasing were not achieved, and
paintability after alkaline degreasing was degraded. In Comparative
example 9 (No. 15), although the tetravalent vanadyl compound (E) was
used, the 15 composition was not appropriate and hence a bent portion
and solvent resistance were not achieved and corrosion resistance
after storage was degraded. Note that Comparative example 7 (No. 13)
was tested with reference to Japanese Patent No. 3883831; and
Comparative example 9 (No. 20 15) was tested with reference to
Japanese Unexamined Patent Application Publication No. 2006-152436.
[0079] In Comparative example 10 (No. 21), since the content      of
the silane coupling agent (C) was less than the lower 25 limit of the
range according to the present invention,  Our Ref.2009502034 - 63 -
solvent resistance was poor; whereas, in Comparative example 11 (No.
24), since the content was more than the upper limit of the range
according to the present invention, sufficient corrosion resistance
in a bent portion was not provided and 5 the solution after storage
did not provide corrosion resistance. In Comparative example 12 (No.
25), since the content of the silane coupling agent (C) relative to
titanium of the organic titanium chelate compound (D) was more than
the upper limit of the range according to the 10 present invention,
corrosion resistance and paintability after alkaline degreasing were
poor; whereas, in Comparative example 13 (No. 28), since the content
was less than the lower limit of the range according to the present
invention, sufficient corrosion resistance in a bent portion was not
15 provided and the solution after storage did not provide sufficient
corrosion resistance. [0080]       In Comparative example 14 (No.



Our Ref.2009S02034 - 66 - range according to Claim 3 of the present
invention, sufficient corrosion resistance was not provided. In
Invention example 2A (No. 49), since the coating weight of the film
was more than the upper limit of the range 5 according to Claim 3 of
the present invention, paintability was poor. In Invention example 1B
(No. 50), since the drying temperature was less than the lower limit
of the range according to Claim 3 of the present invention,
sufficient corrosion resistance was not provided. In 10 Invention
example 2B (No. 53), since the drying temperature was more than the
upper limit of the range according to Claim 3 of the present
invention, corrosion resistance in a bent portion and paintability
were poor. 15[Industrial Applicability] [0084]      According to the
present invention, surface-treated coated steel sheets that are
excellent in terms of corrosion resistance (in particular, in bent
portions), heat 20 resistance, paintability, and solvent resistance
can be provided with a treatment agent without using a chromate
treatment. In addition, such a treatment agent that has excellent
quality even after storage in the state of a one-component agent also
provides advantages of cost reduction 25 and waste reduction.  Our
Ref.2009S02034 - 67 - CLAIMS [Claim 1] A surface-treatment agent
comprising: (A) a resin compound (hereafter, referred to as "resin 5
compound (A)") having a bisphenol skeleton represented by a general
formula (I) below; (B) a cationic urethane resin emulsion (hereafter,
referred to as "cationic urethane (B)") having at least one cationic
functional group selected from primary to tertiary amino groups and a
quaternary ammonium 10 salt group;  (C) at least one silane coupling
agent having at least one reactive functional group selected from an
active-hydrogen- containing amino group, an epoxy group, a mercapto
group, and a methacryloxy group; (D) an organic titanium chelate 15
compound; (E) a tetravalent vanadyl compound; and (F) water, wherein,
a mass ratio [(b)/{(a) + (b) + (c)1] of a solid content of the
cationic urethane (B) to a total of 20 solid contents of the resin
compound (A), the cationic urethane (B), and the silane coupling
agent (C) is 0.1 to 0.3,         a mass ratio [(c)/{(a) + (b) + (c)}]
of the solid content of the silane coupling agent (C) to the total of
the 25 solid contents of the resin compound (A), the cationic  Our
Ref.2009S02034 - 68 - urethane (B), and the silane coupling agent (C)
is 0.6 to 0.85, a mass ratio {(c)/Ti} of the solid content of the
silane coupling agent (C) to a content of the organic 5 titanium
chelate compound (D) in terms of titanium is 50 to 70, a mass ratio
(V/Ti) of a content of the tetravalent vanadyl compound (E) in terms
of vanadium to the content of      the organic titanium chelate
compound (D) in terms of 10 titanium is 0.3 to 0.5, the
surface-treatment agent has a pH of 4 to 5,       in the formulae,
(a) represents the solid content of the resin compound (A), (b)
represents the solid content of the cationic urethane (B), (c)
represents the solid content 15 of the silane coupling agent (C), Ti
represents the content of the organic titanium chelate compound (D)
in terms of titanium, and V represents the content of the tetravalent
vanadyl compound (E) in terms of vanadium, [Chemical formula 1]  Our
Ref.2009S02034  - 69 -  OH IY1 H3C-C- CHa fi) -CH2 Y2  where Y1 and
Y2 bonded to benzene rings each independently represent hydrogen or a
Z group represented by a general formula (II) or (III) below; an
average substitution number 5 of the Z group per benzene ring is 0.2
to 1.0; n represents an integer of 2 to 50, and [Chemical formula 2]



wherein a mass ratio [(w)/{(a) + (b)}] of a solid content of the wax
(W) to a total of the solid contents of the resin compound (A) and
the cationic urethane (B) is 0.2 to 0.4, and 15in the formula, w
represents the solid content of the wax (W), (a) represents the solid
content of the resin compound (A), and (b) represents the solid
content of the cationic urethane (B). [Claim 3] 20A method for
producing a coated steel sheet, comprising applying the
surface-treatment agent according to Claim 1 or 2 to a coated steel
sheet, and drying the surface-treatment  Our Ref.2009S02034 - 71 -
agent at a sheet temperature of 50C to 180C to form a
surface-treatment film having a coating weight of 0.2 to 1.8 g/m2 on
a surface of the steel sheet. [Claim 4] 5A coated steel sheet
produced by the method for producing a coated steel sheet according
to Claim 3. 


