
Our Ref.2009S02035 DESCRIPTION [Title of Invention] GALVANIZED STEEL
SHEET [Technical Field] 5[0001]      The present invention relates to
an environmentally friendly galvanized steel sheet that is used for
automobiles, household electrical appliances, building materials, and
the like and that is surface-treated such that a surface- 10
treatment film formed on a surface of the galvanized steel sheet is
completely free from regulated substances causing pollution such as
hexavalent chromium; in particular, to a galvanized steel sheet that
is suitable for applications relating to electric and electronic
devices and the like in 15 which electromagnetic interference (EMI)
needs to be suppressed, that has excellent electromagnetic shielding
characteristics, and that also has excellent corrosion resistance.
[Background Art] 20[0002]      With recent trends toward digitization
of household electrical appliances, an increase in the speed of CPUs,
and the like, issues relating to hazard of electromagnetic radiation
to devices and human bodies around such appliances 25 and CPUs have
been attracting attention. To address the  Our Ref.2009S02035 - 2 -
issues, "The Voluntary Control Council for Interference by
Information Technology Equipment (VCCI)" was established in Japan. To
comply with the rules of VCCI, there has been an increasingly strong
trend in the industry toward voluntary 5 control in terms of the
issues relating to hazard of electromagnetic radiation. To address
electromagnetic noise from electronic boards and the like within
electric and electronic devices, for example, there is a technique of
surrounding the electronic boards and the like with shield 10 boxes
composed of metal (electrically conductive) materials to achieve
electromagnetic shielding. [0003] In such a shield box, the
electrically conductive material forming the shield box reflects
electromagnetic 15 waves to thereby achieve electromagnetic
shielding. The higher the electrical conductivity of a material
forming a shield box, the higher the electromagnetic wave
reflectivity becomes and the better the electromagnetic shielding
property becomes. Accordingly, to ensure the 20 electromagnetic
shielding property of a shield box, it is important that metal plates
forming the shield box have high electrical conductivity. [0004]
Such a shield box is produced by forming metal plates 25 into the
shape and hence has discontinuous portions (joints  Our
Ref.2009S02035 - 3 - and joining portions). Leakage or entry of
electromagnetic waves tends to occur through such discontinuous
portions. Accordingly, to suppress leakage and entry of
electromagnetic waves, electrically conductive gaskets are 5
generally inserted in the discontinuous portions of shield boxes.
[0005]      To enhance the shielding property of a shield box, the
shield box needs to have a structure in which desired 10 current can
be passed through the entirety of the shield box. However, such
portions where metal members and gaskets are in contact with each
other generally have a low contact pressure and hence have poor
electrical continuity (hereafter, simply referred to as "continuity")
between the 15 metal members and gaskets. Thus, the amount of current
passing through the contact portions tends to become small.
Accordingly, to further enhance the performance of a shield box, it
is important to ensure electrical conductivity of metal plates
forming the shield box and to ensure continuity 20 between the metal
plates and gaskets. [0006] Since electric and electronic devices are
used in various environments, materials forming shield boxes are



20 (6) a technique of forming a composite film composed of a specific
inhibitor component and a silica/zirconium compound (for example,
Patent Literature 17). [0010]           The films formed by these
techniques are intended to 25 suppress generation of white rust of
zinc by composite  Our Ref.2009S02035 - 7 - addition of organic
components or inorganic components. For example, in the techniques
(1) and (2), corrosion resistance is ensured by mainly adding organic
resins. However, in a film containing such organic resins, the
organic resins have 5 an insulating property. Accordingly, a steel
sheet having such a film does not have sufficient electrical
conductivity and hence is not suitable as the material of a shield
box. [0011] The techniques (3) and (4) provide films that are 10
completely free from organic components and are composed of inorganic
components only. However, such a composite film composed of a metal
oxide and a metal hydroxide needs to have a large thickness to impart
sufficient corrosion resistance to a galvanized steel sheet. In
addition, a 15 surface of a galvanized steel sheet is covered with a
nonconductive film (insulating film) composed of zinc phosphate or
the like. Accordingly, as in the techniques (1) and (2), high
electrical conductivity is less likely to be achieved and it is
difficult to achieve both corrosion resistance and 20 electrical
conductivity. [0012]       In the technique (5), since the electrical
conductivity of a surface of a surface-treated steel sheet depends on
the thickness of an insulating film formed on the surface, the 25
insulating film is formed so as to have a small thickness to  Our
Ref.2009302035 - 8 - thereby achieve good electrical conductivity.
However, a decrease in the film thickness results in degradation of
corrosion resistance of the steel sheet. Accordingly, it is difficult
to provide a surface-treated steel sheet that is 5 excellent in terms
of both corrosion resistance and electrical conductivity. [0013] The
technique (6) provides excellent corrosion resistance by using the
passivation effect of a vanadate 10 compound serving as an inhibitor
component and a sparingly Soluble metal salt from a phosphate
compound serving as an inhibitor component, and by forming a
composite film containing a zirconium compound, silica fine
particles, and a silane coupling agent that form the skeleton of the
film. 15 However, to ensure electrical conductivity, the film
thickness needs to be small. Accordingly, it is difficult to achieve
both corrosion resistance and electrical conductivity. [0014] 20As
described above, to make the chromium-free treated steel sheet having
been developed so far have corrosion resistance equivalent to that of
existing chromate films, films having a high insulating property need
to be formed so as to have a large thickness. Accordingly, it is
difficult 25 for such chromium-free treated steel sheets to have  Our
Ref.2009S02035 - 9 - sufficiently high electrical conductivity. Thus,
these  steel sheets do not sufficiently satisfy characteristics
required for steel sheets forming shield box bodies. In addition, as
described above, to enhance the shielding 5 property of a shield box,
sufficiently high continuity needs to be achieved between metal
members (steel sheets) and gaskets that are in contact with each
other at a low contact pressure. However, such continuity is not
considered at all in any of the above-described techniques.
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Our Ref.2009S02035 regulated substances causing pollution such as
hexavalent chromium, having various properties such as corrosion
resistance and adhesion, and allowing for excellent continuity
without degrading corrosion resistance even under 5 a severe
condition in which the steel sheet is in contact with a gasket or the
like at a low contact pressure. [Solution to Problem] [0017] The
inventors of the present invention have performed 10 thorough studies
on how to overcome the problems. As a result, the inventors have
found that the problems can be overcome by using an alkaline
surface-treatment agent containing a water-soluble zirconium
compound, a tetraalkoxysilane, an epoxy-group-containing compound, a
15 chelating agent, a vanadate compound, a metal compound, and the
like. Thus, the present invention has been accomplished. [0018]
Specifically, the present invention provides the following (1) to
(5). 20(1) A galvanized steel sheet including a surface-treatment
film having a coating weight of 50 to 1200 mg/m2 relative to a
surface of the galvanized steel sheet, wherein the surface-treatment
film is obtained by applying a surface-treatment agent to the surface
of the galvanized steel sheet 25 and drying the surface-treatment
agent by heating; and the  Our Ref.2009S02035 - 12 -
surface-treatment agent is prepared so as to contain a water-soluble
zirconium compound (A), a tetraalkoxysilane (B), an
epoxy-group-containing compound (C), a chelating agent (D), a
vanadate compound (E), and a metal compound (F) 5 containing one or
more metals selected from the group consisting of Ti, Al, and Zn, to
have a pH of 8 to 10, and to satisfy conditions (I) to (V) below,
Note          (I) a ratio (A/B) of a mass of the water-soluble 10
zirconium compound (A) in terms of Zr to a mass of the
tetraalkoxysilane (B) is 1.0 to 6.0;       (II) a ratio (B/C) of the
mass of the tetraalkoxysilane (B) to a mass of the
epoxy-group-containing compound (C) is 0.1 to 1.6; 15(III) a ratio
(B/D) of the mass of the tetraalkoxysilane (B) to a mass of the
chelating agent (D) is 0.3 to 2.0;          (IV) a ratio (E/D) of a
mass of the vanadate compound (E) in terms of V to the mass of the
chelating agent (D) is 200.03 to 1.0; and       (V) a ratio (F/D) of
a total metal mass of the metal compound (F) to the mass of the
chelating agent (D) is 0.05 to 0.8.          Note that, in the
formulae representing the mass ratios, 25 A represents the mass of
the water-soluble zirconium  Our Ref.2009502035 - 13 - compound (A)
in terms of Zr; B represents the mass of the tetraalkoxysilane (B); C
represents the mass of the epoxygroup-containing compound (C); D
represents the mass of the chelating agent (D); E represents the mass
of the vanadate 5 compound (E) in terms of V; and F represents the
total metal mass of the metal compound (F). These definitions will
also be used below. [0019]    (2) The galvanized steel sheet
according to (1), wherein the 10 coating weight relative to the
surface is 50 to 500 mg/m2. [0020]  (3) The galvanized steel sheet
according to (1) or (2), wherein the surface-treatment agent further
contains a lubricant (G) and a content of the lubricant (G) is 1 to
10 15 mass% relative to a total solid content of the
surface-treatment agent. [0021]  (4) The galvanized steel sheet
according to any one of (1) to (3), wherein the surface-treatment
agent further contains 20 a nonionic acrylic resin emulsion (H) and a
content of the nonionic acrylic resin emulsion (H) is 0.5 to 45.0
mass% relative to a total solid content of the surface-treatment



A water-soluble zirconium compound (A) used in the present invention
is not particularly limited and examples thereof include zirconium
nitrate, zirconium oxynitrate, 10 zirconyl acetate, zirconyl sulfate,
zirconium carbonate, ammonium zirconyl carbonate, potassium zirconyl
carbonate, sodium zirconyl carbonate, and zircon hydrofluoric acid.
One or more of these examples may be used. In particular, ammonium
zirconyl carbonate and sodium zirconyl carbonate 15 are preferred
because a galvanized steel sheet more excellent in terms of corrosion
resistance and continuity is provided. [0029] A surface-treatment
agent used in the present invention 20 contains a tetraalkoxysilane
(B). When a film is formed on a surface of a galvanized steel sheet
with a surface-treatment agent containing the water-soluble zirconium
and a tetraalkoxysilane, a galvanized steel sheet is provided that is
excellent in terms of various properties such as 25 corrosion
resistance of the steel sheet, adhesion of the  Our Ref.2009S02035 -
17 - formed film, and corrosion resistance of the steel sheet after
alkaline degreasing, and is excellent in terms of heat resistance and
weldability, which are characteristics of inorganic films. The reason
why such excellent 5 characteristics are provided is not clear. But,
the characteristics are probably provided because, when the
tetraalkoxysilane (B) and the above-described water-soluble zirconium
(A) are used in combination, the water-soluble zirconium (A) and the
tetraalkoxysilane (B) form a film 10 having three-dimensional
crosslinking. [0030]      A tetraalkoxysilane (B) used in the present
invention is not particularly limited as long as it has four alkoxy
groups in a single molecule. Examples of the 15 tetraalkoxysilane (B)
include tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane,
and tetrabutoxysilane. One or more of these examples may be used.
Such an alkoxy group is not particularly limited and may be, for
example, an alkoxy group having 1 to 4 carbon atoms, preferably 1 to
20 3 carbon atoms, more preferably 1 to 2 carbon atoms. Specifically,
in view of providing a galvanized steel sheet having more excellent
corrosion resistance, tetraethoxysilane and tetramethoxysilane are
preferable. [0031] 25A surface-treatment agent according to the
present  Our Ref.2009S02035 - 18 - invention contains the
water-soluble zirconium (A) and the tetraalkoxysilane (B) such that a
ratio (A/B) of the mass of the water-soluble zirconium (A) in terms
of Zr to the mass of the tetraalkoxysilane (B) is 1.0 to 6.0,
preferably 1.6 5 to 3.1. When the mass ratio is less than 1.0, a
galvanized steel sheet having excellent corrosion resistance is not
provided. When the mass ratio is more than 6.0, the galvanized steel
sheet exhibits poor continuity. [0032] 10A surface-treatment agent
used in the present invention contains an epoxy-group-containing
compound (C). When a film is formed on a surface of a galvanized
steel sheet with a surface-treatment agent containing the
water-soluble zirconium, the tetraalkoxysilane, and the epoxy-group-
15 containing compound (C), a galvanized steel sheet is provided that
is excellent in terms of various properties such as corrosion
resistance of the steel sheet and corrosion resistance of the steel
sheet after alkaline degreasing; and the film formed on the surface
of the 20 galvanized steel sheet is excellent in terms of adhesion,
resistance to scratching, and lubricity. [0033]        An
epoxy-group-containing compound (C) used in the present invention is
not particularly limited and examples 25 thereof include an
epoxy-group-containing silane coupling  Our Ref.2009S02035 - 19 -



Our Ref.2009S02035 - 22 - in water and it exhibits the so-called
inhibitor effect at the time of corrosion of zinc. Examples of the
vanadate compound (E) used in the present invention include ammonium
metavanadate and sodium metavanadate. One or more of these 5 examples
may be used. [0039] The vanadate compound (E) used in the present
invention is contained such that a ratio (E/D) of the total mass of
the vanadate compound (E) in terms of V to the total mass of 10 the
chelating agent (D) is 0.03 to 1.0, more preferably 0.05 to 0.71.
When the mass ratio is less than 0.03, a galvanized steel sheet
having excellent corrosion resistance is not obtained. When the mass
ratio is more than 1.0, it becomes difficult for the vanadate
compound to dissolve in 15 the surface-treatment agent. [0040]      A
surface-treatment agent used in the present invention contains a
metal compound (F) containing at least one metal selected from the
group consisting of Ti, Al, and Zn. When 20 such a metal component is
contained, a galvanized steel sheet having excellent corrosion
resistance (in particular, in processed portions) can be provided.
[0041]            A metal compound (F) used in the present invention
is 25 not particularly limited as long as it is a metal compound  Our
Ref.2009S02035 - 23 - containing at least one metal selected from the
group consisting of Ti, Al, and Zn. [0042] Examples of a
Ti-containing metal compound include 5 titanyl sulfate, titanyl
nitrate, titanium nitrate, titanyl chloride, titanium chloride,
titania sol, titanium oxide, potassium oxalate titanate,
fluorotitanic acid, ammonium fluorotitanate, titanium lactate,
titanium tetraisopropoxide, titanium acetylacetonate, and diisopropyl
titanium 10 bisacetylacetone. The examples further include
metatitanic acid obtained by thermal hydrolysis of an aqueous
solution of titanyl sulfate, orthotitanic acid obtained by
neutralization of an aqueous solution of titanyl sulfate with an
alkali, and salts of the foregoing. 15[0043]       Examples of an
Al-containing metal compound include aluminum oxide, aluminum
hydroxide, aluminum sulfate, aluminum nitrate, aluminum phosphate,
and aluminum chloride. [0044] 20Examples of a Zn-containing metal
compound include zinc carbonate, zinc oxide, zinc hydroxide, zinc
sulfate, zinc nitrate, zinc chloride, and zinc phosphate; and, since
zinc is an amphoteric metal, the examples further include sodium
zincate and potassium zincate, which are generated with an 25 alkali.
One or more of these examples may be used in  Our Ref.2009S02035 - 24
- combination. [0045]      The metal compound (F) used in the present
invention is contained such that a ratio (F/D) of the total metal
mass of 5 the metal compound (F) to the total mass of the chelating
agent (D) is 0.05 to 0.8, preferably 0.17 to 0.34. When the mass
ratio is less than 0.05, a galvanized steel sheet having excellent
corrosion resistance is not provided. When the mass ratio is more
than 0.8, it becomes difficult for 10 the metal compound (F) to
dissolve in the surface-treatment agent. [0046] A surface-treatment
agent used in the present invention has a pH of 8 to 10, preferably a
pH of 8.2 to 9.5. When 15 the treatment solution has a pH of less
than 8, storage stability of the surface-treatment agent, corrosion
resistance of the galvanized steel sheet, and adhesion of a film
formed on a surface of the steel sheet are degraded. When the
treatment solution has a pH of more than 10 or is 20 acidic, zinc is
considerably etched and corrosion resistance and continuity of the
galvanized steel sheet are degraded. In the present invention, an



[0052]      A surface-treatment agent used in the present invention
is provided by mixing the above-described components in water such as
deionized water or distilled water. The solid 5 content of the
surface-treatment agent may be appropriately determined. A
surface-treatment agent used in the present invention may optionally
contain a water-soluble solvent containing an alcohol, a ketone,
cellosolve, or the like; a surfactant; a defoaming agent; a leveling
agent; an 10 antimicrobial-antifungal agent; a colorant; or the like.
Addition of such agents enhances the drying property, coating
appearance, processability, storage stability, and design property of
the surface-treatment agent. However, it is important that the agents
are added as long as qualities 15 provided by the present invention
are not degraded. The maximum amount of the agents added is less than
5 mass% relative to the total solid content of the surface-treatment
agent. [0053] 20A method for coating a galvanized steel sheet with a
surface-treatment agent according to the present invention is
optimally selected in accordance with, for example, the shape of the
galvanized steel sheet to be treated and may be roll coating, bar
coating, dipping, spray coating, or the 25 like. Specifically, for
example, a galvanized steel sheet  Our Ref.2009S02035 - 28 - having
the shape of a sheet is coated by roll coating, bar coating, or
spraying a surface-treatment agent and adjusting the adhesion amount
by roll squeezing or blowing of gas at a high pressure; or a
galvanized steel sheet having the shape 5 of a formed product may be
coated by dipping the galvanized steel sheet in a surface-treatment
agent, withdrawing the galvanized steel sheet, and optionally
adjusting the adhesion amount by blowing off excessive
surface-treatment agent with compressed air. 16[0054] Before a
galvanized steel sheet is coated with a surface-treatment agent, the
galvanized steel sheet may be optionally subjected to a pretreatment
performed for the purpose of removing oil or stains on a surface of
the 15 galvanized steel sheet. Galvanized steel sheets are often
coated with rust-inhibiting oil for preventing rust. When galvanized
steel sheets are not coated with rust-inhibiting oil, oil, stains, or
the like adhere to the steel sheets during processes. By subjecting a
galvanized steel sheet to 20 the pretreatment, the surface of the
galvanized steel sheet is cleaned and the surface of the metal
material becomes uniformly wettable. When oil and stains are not
present and uniform wetting with a surface-treatment agent can be
achieved, the pretreatment step may be eliminated. 25The method for
performing the pretreatment is not  Our Ref.2009302035 - 29 -
particularly limited and may be, for example, cleaning with hot
water, cleaning with a solvent, or alkaline-degrease cleaning. [0055]
5The heating temperature (maximum sheet temperature) at the time of
drying a film formed on a surface of a galvanized steel sheet
according to the present invention is generally 60C to 200C,
preferably 80C to 180C. When the heating temperature is 60C or more,
water serving as the 10 main solvent does not remain and, for
example, the corrosion resistance of a galvanized steel sheet is not
degraded. When the heating temperature is 200C or less, degradation
of corrosion resistance of a galvanized steel sheet due to cracking
of a film is not caused. The method for performing 15 drying by
heating is not particularly limited. For example, a surface-treatment
agent may be dried by heating with hot air, an induction heater,
infrared rays, near-infrared rays, or the like. As for the time for



- 33 - [EXAMPLES] [0061] Hereinafter, advantages according to the
present invention will be described with reference to Examples and 5
Comparative examples. However, the Examples are mere examples for
illustrating the present invention and do not limit the present
invention. [0062] 1. Method for preparing test sheets 10(1) test
sheets (materials)      The following commercially available
materials were used as test sheets. (i) electrogalvanized steel sheet
(EG): sheet thickness of 0.8 mm and coating weight of 20/20 (g/m2)
15(ii) hot dip galvanized steel sheet (GI): sheet thickness of 0.8 mm
and coating weight of 60/60 (g/m2)  (iii) hot dip galvannealed steel
sheet (GA): sheet thickness of 0.8 mm and coating weight of 40/40
(g/m2) Note that the coating weight represents a coating 20 weight
relative to a main surface of each steel sheet. For example, the
electrogalvanized steel sheet has a coating weight of 20/20 (g/m2)
and has a coated layer having a coating weight of 20 g/m2 on each
surface of the steel sheet. [0063] 25(2) Pretreatment (cleaning)  Our
Ref.2009502035 - 34 -      Test samples were prepared in the
following manner. A surface of each test material was treated with
PALKLIN N364S manufactured by Nihon Parkerizing Co., LTD. to remove
oil and stains on the surface. The surface of the metal 5 material
was then cleaned with tap water and it was demonstrated that the 100%
area of the surface was wet with water. Pure water (deionized water)
was further splashed onto the metal material. The metal material was
dried in an oven having an atmosphere at 100C and then used as a test
10 sample. [0064]  (3) Preparation of treatment solutions according
to the present invention Surface-treatment agents were obtained by
mixing the 15 components in deionized water so as to achieve the
compositions (mass ratios) in Table 1. Note that the mixing amounts
of the components (G) and (H) in Table 1 are the amounts (g) of the
components (G) and (H) added to 1 kg of a surface-treatment agent.
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ZO+ LO  (3*) 30 LO  (3*) 30+ LO  (Z*) 30+ 1. 0  (3*) ZO+ LO  (3*) ZO+
LO  (3*) 30+ LO      381 39 38 38 313  38 Ze ZS    



3V V 3V 3V ZV 3V ZV 3V   CO -sr -sr -sr In sr co sr r- -st  a, -sr
Example eickuex aidlUEX3 Example Example 1 1 Example Example Example
- 40 -  2 a  VS VS 17.8 1713 1/8 VS   u  Surface-treatment agents for
galvanized surfaces  (H) %SSEN 000 000 000 000 0 0 ' 0 000 000
1707 I%SSelog 000 000 00.0 000 000 000 0 0 ' 0 00'0  uonis odwoo TI/)
1 011.E.1 SSUN Lot FO I'1-.0 vvo t 9 0 0 .L VO  



1(a/) 01.1.2.1 SSEN  0 C 0 0 8l'0 990 C -PC C     ORE.1 SSEN  8 VI- 8
1.' 8 V I- 81.' 33' 331. 33'   1-(1)  CO 6 0 6 03.0 0 C4 6 0 C*4 6 CO
'I- 6 CO  zr 6 CO -4' 6    011B-1 SSEN Li' t6.3 46.3 VEZ 467 Lif L17
I. Lif   Component Mixing amount o o o c:, o o cp cp    adAi I I I 



I 1 I 1 I   Component (G) Mixing amount cp cp co c/ 0 0 0 0    adAi I
I I I I I I I   (d) luouodwoo adAi (g*) 3d+ Id  (9*) 34+ ld  (9*) 3d+
ld  (9,0 (g*) Z.4+ (9*) 8.4+ 1.4  (9*) Ed+ Id  (9*) Ed+   Component f
(E) adAi I3 33 39 32 33 33 32 32   (0) wouodwoo pdAd. 1.0 30 ZO 30 30
1.0 10 0   Component[ (C) adAi (Z*) 30+ 10  1.0 10  



1.0 1.0 10 1.0   Componenti (0) adAi 39 39 38 ZO Z9 ze 39 39   (V)
wouodwoo odic' Z V 3V ZV Z V Z V Z V Z V 3V C ...-0 IP C 0 0 4-, to
I) I- 0 L0 to C4 LO 0, LO  ;1- LO 1.0 10 CO to r-- to  Example
Example 01C1W Example Example Example Example aldwex8    - 42 -  r a
18   19     Surface-treatment agents for galvanized surfaces  (H)
%SS1211 000 00'0 000 98 9'817 



000 000 000   (0) %SSep4 000 00'0 000 000 000 ..-    Composition
(aid) sseN L0.0 Lot L0.0 L0.0 LOU L0.0 L0.0 I- 0 6    Rea ssevi 17.0
Vet .  48'0 17C*0  178.0 .4-. co a   Wig) 011.2.1 SSEN 33'1. 33' I.
N.1 33' L 33.1- 33'l 33'l Orl C1 r   (0/e) 0112.1 SSBIAJ Co  ct 6 CO
'ct 6 CO '1' 6 CO '1' a eo CO ,c7- 6 CO 0 CO 



-1" 6   I(siv) I ORE) SSBN LV L L17.1. LVL L1L L1L L1L L1L 1-- ..-.
(H) luouodwoo Mixing amount co a a a co co a co a a a     I I I ..--.
r ,-. r I I I   Component I (G) Mixing amount 0 0 0 0 0 LC3 oi 0 6 C3
cri et/    adAi. I I I I I r 0 r 0 t- 0   (d) 



luouockuo0 odA Id Id Id   (g*) Zd+ Id  (94) Z.d+ (9*) 3A+ Id
Component I (E) adA ZD 13 3; 33 39 38 32 CJ L1.1   (0) Itnuoctwoo
adAi (DO 30+ LO  (8*) a+ La  (2*) 30+ 10  (8*) 30+ 1.a (2*) 30+ I a
(8*) 30+ L  (8*) 30+ to  C1 2 0  * +........   I(0) umuodwoo adAi LO
LO LO LO LO LO LO ..- 0   Component I (B) a dA j_ 39 18 39 39 ZB 1 39
Z9 0.1 CO   Component! (A) 



adAi 3V 3V 3V 3V ZV 3V : 3V CV < L di-AU I  Test condition co co r-
CO co CO co CD o I-- r r- ol r- CO N-  Example Example Example
Example aldwexp Example Example aidwax9  - 43 -      18 18  19
000 000 et 183 vez vez 183      0 1 31           L0.0 L0'0 L0.0 Lot
LO*0 LOU 



L0'0      178.0 .1780 1780 118.0 vet 178.0 178'0      33.1 33.1 331
-7 331. 331 33' 331      6  810 C, 6 Cr> 6 ce) 6 C" 6      L11 Lt.
L11 Lt. 1 Lt.1 L       o 0 cp LO o o o o o o o o r-      1 1 r r .c-
r 



r r    Component (C)  LO IC CO 0 6 LO 0 6 CV 1.0 osi 04 1.0 oi CV 10
oi CV 1.0 oi. C'I LO 6 CO     "-. 0  ,- 0 ,- 0 ,--. 0 ,- 0 ..- 0 ,--
0     (9,1) 3A+ Id  (g*) Zd+ Id  (g*) Zd+ Id  (9*) Zd+ Id  (84) 3.d+
N  (g*) 3-Id  (2,0 H  (94) 3d+     33 33 33 33 33 39 33 39   



(8*) 3G+ kG  (S*) 30+ 10  (E*) 30+ 10  (8*) 30+ 10  (8*) 30+ 1 CI
(Do za+ 10  (E*) 30+ (C*) 30+ 10      10 10 10 10 10 10 10 10     39
ZS 38 38 313 39 38 38     ZV 3V 3V 3V 3V 3V 3V 3V  r- LO r- CO r- r-
r-- co r- co r-- a co r co  Example Example Example Example Example
Example Example Example  - 44 -  2 a. if 8 17.8 118 



17'8 '1/8 EVET YB YB  ,./J  Surface-treatment agents for galvanized
surfaces  F) 1%SSBIA,1 000 000 000 000 000 000 000 00.0 000   1(0)
%SSalAi 000 000 000 00.0 000 000 000 00.0   Composition  riJ7 ORB)
SSEN LOt LOU LOU LOU  91;0   3000   rg,7:;T SSBIAI ten tEt flU  900
ZL'O [0'0 8 l't    (a/e) sszoi 33' t 33' t 91.'0 609 00.3 1.97  8
OREJ SSVIA1 co -a- 6 84'0 to o 



6 cq ,- c'i Ett WO I "cl- o ci 030 Co "1' 6     Re.' ssev1 480 LG'L
63.0 Lt. Lit V67 1767 LY1.   Component (   H 1 limo= SLINK o o o o 0
o o o 0     I I 1 I 1 1 I I I   Component 1 (G) 7;',27,7 o o o 0 0 0
0 o o    adAi I I I I I I I I I   (id) 



tuetiodumo adAi   3d Zd Ed Sd (9*) Zd+ (9*) Zd+ H  (9*) Ed+   (2)
wsuodwoo adAi 79 1.3  1.3 33 39 33 39 33   Component (0) dA_L (DO Z0+
(C*) 30+ (DO 30+ 1.0  (DO ZO+ 1.0  1.0 1.0 Z 30    Component( (C) a
dick 30 30 30 ZO 1.0 1.0 1.0  1.0   Component 1 (B) adAi 1.8 Le1  1.6
39 39 ze Z 39   Component (A) adAi 3V 3V IN IN 3V 



3`91 3'd 3V 3V L I We I Wit Test condition 04 OD OD CO 'CI' OD LCD OD
99 L8 CO CO a) CO 0 0)  Comparative example Comparative example
Comparative example Comparative example Comparative example
Comparative example  Comparative example , Comparative example
Comparative example  - 45 -   I a .171 g'17 0' L 8 17.8 ti 8 17' 9 t,
is Surface-treatment agents for galvanized surfaces   Mass% 000 0 0 '
0 000 000 0 0' 0 C Z 17.CZ o o 6  Composition  (0) Mass% DUO 000 000
0 0 ' 0 00.0  g 0 0' 0   



i(a/A) sseN LO 'L LO*0 L0.0 L0.0 L0.0 Lot Lift 0    ORBJ SSBW i0 ys
int ti $08.0 17C '0 C '0 99.0   ( a / 9 ) ORB) SSBW ZZ'L 731. 331. Z
ZZ'l 331. LC'Z    0119J SSBW CY) 6 CO 0 CO "4' 6 CVO CO '<I- 6 cc)
'44- 6 CO 0' 6 CO -41- 6   (WV) ORB) SSEW  Lit Lte1. L.17' L Lif L
MIL  0 0 ' 0   (H) tumedwoo MGM/ I amount o o ca o 



o o o ..- o o ..- o     I I I I I ..- r N- r I   Component (G) Mixing
amount o o o o ca tn. cq 01 Lc? Q., 0.1 o    adAi 1 1 I I i r 0 r 0 i
Component (B) adki. (9*) Cd+ Id  d  (9*) Zd+ Id  (9*)I Zd+ Id  (g*)I
Zd+ IdI ( g*)I Z d + Id  Id   Component I (E) adAl 38 LB 13 LS LS 



78 73 LB   (a) tueuodwoo adAi 10 (C*) Z0+ 10  (C*) za+ 10  1.0 10
(C*) Z0+ 1.0I (8*) za+ LO  (C*) 70+ 0   I(0) luouodwoo adAj. 10 70 30
( Z *) 30+ L  (3*) 70+ LO  10 10 0   Component (B) adAi Z S LS Le ZS
32 38 Z S   Component (A) odAi 3V IV IV Z V 3V 3V 3V 1 L man. Test
condition - cn c.] on co co -a- co in a) co ea a, a)  Comparative
example opium; 



onipandwoo Comparative example Comparative example Comparative
example Comparative example Comparative example Comparative example
- 46 - Surface-treatment agents for galvanized surfaces r a 17.13
1713 1713 1713   Composition  (H) %S BEN 00'0 000 000 000 r0-070-
(0) %S S BIN 00'0 Oct 000 000 000_,   (Old) oils) sseN L'O 171.'0 1
17V0    (a/E) on.e.1 sseN sr) 890 1 000 1890-   (018) Re) sseN 00'0
LC*3 LE7 LC7 LC*3   (018) O138.1 S S cp o 6 I to ..o- 6 C17.0 



CVO   (fAM), SSEAJ i L17'l L17.1. LI 1 CIL   (H) wouodwoo lunatue u
Pe gel o o o o 0    adAi I I I i i   (0) wouodwoo Mixing amount o o o
o 0    adAj. I I I I I   Component (F) adAi  Id I I Id    Component L
(E) adAi  L3 I La L3   Component (D) adAi (E*) ZO+ LO  (C*) 30+ La
(C*) Za+ La  (C*) 30+ LO  I   (0) 



eueuodtiloo adAi LO I 10 1.0 1.0   Gompon ant (B) adAi I Le LU LEI
LEI   Component (A) adAi Z V Zy ZV ZV Z`cf Test condition co a 0 0 r
0 cq 0 CO L  op:W.2ex* earyeadwoo Comparative example Comparative
example Comparative example Comparative example  Our Ref.2009S02035
47 - [0066]      Hereinafter, the compounds used in Table 1 will be
described. <Water-soluble zirconium compound (A)> 5 Al: sodium
zirconium carbonate A2: ammonium zirconium carbonate [0067]
<Tetraalkoxysilane (B)> El: tetraethoxysilane 10 32:
tetramethoxysilane [0068] <Epoxy-group-containing compound (C)> Cl:
y-glycidoxypropyltriethoxysilane C2: polyethylene glycol: diglycidyl
ether 15[0069] <Chelating agent (D)> Dl:
1-hydroxymethane-1,1-diphosphonic acid D2: tartaric acid [0070] 20
<Vanadate compound (E)> El: ammonium metavanadate E2: sodium
metavanadate [0071] <Metal compound (F)> 25 Fl: ammonium
fluorotitanate  Our Ref.2009S02035 - 48 - F2: aluminum nitrate
hexahydrate F3: zinc carbonate [0072] <Lubricant (G)> Gl:
polyethylene wax (CHEMIPEARL (registered trademark) W900 manufactured
by Mitsui Chemicals, Inc.) [0073] 



<Nonionic acrylic resin emulsion (H)>      Hl:
styrene-ethylmethacrylate-n-butylacrylate-acrylic acid 10 copolymer
[0074] (4) Treatment method       A single surface of each test
sample was coated with such a surface-treatment agent by bar coating.
After that, 15 the test sample was not washed with water and was
placed in an oven, and dried at a drying.temperature in Table 2 to
form a film having a coating weight (mg/m2) in Table 2. The drying
temperature was adjusted by changing the atmosphere temperature in
the oven and the time for which a 20 test sample was placed in the
oven. The drying temperature is the maximum temperature of a single
surface of a test sample. The bar coating was specifically performed
in the following manner. [0075] 25Bar coating: the surface-treatment
agents were dropped  Our Ref.2009302035 - 49 - onto the test samples
and applied over the test samples with #3-5 bar coaters. A coating
weight in Table 2 was achieved by changing the number of a bar coater
used and the concentration of a surface-treatment agent. 5[0076)  Our
Ref.2009S02035 - 50 - [Table 2 (No. 1 )] Test condition Test sheet
Treatment method   . Coating method Coating . weight Drying
temperature  Type Type mg/m2 t Example 1 (i) Bar coating 300 140
Example 2 (i) Bar coating 300 140 Example 3 (i) Bar coating 300 140
Example 4 (i) Bar coating 300 140 Example 5 (i) Bar coating 300 140
Example 6 (i) Bar coating 300 140 Example 7 (i) Bar coating 300 140
Example 8 



(i) Bar coating 300 140 Example 9 (i) Bar coating 300 140 Example 10
(i) Bar coating 300 140 Example 11 (i) Bar coating 300 140 Example 12
(i) Bar coating 300 140 Example 13 (i) Bar coating 300 140 Example 14
(ii ) Bar coating 300 140 Example 15 ( iii ) Bar coating 300 140
Example 16 (i) Bar coating 300 140 Example 17 (i) Bar coating 300 140
Example 18 (I) Bar coating 300 140 Example 19 (i) Bar coating 300 140
Example 20 (i) Bar coating 300 140 Example 21 (i) Bar coating 300 140
Example 



22 (i) Bar coating 300 140 Example 23 (i) Bar coating 300 140 Example
24 (i) Bar coating 300 140 Example 25 (i) Bar coating 300 140 Example
26 (i) Bar coating 300 140 Example 27 (i) Bar coating 300 140 Example
28 (i) Bar coating 300 140 Example 29 (i) Bar coating 300 140 Example
30 (i) Bar coating 300 140 Example 31 (i) Bar coating 300 140 Example
32 (i) Bar coating 300 140 Example 33 (i) Bar coating 300 140 Example
34 (i) Bar coating 300 140 Example 35 (i) Bar coating 300 140 



Example 36 (i) Bar coating 300 140 Example 37 (i) Bar coating 300 140
Example 38 (i) Bar coating 300 140 Example 39 (i) Bar coating 300 140
Example 40 (i) Bar coating 300 140 Example 41 (i) Bar coating 300 140
Example 42 (i) Bar coating 50 140 Example 43 (i) Bar coating 100 140
Example 44 (i) Bar coating 200 140 Example 45 (i) Bar coating 400 140
Our Ref.2009502035 - 51 - [Table 2 (No. 2)] Test condition Test sheet
Treatment method   Coating method Coating . weight Drying temperature
Type Type mg/m2 C Example 46 (i) 



Bar coating 450 140 Example 47 (i) Bar coating 500 140 Example 48 (i)
Bar coating 600 140 Example 49 (i) Bar coating 800 140 Example 50 (i)
Bar coating 1000 140 Example 51 (I) Bar coating 300 140 Example 52
(i) Bar coating 300 140 Example 53 (i) Bar coating 300 140 Example 54
(i) Bar coating 300 140 Example 55 (i) Bar coating 300 140 Example 56
(i) Bar coating 300 140 Example 57 (I) Bar coating 300 140 Example 58
(i) Bar coating 300 140 Example 59 (i) Bar coating 300 140 Example 60



(i) Bar coating 300 40 Example 61 (I) Bar coating 300 60 Example 62
(I) Bar coating 300 60 Example 63 (I) Bar coating 300 80 Example 64
(i) Bar coating 300 180 Example 65 (i) Bar coating 300 200 Example 66
(i) Bar coating 300 250 Example 67 (i) Bar coating 300 140 Example 68
(i) Bar coating 300 140 Example 69 (I) Bar coating 300 140 Example 70
(i) Bar coating 300 140 Example 71 (i) Bar coating 300 140 Example 72
(i) Bar coating 300 140 Example 73 (i) Bar coating 300 140 Example 



74 (i) Bar coating 300 140 Example 75 (i) Bar coating 300 140 Example
76 (i) Bar coating 300 140 Example 77 (i) Bar coating 300 140 Example
78 (i) Bar coating 600 140 Example 79 (i) Bar coating 900 140 Example
80 (I) Bar coating 1200 140 Example 81 (i) Bar coating 300 140
Comparative example 82 (i) Bar coating 300 140 Comparative example 83
(i) Bar coating 300 140 Comparative example 84 (i) Bar coating 300
140 Comparative example 85 (i) Bar coating 300 140 Comparative
example 86 (i) Bar coating 300 140 Comparative example 87 (i) Bar
coating 300 140 



Comparative example 88 (i) Bar coating 300 140 Comparative example 89
(i) Bar coating 300 140 Comparative example 90 (i) Bar coating 300
140  Our Ref.2009S02035 - 52 - TableNo 3 Test condition Test sheet
Treatment method   Coating method Coating weight Drying temperature
Type Type mg./m2 t Comparative example 91 (i) Bar coating 300 140
Comparative example 92 (i) Bar coating 300 140 Comparative example 93
(i) Bar coating 300 140 Comparative example 94 (i) Bar coating 10 140
Comparative example 95 (i) Bar coating 1500 140 Comparative example
96 (i) Bar coating 10 140 Comparative example 97 (i) Bar coating 1500
140 Comparative example 98 (i) Bar coating 



300 140 Comparative example 99 (i) Bar coating 300 140 Comparative
example 100 (i) Bar coating 300 140 Comparative example 101 (i) Bar
coating 300 140 Comparative example 102 (i) Bar coating 300 140
Comparative example 103 (i) Bar coating 300 140  [0077] (5)
Evaluation test methods (5-1) Evaluation of corrosion resistance
5Specimens having a size of 70 mm x 150 mm were cut from test sheets
and the back surfaces and end surfaces of the specimens were sealed
with vinyl tapes. These specimens were tested in a manner described
below. The evaluation was performed by visually determining area
percentage of rust. 10 Salt spray testing (SST: in compliance with
JIS-Z-2371- 2000): The evaluation was performed with the following
evaluation criteria on the basis of the area percentage of white rust
after a lapse of 120 hours from SST by visual inspection. 15
Evaluation criteria: Excellent: white-rust area percentage of less
than 5%  Our Ref.2009S02035 - 53 - Good: white-rust area percentage
of 5% or more and less than 20% Fair: white-rust area percentage of
20% or more and less than 40% 5 Poor: white-rust area percentage of
40% or more [0078] (5-2) Evaluation of overpaintability (adhesion)
Specimens having the same size as that of the above-described
specimens were painted with a commercially 10 available melamine
alkyd paint and baked at 140C for 30 minutes such that the resultant
painted film had a thickness of 30 pm. After that, the specimens were
immersed in boiling water for 2 hours and a surface of each specimen
was then cut in a pattern of 100 squares having 1 mm sides with 15 an
NT cutter to such a depth as to reach the base steel. The specimen
was subjected to cupping by 5 mm with an Erichsen tester such that
the cut portion was on the outer (front) side. A tape was removed
from the painted film and the remaining state of the painted film was
evaluated in a 20 manner below. The Erichsen cupping conditions were
compliance with JIS-Z-2247-2006 (Erichsen value symbol: IE) and the
punch diameter was 20 mm, the die diameter was 27 mm, and the drawing
width was 27 mm. Evaluation criteria: 25 Excellent: delamination area
of less than 5% and no  Our Ref .2009302035 - 54 - delamination
Good: delamination area of less than 10% and 5% or more Fair:
delamination area of less than 20% or more and 10% or more 5 Poor:
delamination area of 20% or more [0079] (5-3) Evaluation of
continuity       Each test sheet was evaluated by measuring surface
resistivity thereof with an ESP probe of a Loresta GP 10 manufactured
by Mitsubishi Chemical Analytech Co., Ltd. Surface resistivity was
measured every time when the load on the probe was increased by 50 g
and the evaluation was performed on the basis of the minimum load
under which 10-4 C2 or less was achieved. 15 Excellent: average load
of 10-point measurement was less than 250 g Very good: average load
of 10-point measurement was 250 g or more and less than 500 g
Good: average load of 10-point measurement was 500 g or more 20 and
less than 750 g Fair: average load of 10-point measurement was 750 g
or more and less than 950 g Poor: average load of 10-point
measurement was 950 g or more [0080] 25(5-4) Evaluation of storage
stability  Our Ref.2009S02035 - 55 -      The surface-treatment
agents having compositions described in Table 1 were stored in a
constant temperature chamber at 40C for 30 days. The appearance of
the surface-treatment agents was evaluated by visual inspection. 5
Excellent: no change Good: very small amount of precipitation Fair:
small amount of precipitation or an increase in viscosity to some
extent Poor: large amount of precipitation or gelation 10[0081] (5-5)



A disc-shaped specimen having a diameter of 100 mm was cut from each
surface-treated test sheet and formed into a cup under conditions: a
punch diameter of 50 mm, a die 15 diameter of 51.91 mm, and a blank
holding force of I ton. The appearance of the drawn surface of the
formed product (side surface of the 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. 20 Excellent:
almost no change over the entire surface, uniform appearance Good:
slightly scratched and blackened and clearly nonuniform appearance
Fair: severely scratched and blackened mainly in corner 25 portions
Our Ref.2009S02035 - 56 - Poor: cracked and the forming was not
achieved [0082] The results of the evaluations (5-1) to (5-4) in
terms of the galvanized steel sheets obtained with the surface- 5
treatment agents described in Examples 1 to 81 and Comparative
examples 82 to 103 are described in Table 3.       Note that, in
Comparative examples 89 and 101, the treatment solutions were
unstable and films were not formed. Thus, the evaluations were not
performed. 10[0083]  Our Ref.2009S02035 - 57 - Table 3 No 1 Test
condition Corrosion resistance Adhesion Continuity Storage stability
Lubricity Example 1 Good Excellent Excellent Excellent Good Example 2
Excellent Excellent Excellent Excellent Good Example 3 Excellent
Excellent Excellent Excellent Good Example 4 Excellent Excellent
Excellent Excellent Good Example 5 Excellent Excellent Excellent
Excellent Good Example 6 Excellent Excellent Excellent Excellent Good
Example 7 Excellent Excellent Excellent Excellent Good Example 8
Excellent Excellent 



Very good Excellent Good Example 9 Good Excellent Excellent Excellent
Good Example 10 Excellent Excellent Excellent Excellent Good Example
11 Excellent Excellent Excellent Excellent Good Example 12 Excellent
Excellent Excellent Excellent Good Example 13 Excellent Excellent
Excellent Excellent Good Example 14 Excellent Excellent Excellent
Excellent Good Example 15 Excellent Excellent Excellent Excellent
Good Example 16 Excellent Excellent Excellent Excellent Good Example
17 Excellent Excellent Excellent Excellent Good Example 18 Excellent
Excellent Excellent Excellent Good Example 19 Excellent Excellent
Excellent Excellent Good Example 20 Excellent 



Excellent Excellent Excellent Good Example 21 Excellent Excellent
Excellent Excellent Good Example 22 Good Good Excellent Excellent
Good Example 23 Excellent Excellent Excellent Excellent Good Example
24 Excellent Excellent Excellent Excellent Good Example 25 Good
Excellent Very good Excellent Good Example 26 Excellent Excellent
Excellent Excellent Good Example 27 Excellent Good Excellent
Excellent Good Example 28 Good Excellent Excellent Excellent Good
Example 29 Excellent Excellent Excellent Excellent Good Example 30
Excellent Excellent Excellent Excellent Good Example 31 Excellent
Excellent Excellent Excellent Good Example 32 



Excellent Excellent Excellent Excellent Good Example 33 Excellent
Excellent Excellent Excellent Good Example 34 Excellent Excellent
Excellent Excellent Good Example 35 Excellent Excellent Excellent
Excellent Good Example 36 Excellent Excellent Excellent Excellent
Good Example 37 Excellent Excellent Excellent Excellent Good Example
38 Excellent Excellent Excellent Excellent Good Example 39 Excellent
Excellent Excellent Excellent Good Example 40 Good Excellent
Excellent Excellent Good Example 41 Excellent Excellent Excellent
Excellent Good Example 42 Good Excellent Excellent Excellent Good
Example 43 Excellent Excellent Excellent Excellent Good Example 



44 Excellent Excellent Excellent Excellent Good Example 45 Excellent
Excellent Excellent Excellent Good  Our Ref.2009S02035 - 58 - Table 3
(No. 2)] Test condition Corrosion resistance Adhesion Continuity
Storage stability Lubricity Example 46 Excellent Excellent Excellent
Excellent Good Example 47 Excellent Excellent Excellent Excellent
Good Example 48 Excellent Excellent Very good Excellent Good Example
49 Excellent Good Very good Excellent Good Example 50 Excellent Good
Good Excellent Good Example 51 Good Excellent Excellent Excellent
Good Example 52 Excellent Excellent Excellent Excellent Good Example
53 Excellent Excellent Excellent Excellent Good Example 54 



Excellent Excellent Excellent Excellent Good Example 55 Good
Excellent Excellent Excellent Good Example 56 Excellent Excellent
Excellent Excellent Good Example 57 Excellent Excellent Excellent
Excellent Good Example 58 Excellent Excellent Very good Excellent
Good Example 59 Excellent Excellent Excellent Excellent Good Example
60 Fair Excellent Excellent Excellent Good Example 61 Excellent
Excellent Excellent Excellent Good Example 62 Good Excellent
Excellent Excellent Good Example 63 Excellent Excellent Excellent
Excellent Good Example 64 Excellent Excellent Excellent Excellent
Good Example 65 Good Excellent Excellent Excellent Good Example 



66 Fair Excellent Good Excellent Good Example 67 Excellent Excellent
Excellent Excellent Good Example 68 Excellent Excellent Excellent
Excellent Good Example 69 Good Excellent Excellent Excellent Good
Example 70 Good Excellent Fair Excellent Excellent Example 71
Excellent Excellent Excellent Excellent Good Example 72 Excellent
Excellent Excellent Excellent Good Example 73 Excellent Excellent
Excellent Excellent Good Example 74 Good Excellent Excellent
Excellent Good Example 75 Fair Excellent Very good Excellent
Excellent Example 76 Excellent Excellent Excellent Excellent
Excellent Example 77 Excellent Excellent Excellent Excellent
Excellent 



Example .78 Excellent Excellent Very good Excellent Excellent Example
79 Excellent Good Good Excellent Excellent Example 80 Excellent Good
Fair Excellent Excellent Example 81 Good Excellent Very good Good
Excellent Comparative example 82 Poor Fair Very good Good Good
Comparative example 83 Good Fair Poor Good Fair Comparative example
84 Poor Fair Poor Excellent Poor Comparative example 85 Fair Poor
Very good Fair Fair Comparative example 86 Poor Fair Very good Fair
Good Comparative example 87 Poor Fair. Very good Fair Good
Comparative example 88 Poor Fair Very good Excellent Poor Comparative
example 89 - - - Poor 



- Comparative example 90 Poor Fair Very good Excellent Good  Our
Ref.2009S02035 - 59 - Table 3 No 3)] Test condition Corrosion
resistance Adhesion Continuity Storage stability Lubricity
Comparative example 91 - Good Fair Poor Fair Good Comparative example
92 Poor Poor Poor Excellent Good Comparative example 93 Poor Poor
Poor Excellent Good Comparative example 94 Poor Good Excellent
Excellent Poor Comparative example 95 Excellent Fair Poor Excellent
Good Comparative example 96 Poor Good Excellent Excellent Fair
Comparative example 97 Excellent Fair Poor Excellent Excellent
Comparative example 98 Poor Fair Fair Fair Good Comparative example
99 Poor Fair Fair Excellent Good 



Comparative example 100 Poor Poor Good .Fair Poor Comparative example
101 - - - Poor - Comparative example 102 Poor Fair Fair Excellent
Good Comparative example 103 Poor Fair Fair Good Good  [0084]      As
described in Table 3, galvanized steel sheets according to the
present invention can be provided, the 5 galvanized steel sheets
having various properties such as corrosion resistance and adhesion
and allowing for excellent continuity under a condition in which the
steel sheets are in contact with gaskets or the like at a low contact
pressure. Galvanized steel sheets allowing for excellent 10
continuity according to the present invention have films completely
free from regulated substances causing pollution such as hexavalent
chromium and hence are optimal as galvanized steel sheets used for
parts of automobiles, household electrical appliances, and OA
equipment. 15[Industrial Applicability] [0085] A galvanized steel
sheet can be provided that has a  Our Ref.2009S02035 - 60 - film
completely free from regulated substances causing pollution such as
hexavalent chromium, has various properties such as corrosion
resistance and adhesion, and allows for excellent continuity without
degrading corrosion 5 resistance even under a severe condition in
which the steel sheet is in contact with a gasket or the like at a
low contact pressure.  Our Ref.2009S02035 - 61 - CLAIMS [Claim 1]
A galvanized steel sheet comprising a surface-treatment film having a
coating weight of 50 to 1200 mg/m2 relative to 5 a surface of the
galvanized steel sheet, wherein the surface-treatment film is
obtained by applying a surface-treatment agent to the surface of the
galvanized steel sheet and drying the surface-treatment agent by
heating; and the surface-treatment agent is prepared so as to contain
a 10 water-soluble zirconium compound (A), a tetraalkoxysilane (B),
an epoxy-group-containing compound (C), a chelating agent (D), a
vanadate compound (E), and a metal compound (F) containing one or
more metals selected from the group consisting of Ti, Al, and Zn, to
have a pH of 8 to 10, and 15 to satisfy conditions (I) to (V) below,
Note       (I) a ratio (A/B) of a mass of the water-soluble zirconium
compound (A) in terms of Zr to a mass of the tetraalkoxysilane (B) is
1.0 to 6.0; 20(II) a ratio (B/C) of the mass of the tetraalkoxysilane
(B) to a mass of the epoxy-group-containing compound (C) is 0.1 to
1.6; (III) a ratio (B/D) of the mass of the      tetraalkoxysilane
(B) to a mass of the chelating agent (D) 25is 0.3 to 2.0;  Our
Ref.2009S02035 - 62 -       (IV) a ratio (E/D) of a mass of the
vanadate compound (E) in terms of V to the mass of the chelating
agent (D) is 0.03 to 1.0; and          (V) a ratio (F/D) of a total
metal mass of the metal 5 compound (F) to the mass of the chelating
agent (D) is 0.05 to 0.8. [Claim 2]         The galvanized steel
sheet according to Claim 1, wherein the coating weight relative to
the surface is 50 to 10 500 mg/m2. [Claim 3]      The galvanized
steel sheet according to Claim 1 or 2, wherein the surface-treatment
agent further contains a lubricant (G) and a content of the lubricant
(G) is 1 to 10 15 mass% relative to a total solid content of the
surface-treatment agent. [Claim 4] The galvanized steel sheet
according to any one of Claims 1 to 3, wherein the surface-treatment
agent further 20 contains a nonionic acrylic resin emulsion (H) and a
content of the nonionic acrylic resin emulsion (H) is 0.5 to 45.0
mass% relative to a total solid content of the surface-treatment
agent. [Claim 5] 25The galvanized steel sheet according to Claim 4,
Our Ref.2009S02035 - 63 - wherein the content of the nonionic acrylic


