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(54) Aqueous siloxane coating composition, making method, surface treating agent, surface 
treated steel, and coated steel

(57) A cohydrolyzate and/or (partial) cohydrolytic
condensate obtained from hydrolysis of (i) an epoxy-con-
taining silane coupling agent, (ii) an organosilicon com-
pound having at least two hydrolyzable silyl groups, and
(iv) another hydrolyzable silyl group-containing organo-
silicon compound in the presence of (iii) an aqueous silica
sol is dissolved and/or dispersed in water to form an

aqueous siloxane coating composition having an alcohol
content of up to 5% by weight. The composition is stable
during storage at room temperature and able to form a
cured coat which exerts satisfactory water resistance and
corrosion control.
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Description

[0001] This invention relates to an aqueous siloxane coating composition comprising a hydrolyzate and/or (partial)
hydrolytic condensate of a silane, a method for preparing the composition, a surface treating agent comprising the
composition, a steel article treated therewith, and a coated steel article.

BACKGROUND

[0002] Problems of coating systems using well-known compositions based on silane hydrolyzate and silica sol are
the presence of chloride resulting from hydrolysis of chlorosilanes and a high fraction of volatile organic solvent which
is added as the stabilizer and diluent for the alcohol and silanol resulting from hydrolysis of alkoxysilanes.
[0003] Using the partial hydrolyzate of alkoxysilane and acidic hydrolysis catalysts, a silane sol-gel coating composition
having a certain degree of storage stability can be prepared. This composition, however, is limited to an organic solvent
system, typically alcohol system. As is well known in the art, the use of a sufficient amount of water for full hydrolysis of
alkoxysilanes and a high solids content lead to a drastic reduction in the storage stability of the system. In the course
of preparing a coating composition, it becomes difficult to control the hydrolytic condensation of silane, leading to molecular
weight buildup and gelation.
[0004] JP-A 2009-524709 discloses a water-dilutable sol-gel composition comprising a glycidyloxypropylalkoxysilane,
an aqueous silica sol, an organic acid, and an organometallic compound of titanium or zirconium as essential components,
that is, an aqueous siloxane coating composition having a low alcohol content. The intended application of this composition
includes corrosion control, primer and other coats although the patent document lacks examples demonstrating the
effectiveness. The use of a large amount of the organometallic compound as the crosslinker has a possibility that when
the cured coat is kept in contact with water for a long period of time, the composition may fail to exert sufficient water
resistance because the organometallic compound participates in cleavage of siloxane bonds.
[0005] Therefore, it would be desirable to have an aqueous siloxane coating composition which is substantially free
of organic solvents, typically alcohols and stable at room temperature, and a surface treating agent capable of forming
a cured coat having satisfactory water resistance.

Citation List

[0006]

Patent Document 1: JP-A 2009-524709 (WO 2007085320)

[0007] An object of the invention is to provide aqueous siloxane coating compositions which can be low in or substantially
free of organic solvents, especially alcohols, stable during storage at room temperature, and form cured coats having
satisfactory water resistance which are effective e.g. for metal corrosion control. Other aspects are methods for preparing
the compositions, their use for treating metal e.g. steel articles, e.g. before applying a subsequent coating layer, surface
treating agents comprising them and steel articles surface-treated with such agents, optionally further coated.
[0008] The inventor has found that aqueous siloxane coating compositions as defined below are stable during storage
at room temperature, despite the absence of organic solvents, typically alcohols, which are generally used for keeping
the composition stable, and forms a cured coat having satisfactory water resistance, that the composition may constitute
a surface treating agent effective for metal corrosion control, and that a steel article treated with the agent is protected
against corrosion.
[0009] In one aspect, the invention provides an aqueous siloxane coating composition comprising a cohydrolyzate
and/or (partial) cohydrolytic condensate obtained from hydrolysis of (i) an epoxy-containing silane coupling agent, (ii)
an organosilicon compound having at least two hydrolyzable silyl groups in a molecule, but free of epoxy group, and
optionally, (iv) a hydrolyzable silyl group-containing organosilicon compound other than components (i) and (ii), optionally
in the presence of (iii) an aqueous silica sol, said cohydrolyzate and/or (partial) cohydrolytic condensate being dissolved
and/or dispersed in water. Preferably the composition has alcohol content not above 5% by weight.
[0010] In a preferred embodiment, component (i) is a compound having the general formula (1):
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wherein R and R’ are each independently alkyl of 1 to 4 carbon atoms, A is a divalent hydrocarbon group of 1 to 10
carbon atoms which may be separated (interrupted) by one or more oxygen atoms, and n is an integer of 1 to 3.
[0011] In a preferred embodiment, component (ii) is a compound having the general formula (2) or (3).

Herein R1 to R4 are each independently alkyl of 1 to 4 carbon atoms, B is an optionally substituted, divalent straight or
branched hydrocarbon group of 1 to 20 carbon atoms which may be separated (interrupted) by one or more heteroatoms
selected from oxygen, sulfur and nitrogen atoms or by carbonyl carbon, k and m are each independently an integer of 1 to 3.

Herein R5 to R8 are each independently alkyl of 1 to 4 carbon atoms, p and q are each independently an integer of 1 to
3, and r is an integer of 1 to 10.
[0012] Preferably components (i) and (ii) are in a molar ratio (i) / (ii) of from 1.0 to 50.
[0013] Preferably a ratio of the solids weight of component (iii) to the total weight of components (i) and (ii), or com-
ponents (i), (ii) and (iv) if component (iv) is used, is (iii) / [ (i) + (ii) + (iv) ] ≤ 1.0.
[0014] Preferably the composition has a solids content of 0.5 to 60% by weight.
[0015] In another aspect, the invention provides a method for preparing the aqueous siloxane coating composition
defined above, comprising the steps of subjecting components (i) and (ii), optionally (iii), optionally (iv), to hydrolytic
reaction or hydrolytic condensation reaction in water, and removing the alcohol resulting from the reaction until an alcohol
content is reduced to 5% by weight or below.
[0016] In a further aspect, the invention provides a surface treating agent comprising primarily the aqueous siloxane
coating composition defined above.
[0017] In a still further aspect, the invention provides a steel article which is surface treated with the surface treating
agent.
[0018] In a still further aspect, the invention provides a coated steel article comprising a steel article which is surface
treated with the surface treating agent and a coat layer overlying the treated surface.

ADVANTAGEOUS EFFECTS

[0019] Since a hydrolyzate and/or (partial) hydrolytic condensate of an epoxy-containing silane coupling agent and
an organosilicon compound having at least two hydrolyzable silyl groups in a molecule as the crosslinker component is
used, the aqueous siloxane coating composition is stable at room temperature and able to form a film or coat. A cured
coat of the composition undergoes no cleavage of siloxane even in the event of continuous contact with water, and
exerts satisfactory water resistance and corrosion control.

FURTHER EXPLANATIONS; OPTIONS AND PREFERENCES

[0020] In the disclosure, the singular forms "a," "an" and "the" include plural referents unless the context clearly dictates
otherwise. "Optional" or "optionally" means that the subsequently described event or circumstances may or may not
occur, and that description includes instances where the event or circumstance occurs and instances where it does not.
[0021] The aqueous siloxane coating composition which is stable at room temperature has a cohydrolyzate and/or
(partial) cohydrolytic condensate dissolved and/or dispersed in water. The cohydrolyzate and/or (partial) cohydrolytic
condensate is obtained from hydrolysis of (i) an epoxy-containing silane coupling agent and (ii) an organosilicon com-
pound having at least two hydrolyzable silyl groups in a molecule, but free of epoxy group, or component (i), component
(ii), and (iv) a hydrolyzable silyl group-containing organosilicon compound other than components (i) and (ii),
optionally in the presence of (iii) an aqueous silica sol. The composition has an alcohol content of up to 5% by weight,
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preferably up to 2% by weight, more preferably up to 1% by weight, and even more preferably up to 0.1% by weight.
Most preferably the composition is essentially free of alcohol.

(i) Epoxy-containing silane coupling agent

[0022] The epoxy-containing silane coupling agent as component (i) is not particularly limited as long as it is a compound
having both an epoxy group and a hydrolyzable silyl group in a molecule. Preferably it is a compound having the general
formula (1).

Herein R and R’ are each independently alkyl of 1 to 4 carbon atoms, A is a divalent hydrocarbon group of 1 to 10 carbon
atoms which may be separated by an oxygen atom, and n is an integer of 1 to 3.
[0023] Examples of the C1-C4 alkyl group represented by R and R’ include methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, and tert-butyl. R and R’ may be the same or different. Preferably R is methyl or ethyl, and R’ is methyl.
[0024] A stands for a divalent hydrocarbon group, which is preferably alkylene group of 1 to 10 carbon atoms, more
preferably 1 to 6 carbon atoms. The divalent hydrocarbon group may be separated by an oxygen atom (-O-). Also
included are substituted hydrocarbon groups in which one or more hydrogen atoms are substituted by halogen atoms
such as fluorine and chlorine. Preferably A is -CH2-O-CH2CH2CH2-or -CH2-O-CH2- with the left-hand end being on the
epoxy side.
[0025] The subscript n is an integer of 1 to 3, preferably 2 or 3, and more preferably 3.
[0026] Illustrative, non-limiting examples of component (i) include glycidoxypropyltrimethoxysilane, glycidoxypropyl-
methyldimethoxysilane, glycidoxypropyldimethylmethoxysilane, glycidoxypropyltriethoxysilane, glycidoxypropylmethyl-
diethoxysilane, glycidoxypropyldimethylethoxysilane, glycidoxymethyltrimethoxysilane, and glycidoxymethyltriethoxysi-
lane.

(ii) Organosilicon compound having at least two hydrolyzable silyl groups, but free of epoxy group

[0027] Component (ii) is an organosilicon compound having at least two hydrolyzable silyl groups (or silicon-bonded
hydrolyzable groups) in a molecule, but free of epoxy group, which serves as a crosslinker. The organosilicon compound
is not particularly limited as long as it has at least two, preferably 2 to 10, hydrolyzable silyl groups in a molecule. For
water resistance of a cured coat and applicability to metal substrates, a compound having the general formula (2) is
preferred.

Herein R1 to R4 are each independently alkyl of 1 to 4 carbon atoms, B is an optionally substituted, divalent straight or
branched hydrocarbon group of 1 to 20 carbon atoms which may be separated by a heteroatom selected from oxygen,
sulfur and nitrogen atoms or carbonyl carbon, k and m are each independently an integer of 1 to 3, preferably 2 or 3.
[0028] Examples of the C1-C4 alkyl group represented by R1 to R4 include methyl, ethyl, propyl, isopropyl, n-butyl,
sec-butyl, and tert-butyl. R1 to R4 may be the same or different. Preferably R1 is methyl or ethyl, and R4 is methyl.
[0029] B stands for a divalent hydrocarbon group, typically alkylene, of 1 to 20 carbon atoms, preferably 1 to 15 carbon
atoms, and more preferably 1 to 10 carbon atoms. The divalent hydrocarbon group may be separated by -0-, -S-, -NH-,
-N(CH3)-or -C(=O)-. Also included are substituted hydrocarbon groups in which one or more hydrogen atoms are sub-
stituted by halogen atoms such as fluorine and chlorine. Preferably B is alkylene or fluorinated alkylene. Examples
include -(CH2)2-, -(CH2)3-, - (CH2)4-, -(CH2)5 -, -(CH2)6-, -(CH2)8-, -CH2CH2CH2-NH-CH2CH2CH2- , -CH2CH2CH2-
St-CH2CH2CH2 -, -CH2CH2-(CF2)2-CH2CH2-, and -CH2CH2-(CF2)4-CH2CH2-. Note that t is an integer of 1 to 4.
[0030] For water resistance of a cured coat and applicability to metal substrates, a compound having the general
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formula (3) is also preferred.

Herein R5 to R8 are each independently alkyl of 1 to 4 carbon atoms, as exemplified for R1 to R4. R5 to R8 may be the
same or different. The subscripts p and q are each independently an integer of 1 to 3, preferably 2 or 3, and r is an
integer of 1 to 10, preferably 2 to 8.
[0031] Illustrative, non-limiting examples of component (ii) include bis(trimethoxysilylpropyl)amine, bis(triethoxysilyl-
propyl)amine, bis(trimethoxysilylpropyl)oligosulfide, bis(triethoxysilylpropyl)oligosulfide, bis(trimethoxysilyl)ethane, bis
(triethoxysilyl)ethane, bis(trimethoxysilyl)propane, bis(triethoxysilyl)propane, bis(trimethoxysilyl)butane, bis(triethoxysi-
lyl)butane, bis(trimethoxysilyl)heptane, bis(triethoxysilyl)heptane, bis(trimethoxysilyl)hexane, bis(triethoxysilyl)hexane,
bis(trimethoxysilyl)octane, bis(triethoxysilyl)octane, 3,3,4,4-tetrafluoro-1,6-bis(trimethoxysilyl)hexane, 3,3,4,4-
tetrafluoro-1,6-bis(triethoxysilyl)hexane, 3,3,4,4,5,5,6,6-octafluoro-1,8-bis(trimethoxysilyl)octane, 3,3,4,4,5,5,6,6-oc-
tafluoro-1,8-bis(triethoxysilyl)octane, etc.
[0032] Components (i) and (ii) are used in such amounts that a molar ratio of component (i) to component (ii) may
range from 1.0 to 50, more preferably from 3.0 to 40, and even more preferably from 5.0 to 30. If a molar ratio (i)/(ii) <
1.0, indicating a lower proportion of epoxysilane, then the composition may become less water soluble and hence, less
stable. If a molar ratio (i)/(ii) > 50, indicating a lower proportion of polyfunctional silyl compound, then the composition
may lose film formability and be less adherent to steel strips.

(iv) Hydrolyzable silyl group-containing organosilicon compound other than components (i) and (ii)

[0033] Component (iv) is at least one hydrolyzable silyl group-containing organosilicon compound other than the
epoxy-containing silane coupling agent as component (i) and the organosilicon compound having at least two hydrolyz-
able silyl groups in a molecule, but free of epoxy group as component (ii).
[0034] Suitable organosilicon compounds used as component (iv) are commercially available alkoxysilanes and silane
coupling agents. Examples include, but are not limited to, 3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
N-2-(aminoethyl)-y-aminopropyltrimethoxysilane, N-2-(aminoethyl)-y-aminopropyltriethoxysilane, 3-(meth)acryloxypro-
pyltrimethoxysilane, 3-(meth)acryloxypropyltriethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, 3-chloropropylt-
rimethoxysilane, 3-mercaptopropyltrimethoxysilane, 3,3,3-trifluoropropyltrimethoxysilane, methyltrimethoxysilane, pro-
pyltrimethoxysilane, hexyltrimethoxysilane, octyltrimethoxysilane, decyltrimethoxysilane, phenyltrimethoxysilane, sty-
ryltrimethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, dimethyldimethoxysilane, diethyldiethoxysilane,
and the like.
[0035] Component (iv) is preferably used in an amount of 0 to 3 moles, more preferably 0.1 to 2 moles per mole of
component (i). Too much component (iv) may detract from the stability of the aqueous solution.

(iii) Aqueous silica sol

[0036] The aqueous silica sol as component (iii) may be any of commercially available silica sol products as long as
they are dispersible in water. In general, preference is given to a cationic colloidally disperse silica sol having a solids
content of 1 to 50% by weight, preferably 5 to 40% by weight and a silica sol of hollow structure having voids as silica
inclusions. The dispersing medium is preferably water, but may be a lower alcohol as the aqueous medium which is
miscible with water. The silica sol is generally at pH 3 to 5. An acidic silica sol is thus preferred although an alkaline or
neutral stabilized silica sol may also be used. The silica sol used herein includes not only aqueous amorphous SiO2
particles, but also composite oxides containing an AlO, TiO, ZrO or FeO bond as well as a SiO bond within the molecule.
In the latter case, the bond other than SiO should preferably be up to 50 mol%, more preferably up to 20 mol%.
[0037] As an optional component, an aqueous element oxide formed by the sol-gel method, for example, an oxide
such as aluminum oxide, titanium oxide, zirconium oxide or zinc oxide may be blended. The amount of the other element
oxide blended is preferably less than the amount of silica sol blended.
[0038] Component (iii) is preferably used in such an amount that a ratio of the solids weight of component (iii) to the
total weight of components (i) and (ii) or components (i), (ii) and (iv), if component (iv) is used, that is, (iii)/[(i)+(ii)+(iv)]
is up to 1.0 and more preferably up to 0.95. If (iii)/[(i)+(ii)+(iv)] > 1.0, then the composition may be less stable and tend
to undergo viscosity buildup and gelation with the lapse of time. For improved corrosion control and strength, the ratio
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(iii)/[(i)+(ii)+(iv)] is preferably at least 0.1, more preferably at least 0.4.
[0039] The composition of the invention may be prepared by subjecting components (i) to (iii) and optionally, component
(iv) in water to cohydrolytic reaction or (partial) cohydrolytic condensation reaction, and removing the alcohol resulting
from the reaction. By the removal step, the alcohol content of the composition can be reduced to 5% by weight or below.
[0040] Cohydrolytic reaction or (partial) cohydrolytic condensation reaction is preferably effected in the presence of
an acid catalyst such as acetic acid, hydrochloric acid or sulfuric acid, or an alkaline catalyst such as sodium hydroxide,
potassium hydroxide or tetramethylammonium hydroxide. The catalyst may be used in a catalytic amount, preferably
0.5 to 20 parts by weight, more preferably 1 to 10 parts by weight per 100 parts by weight of components (i) and (ii)
combined.
[0041] An amount of water added for cohydrolytic reaction or (partial) cohydrolytic condensation reaction is preferably
at least 1 mole, more preferably at least 2 moles, and even more preferably at least 5 moles per mole of total hydrolyzable
groups in components (i), (ii) and (iv). The term "amount of water" as used herein is an overall amount of water including
water originally contained in aqueous silica sol being added. Although the upper limit is not critical, it is preferred for
ease of operation that the amount of water is up to 50 moles, and more preferably up to 20 moles. If the amount of water
used for hydrolysis is too small, the aqueous solution may lose stability.
[0042] As to the conditions of the cohydrolysis or (partial) cohydrolytic condensation reaction step and the alcohol
removal step, the reaction temperature is preferably 30 to 110°C, more preferably 40 to 80°C, and the alcohol removal
step may be effected under a reduced pressure in order to promote removal. The reduced pressure for the alcohol
removal step is preferably 60 hPa to atmospheric, more preferably 60 to 200 hPa, although the pressure is not limited
to this range as long as the stability of the composition is not compromised. Too high a reaction temperature may detract
from the stability of the composition whereas too low a reaction temperature may be less effective for alcohol removal,
leading to a drop of production efficiency.
[0043] It is noted that an alcohol content may be measured by headspace gas chromatography. It is assumed that
when the peak of an organic solvent detected by this measurement is 5%, for example, the alcohol content is 5% by weight.
[0044] Besides components (i) to (iv) mentioned above, the composition may further comprise a curing catalyst,
leveling agent and other additives commonly used in the well-known prior art, as long as the overall composition is kept
stable. Also, water-soluble organic resins and other materials which are compatible with and dispersible in the composition
may also be contained as long as the overall composition is kept stable.
[0045] The composition of the invention is preferably adjusted to a solids content of 0.5 to 60% by weight. Specifically,
the composition is heat dried such that the amount (g) of residual solids divided by the overall amount (g) of the composition
may range from 0.05 to 0.6. If the solids content is less than 0.5% by weight, the composition forms a coat which may
not exhibit satisfactory water resistance and primer effect. If the solids content is more than 60% by weight, the composition
may become substantially unstable and difficult to prepare. More preferably the solids content is 5 to 50% by weight.
[0046] The composition finds main use as a surface treating agent. The substrate which can be treated with the surface
treating agent is not particularly limited and may be an organic or inorganic substrate. Examples include cardboards,
woodboards, chipboards, engineering plastics, organic coatings, stone, ceramics, metals and metal alloys. Among
others, metal surfaces such as ferrous articles and galvanized articles are preferred. The composition of the invention
forms on the metal surface a coat which has an improved corrosion control effect, is mechanically stable and hydrophobic,
and assists in adhesion of an overlying organic resin material when the coat is overlaid therewith.
[0047] The surface treating agent primarily comprising the coating composition of the invention may be applied onto
a substrate by conventional coating techniques. Any suitable technique may be selected from brush coating, spraying,
dipping, flow coating, roll coating, curtain coating, spin coating, and knife coating, depending on the shape of a substrate,
the desired coating thickness, and the desired coating state.
[0048] Once the surface treating agent is applied, it may be dried and then cured by holding in air or by heating.
Although the curing temperature and time are not particularly limited, the coated substrate is usually heated at a tem-
perature below the heat resistant temperature of the substrate, preferably 20 to 200°C, more preferably 40 to 150°C,
for 10 seconds to 2 hours, more preferably 1 minute to 1 hour.
[0049] The coat (cured coat) of the surface treating agent preferably has a thickness of 0.1 to 50 Pm, more preferably
1 to 10 Pm, although the thickness of the coat is not particularly limited.
[0050] In the practice of the invention, once a substrate is coated with the surface treating agent as mentioned above,
an overlying coat layer may be formed on the treated or primed surface. The overlying coat layer may be of coating
compositions based on organic resins such as epoxy, melamine, phenolic and urethane resins, and silicone resins.

EXAMPLE

[0051] Examples of the invention are given below by way of illustration and not by way of limitation. In Examples, an
alcohol content was measured by headspace gas chromatography; a viscosity, specific gravity, and refractive index
were measured at 25°C by a capillary kinematic viscometer, according to JIS Z8804, and according to JIS K0062,
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respectively. All parts are by weight.

Example 1

[0052] A 1-L separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermometer was charged
with 103.9 parts (0.44 mol) of γ-glycidoxypropyltrimethoxysilane (KBM403 by Shin-Etsu Chemical Co., Ltd.), 5.2 parts
(0.09 mol) of acetic acid, and 10.3 parts (0.03 mol) of 3,3,4,4,5,5,6,6-octafluoro-1,8-bis(trimethoxysilyl)octane, which
were mixed and stirred. 234.6 parts of an aqueous silica sol (Snowtex O by Nissan Chemical Industries, Ltd., SiO2
content 20 wt%, acidic type) was added to the mixture, which was mixed and stirred at room temperature for 30 minutes,
heated to an internal temperature of 80°C, mixed and stirred for a further 2 hours at the temperature. The reaction
solution was cooled to an internal temperature of about 60°C, combined with 89.1 parts of deionized water, and stirred,
after which the methanol resulting from the reaction was distilled off at an internal temperature of about 60°C and a
vacuum of about 120 to 170 hPa. The distillate at 170 hPa was composed mainly of methanol while the distillate at 120
hPa consisted of water and was free of methanol. After confirming the end, the methanol distillation step was stopped.
Deionized water was added to the product so as to adjust the solids content to 30 wt%. This was a milky white opaque
liquid having a viscosity of 4.4 mm2/s, a specific gravity of 1.13, a refractive index of 1.367, pH 2.8, and a methanol
content of less than 0.1 wt%. This is designated surface treating agent #1.

Example 2

[0053] A 1-L separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermometer was charged
with 103.9 parts (0.44 mol) of γ-glycidoxypropyltrimethoxysilane (KBM403 by Shin-Etsu Chemical Co., Ltd.), 5.2 parts
(0.09 mol) of acetic acid, and 10.3 parts (0.03 mol) of bistrimethoxysilylhexane, which were mixed and stirred. 234.6
parts of an aqueous silica sol (Snowtex O by Nissan Chemical Industries, Ltd.) was added to the mixture, which was
mixed and stirred at room temperature for 30 minutes, heated to an internal temperature of 80°C, mixed and stirred for
a further 2 hours at the temperature. The reaction solution was cooled to an internal temperature of about 60°C, combined
with 89.1 parts of deionized water, and stirred, after which the methanol resulting from the reaction was distilled off at
an internal temperature of about 60°C and a vacuum of about 120 to 170 hPa. The distillate at 170 hPa was composed
mainly of methanol while the distillate at 120 hPa consisted of water and was free of methanol. After confirming the end,
the methanol distillation step was stopped. Deionized water was added to the product so as to adjust the solids content
to 30 wt%. This was a milky white opaque liquid having a viscosity of 4.2 mm2/s, a specific gravity of 1.13, a refractive
index of 1.369, pH 2.7, and a methanol content of less than 0.1 wt%. This is designated surface treating agent #2.

Example 3

[0054] A 1-L separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermometer was charged
with 52 parts (0.22 mol) of γ-glycidoxypropyltrimethoxysilane (KBM403 by Shin-Etsu Chemical Co., Ltd.), 29.9 parts
(0.22 mol) of methyltrimethoxysilane (KBM13 by Shin-Etsu Chemical Co., Ltd.), 5.2 parts (0.09 mol) of acetic acid, and
10.3 parts (0.03 mol) of 3,3,4,4,5,5,6,6-octafluoro-1,8-bis(trimethoxysilyl)octane, which were mixed and stirred. 159.3
parts of an aqueous silica sol (Snowtex O by Nissan Chemical Industries, Ltd.) was added to the mixture, which was
mixed and stirred at room temperature for 30 minutes, heated to an internal temperature of 80°C, mixed and stirred for
a further 2 hours at the temperature. The reaction solution was cooled to an internal temperature of about 60°C, combined
with 60.5 parts of deionized water, and stirred, after which the methanol resulting from the reaction was distilled off at
an internal temperature of about 60°C and a vacuum of about 120 to 170 hPa. The distillate at 170 hPa was composed
mainly of methanol while the distillate at 120 hPa consisted of water and was free of methanol. After confirming the end,
the methanol distillation step was stopped. Deionized water was added to the product so as to adjust the solids content
to 30 wt%. This was a milky white opaque liquid having a viscosity of 5.9 mm2/s, a specific gravity of 1.13, a refractive
index of 1.365, pH 2.5, and a methanol content of less than 0.1 wt%. This is designated surface treating agent #3.

Example 4

[0055] A 1-L separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermometer was charged
with 77.9 parts (0.33 mol) of γ-glycidoxypropyltrimethoxysilane (KBM403 by Shin-Etsu Chemical Co., Ltd.), 13.2 parts
(0.11 mol) of dimethyldimethoxysilane (KBM22 by Shin-Etsu Chemical Co., Ltd.), 5.2 parts (0.09 mol) of acetic acid,
and 10.3 parts (0.03 mol) of 3,3,4,4,5,5,6,6-octafluoro-1,8-bis(trimethoxysilyl)octane, which were mixed and stirred.
186.3 parts of an aqueous silica sol (Snowtex O by Nissan Chemical Industries, Ltd.) was added to the mixture, which
was mixed and stirred at room temperature for 30 minutes, heated to an internal temperature of 80°C, mixed and stirred
for a further 2 hours at the temperature. The reaction solution was cooled to an internal temperature of about 60°C,
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combined with 71 parts of deionized water, and stirred, after which the methanol resulting from the reaction was distilled
off at an internal temperature of about 60°C and a vacuum of about 120 to 170 hPa. The distillate at 170 hPa was
composed mainly of methanol while the distillate at 120 hPa consisted of water and was free of methanol. After confirming
the end, the methanol distillation step was stopped. Deionized water was added to the product so as to adjust the solids
content to 30 wt%. This was a milky white opaque liquid having a viscosity of 4.7 mm2/s, a specific gravity of 1.12, a
refractive index of 1.367, pH 2.6, and a methanol content of less than 0.1 wt%. This is designated surface treating agent #4.

Comparative Example 1

[0056] A 1-L separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermometer was charged
with 103.9 parts (0.44 mol) of γ-glycidoxypropyltrimethoxysilane (KBM403 by Shin-Etsu Chemical Co., Ltd.) and 5.2
parts (0.09 mol) of acetic acid, which were mixed and stirred. 234.6 parts of an aqueous silica sol (Snowtex O by Nissan
Chemical Industries, Ltd.) was added to the mixture, which was mixed and stirred at room temperature for 30 minutes,
heated to an internal temperature of 80°C, mixed and stirred for a further 2 hours at the temperature. The reaction
solution was cooled to an internal temperature of about 60°C, combined with 89.1 parts of deionized water, and stirred,
after which the methanol resulting from the reaction was distilled off at an internal temperature of about 60°C and a
vacuum of about 120 to 170 hPa. The distillate at 170 hPa was composed mainly of methanol while the distillate at 120
hPa consisted of water and was free of methanol. After confirming the end, the methanol distillation step was stopped.
Deionized water was added to the product so as to adjust the solids content to 30 wt%. This was a milky white opaque
liquid having a viscosity of 5.0 mm2/s, a specific gravity of 1.12, a refractive index of 1.369, pH 2.8, and a methanol
content of less than 0.1 wt%. This is designated surface treating agent #5.

Comparative Example 2

[0057] A 1-L separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermometer was charged
with 103.9 parts (0.44 mol) of γ-glycidoxypropyltrimethoxysilane (KBM403 by Shin-Etsu Chemical Co., Ltd.), 5.2 parts
(0.09 mol) of acetic acid, and 10.3 parts (0.03 mol) of tetrabutoxytitanium, which were mixed and stirred. 234.6 parts of
an aqueous silica sol (Snowtex O by Nissan Chemical Industries, Ltd.) was added to the mixture, which was mixed and
stirred at room temperature for 30 minutes, heated to an internal temperature of 80°C, mixed and stirred for a further 2
hours at the temperature. The reaction solution was cooled to an internal temperature of about 60°C, combined with
89.1 parts of deionized water, and stirred, after which the methanol resulting from the reaction was distilled off at an
internal temperature of about 60°C and a vacuum of about 120 to 170 hPa. The distillate at 170 hPa was composed
mainly of methanol while the distillate at 120 hPa consisted of water and was free of methanol. After confirming the end,
the methanol distillation step was stopped. Deionized water was added to the product so as to adjust the solids content
to 30 wt%. This was a milky white opaque liquid having a viscosity of 3.3 mm2/s, a specific gravity of 1.13, a refractive
index of 1.370, pH 2.7, and a methanol content of less than 0.1 wt%. This is designated surface treating agent #6.

Comparative Example 3

[0058] A 1-L separable flask equipped with a stirrer, reflux condenser, dropping funnel, and thermometer was charged
with 103.9 parts (0.44 mol) of γ-glycidoxypropyltrimethoxysilane (KBM403 by Shin-Etsu Chemical Co., Ltd.), 5.2 parts
(0.09 mol) of acetic acid, and 10.3 parts (0.03 mol) of tetrabutoxytitanium, which were mixed and stirred. 650 parts of
an aqueous silica sol (Snowtex O by Nissan Chemical Industries, Ltd.) was added to the mixture, which was mixed and
stirred at room temperature for 30 minutes, heated to an internal temperature of 80°C, mixed and stirred for a further 2
hours at the temperature. The reaction solution was cooled to an internal temperature of about 60°C, combined with
280.1 parts of deionized water, and stirred, after which the methanol resulting from the reaction was distilled off at an
internal temperature of about 60°C and a vacuum of about 120 to 170 hPa. The distillate at 170 hPa was composed
mainly of methanol while the distillate at 120 hPa consisted of water and was free of methanol. After confirming the end,
the methanol distillation step was stopped. Deionized water was added to the product so as to adjust the solids content
to 30 wt%. This was a milky white opaque liquid having a viscosity of 8.3 mm2/s, a specific gravity of 1.17, a refractive
index of 1.370, pH 2.7, and a methanol content of less than 0.1 wt%. This is designated surface treating agent #7.

Stability of treating agent

[0059] Each of the surface treating agents prepared above was fed into a plastic bottle which was sealed and held at
room temperature (RT) for a period of time. At intervals, the liquid was visually observed for outer appearance and
fluidity. The evaluation results are shown in Table 1.
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Applicability to steel strip

[0060] A cold-rolled steel strip was polished with abrasive slurry to render the surface hydrophilic. Each of the surface
treating agents prepared above was flow coated onto the steel strip surface. It was observed how the steel strip was
wetted with the agent. The evaluation results are shown in Table 1.

O: uniform coating
∆: slight wrinkle at edge
�: cissing, uneven coating

Salt spray test

[0061] A salt spray test was carried out for evaluating the durability against salt water spraying. Each of the surface
treating agents prepared above was flow coated onto a steel strip as above to a thickness of 3 Pm and heat dried at
150°C for one hour, yielding a treated steel strip as a test piece. A salt spray cycle consisting of spraying 5 wt% salt
water to the treated steel strip, holding it horizontal, drying at room temperature for 3 hours, and spraying again 5 wt%
salt water was repeated. At time intervals, a degree of corrosion on the steel strip was visually observed. The evaluation
results are shown in Table 1.

�: no corrosion
O : slight corrosion at edge
∆: slight corrosion over entire strip
�: substantial corrosion over entire strip

[0062] The results of Examples and Comparative Examples demonstrate that the coats formed of the treating agents
according to the invention have improved applicability to steel strips and offer satisfactory rust prevention and water
resistance.

Claims

1. An aqueous siloxane coating composition comprising a cohydrolyzate and/or (partial) cohydrolytic condensate ob-
tained from hydrolysis of (i) an epoxy-containing silane coupling agent, (ii) an organosilicon compound having at
least two hydrolyzable silyl groups in a molecule, but free of epoxy group, and optionally, (iv) a hydrolyzable silyl

Table 1

Stability of treating 
agent

Applicability to steel 
strip

Salt spray test

After 24 hr After 72 hr After 144 hr

Example

1
stable at RT for > 1 

month
O � O ∆

2
stable at RT for > 1 

month
O � O ∆

3
stable at RT for > 1 

month
O � � �

4
stable at RT for > 1 

month
O � � O

Comparative 
Example

1
stable at RT for > 1 

month
� � � �

2
stable at RT for > 1 

month
∆ ∆ � �

3
gelled at RT after 3 

days
∆ O ∆ �
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group-containing organosilicon compound other than components (i) and (ii), optionally in the presence of (iii) an
aqueous silica sol, said cohydrolyzate and/or (partial) cohydrolytic condensate being dissolved and/or dispersed in
water, the composition having an alcohol content of up to 5% by weight.

2. The composition of claim 1 wherein component (i) is a compound having the general formula (1):

wherein R and R’ are each independently alkyl of 1 to 4 carbon atoms, A is a divalent hydrocarbon group of 1 to 10
carbon atoms which may be separated by an oxygen atom, and n is an integer of 1 to 3.

3. The composition of claim 1 or 2 wherein component (ii) is a compound having the general formula (2):

wherein R1 to R4 are each independently alkyl of 1 to 4 carbon atoms, B is an optionally substituted, divalent straight
or branched hydrocarbon group of 1 to 20 carbon atoms which may be separated by a heteroatom selected from
oxygen, sulfur and nitrogen atoms or carbonyl carbon, k and m are each independently an integer of 1 to 3.

4. The composition of claim 2 wherein component (ii) is a compound having the general formula (3):

wherein R5 to R8 are each independently alkyl of 1 to 4 carbon atoms, p and q are each independently an integer
of 1 to 3, and r is an integer of 1 to 10.

5. The composition of any one of claims 1 to 4 wherein components (i) and (ii) are in a molar ratio (i)/(ii) of from 1.0 to 50.

6. The composition of any one of claims 1 to 5 wherein a ratio of the solids weight of component (iii) to the total weight
of components (i) and (ii) or components (i), (ii) and (iv), if component (iv) is used, is (iii)/[(i)+(ii)+(iv)] ≤ 1.0.

7. The composition of any one of claims 1 to 6, having a solids content of 0.5 to 60% by weight.

8. A method for preparing the aqueous siloxane coating composition of any one of claims 1 to 7, comprising the steps
of subjecting components (i) to (iii) and optionally component (iv) to hydrolytic reaction or hydrolytic condensation
reaction in water, and removing the alcohol resulting from the reaction until an alcohol content is reduced to 5% by
weight or below.

9. A surface treating agent comprising primarily the aqueous siloxane coating composition of any one of claims 1 to 7.

10. A steel article which is surface treated with the surface treating agent of claim 9.

11. A coated steel article comprising a steel article which is surface treated with the surface treating agent of claim 9
and a coat layer overlying the treated surface.



EP 2 390 296 A2

11

5

10

15

20

25

30

35

40

45

50

55

12. Use of a composition according to any one of claims 1 to 7 or agent according to claim 9 for treatment of metal e.g.
steel articles, optionally followed by applying a coat layer over the treated surface.
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