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REPLENISHING COMPOSITIONS AND METHODS OF REPLENISHING
PRETREATMENT COMPOSITIONS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation-in-part application of application
Serial No. 12/575,731, filed October 8, 2009, now U.S. Patent Publication No.
2011/0083580A1, published April 14, 2011.

FIELD OF THE INVENTION

[0002] The present invention relates to replenishing compositions and methods of

replenishing pretreatment compositions.

BACKGROUND INFORMATION

[0003] The use of protective coatings on metal surfaces for improved corrosion
resistance and paint adhesion characteristics is well known in the metal finishing arts.
Conventional techniques involve pretreating metal substrates with phosphate pretreatment
coating compositions and chrome-containing rinses for promoting corrosion resistance. The
use of such phosphate and/or chromate-containing compositions, however, gives rise to
environmental and health concerns. As a result, chromate-free and/or phosphate—free
pretreatment compositions have been developed. Such compositions are generally based on
chemical mixtures that in some way react with the substrate surface and bind to it to a form
protective layer.

[0004] During a typical pretreatment process, as a pretreatment composition is
contacted with a substrate, certain ingredients, such as metal ions in the pretreatment
composition, bind to the substrate’s surface to form a protective layer; as a result the
concentration of those ions in the composition may be diminished during the process.
Accordingly, it would be desirable to provide a method of replenishing a pretreatment
composition with a replenisher composition which replenishes the desired ingredients, such

as metal, in the pretreatment composition.

SUMMARY OF THE INVENTION

[0005] In certain respects, the present invention is directed to a method of

replenishing a pretreatment composition comprising adding a replenisher composition to the
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pretreatment composition, wherein the replenisher composition comprises a zirconium

complex.

DETAILED DESCRIPTION
{0006] For purposes of the following detailed description, it is to be understood that
the invention may assume .various alternative variations and step sequences, except where
expressly specified to the contrary. Moreover, other than in any operating examples, or where
otherwise indicated, all numbers expressing, for example, quantities of ingredients used in the
specification and claims are to be understood as being modified in all instances by the term
"about". Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending
upon the desired properties to be obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.
[0007] Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard variation found in their
respective testing measurements.
[0008] Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, a range of "1 to 10" is
intended to include all sub-ranges between (and including) the recited minimum value of 1
and the recited maximum value of 10, that is, having a minimum value equal to or greater
than 1 and a maximum value bf equal to or less than 10.
[0009] In this application, the use of the singular includes the plural and plural
encompasses singular, unless specifically stated otherwise. In addition, in this application,
the use of "or" means "and/or" unless specifically stated othérwise, even though "and/or" may
be explicitly used in certain instances.
[0010] Unless otherwise indicated, as used herein, “substantially free” means that a
composition comprises < 1 weight percent, such as < 0.8 weight percent or < 0.5 weight
percent or < 0.05 weight percent or < 0.005 weight percent, of a particular material (e.g.,

organic solvent, filler, etc.) based on the total weight of the composition.
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[0011] Unless otherwise indicated, as used herein, "completely free” means that a
composition does not comprise a particular material (e.g., organic solvent, filler, etc.). That
is, the composition comprises 0 weight percent of such material.

[0012] The metal ions and metals referred to herein are those elements included in
such designated group of the CAS Periodic Table of the Elements as is shown, for example,
in the Handbook of Chemistry and Physics, 68th edition (1987).

[0013] As previously mentioned, certain embodiments of the present invention are
directed to methods of replenishing pretreatment compositions comprising adding a
replenisher composition to a pretreatment composition. As used herein, the term “replenisher
composition” refers to a material added to a pretreatment composition during the pretreatment
process. In certain embodiments, the replenisher composition does not have the same
formulation as the pretreatment composition although certain components of the formulation
may be the same. For example, while both the replenisher composition and the pretreatment
composition may both comprise the same material for particular components, respectively,
the replenisher composition may comprise components which the pretreatment conposition
Jacks. By way of illustration, the pretreatment composition of the present invention may
comprise H,ZrFs, while the replenisher composition of the present invention comprises a
zirconium complex that may not have been present in the original formulation of the
pretreatment composition as well as optionally comprising HoZrFe.

[0014] Moreover, the present invention is not directed to simply adding more
pretreatment composition to a pretreatment bath, which comprises the pretreatment
composition, in order to replenish the bath. Rather, it is directed to adding a replenisher
composition to a pretreatment composition wherein the replenisher composition has a
different formulation from that of the pretreatment composition. As stated above, in certain
embodiments, the pretreatment composition may include one or more components of a
pretreatment bath.

[0015] In certain embodiments, the replenisher composition of certain methods of the
present invention comprises (a) a zirconium complex. A zirconium complex, for the
purposes of the present invention, is defined as a zirconium compound that is not an oxide,
hydroxide, or carbonate of zirconium. Suitable zirconium complex compounds include
zirconium compound of a sulfonic acid such as zirconium methanesulphonic acid.

[0016] In certain embodiments, in addition to the zirconium complex (a), the

replenisher composition may, optionally, further comprise (b) a dissolved complex metal
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fluoride ion, wherein the metal ion comprises a Group IIIA metal, Group IVA metal, Group
IVB metal, or combinations thereof. The metal can be provided in ionic form, which can be
easily dissolved in an aqueous composition at an appropriate pH, as would be recognized by
those skilled in the art. The metal may be provided by the addition of specific compounds of
the metals, such as their soluble acids and salts. The metal ion of the dissolved complex
metal fluoride ion (b) is capable of converting to a metal oxide upon application to a metal
substrate. In certain embodiments, the metal ion of dissolved complex metal fluoride ion
comprises silicon, germanium, tin, boron, aluminum, gallium, indium, thallium, titanium,
zirconium, hafnium, or combinations thereof.

[0017] As mentioned, a source of fluoride ion is also included in the dissolved
complex metal fluoride ion (b) to maintain solubility of the metal ions in solution. The
fluoride may be added as an acid or as a fluoride salt. Suitable examples include, but are not
limited to, ammonium fluoride, ammonium bifluoride, hydrofluoric acid, and the like. In
certain embodiments, the dissolved complex metal fluoride ion (b) is provided as a fluoride
acid or salt of the metal. In these embodiments, the dissolved complex fluoride ion (b)
provides both a metal as well as a source of fluoride to the replenisher composition. Suitable
examples include, but are not limited to, fluorosilicic acid, fluorozirconic acid, fluorotitanic
acid, ammonium and alkali metal fluorosilicates, fluorozirconates, fluorotitanates, zirconium
fluoride, sodium fluoride, sodium bifluoride, potassium fluoride, potassium bifluoride, and
the like.

[0018] In certain embodiments, the dissolved complex metal fluoride ion component
(b) of the replenisher composition comprises H,TiFs, HyZrFs, HoHfFs, H,SiFs, HoGeFs,
H,SnFg, or combinations thereof.

[0019] In certain embodiments, the dissolved complex metal fluoride ion component
(b) of the replenisher composition is present in the replenisher composition in an amount
ranging from 1 to 25 percent by weight metal ions, based on the weight of total metal ions of
the replenisher composition. In other embodiments, the dissolved complex metal fluoride ion
component of the replenisher composition is present in the replenisher composition in an
amount ranging from 1 to 15 percent by weight metal ions, such as from 2 to 10 percent by
weight metal ions, based on the weight of total metal ions of the replenisher composition.
[0020] In addition to the zirconium complex (a), in certain embodiments with and
without the component (b), the replenisher composition may, optionally, further comprise (c)

a component comprising an oxide, hydroxide, or carbonate of Group IIIA, Group IVA, Group
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IVB metals, or combinations thereof. Suitable examples of Group IIIA, Group IVA, Group
IVB metals of component (c) include, but are not limited to, aluminum, gallium, indium,
thalljum, silicon, germanium, tin, lead, titanium, zirconium, hafnium, and the like. In certain
embodiments, the metal ion of component (c) comprises titanium, zirconium, hafnium,
aluminum, silicon, germanium, tin, or combinations thereof. In other embodiments,
component (c) comprises zirconium basic carbonate, aluminum hydroxide, tin oxide, silicon
hydroxide, or combinations thereof.

[0021] In still other embodiments, component (¢) comprises a zirconyl compound. A
zirconyl compound, as defined herein, refers to a chemical compound containing a zirconyl
group (ZrO). In certain embodiments, the zirconyl compound in the pretreatment
composition comprises zirconyl nitrate (ZrO(NOs)y), zirconyl acetate (ZrO(CoH305),,
zirconyl carbonate (ZrOCO3), protonated zirconium basic carbonate (Zr,(OH),CO3), zirconyl
sulfate (ZrOSO,),, zirconyl chloride (ZrO(Cl),, zirconyl iodide (ZrO(I);, zirconyl bromide
(ZrO(Br),, or a mixture thereof.

[0022] The replenisher composition of the present invention, in certain of the
embodiments, is added to the pretreatment composition to maintain the metal ion content in
the pretreatment composition to between 10 ppm ("parts per million") to 250 ppm metal ions
(measured as elemental metal), such as from 30 ppm to 200 ppm metal ions, such as from 150
(150) ppm to 200 ppm metal ions in the pretreatment composition. The metal ion content, as
defined herein, is the total metal ions contributed from the zirconium complex (a), the
optional components (b) and/or (¢), when present, in addition to the metal ions in the
pretreatment composition not contributed by the replenishing composition.

[0023] Thus, for example, wherein the replenisher composition comprises the
zirconium complex (&) without optional components (b) or (c), the total amount of
replenisher composition comprising the zirconium complex (a) that is added to the
pretreatment composition is such that the total metal jon content in the replenished bath
contributed from both the zirconium complex (a) and the remaining metal ions from the
pretreatment composition is between 10 ppm ("parts per million") to 250 ppm metal ions
(measured as elemental metal), such as from 30 ppm to 200 ppm metal ions, such as from 150
(150) ppm to 200 ppm metal ions in the pretreatment composition. Alternatively, wherein (b)
and/or (c) are present, the total amount of replenisher composition added to the pretreatment
composition is such that the total metal ion content in the replenished bath contributed from

the zirconium complex (a), components (b) and/or (c), and the remaining metal ions from the
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pretreatment composition is between 10 ppm ("parts per million") to 250 ppm metal ions
(measured as elemental metal), such as from 30 ppm to 200 ppm metal ions, such as from 150
(150) ppm to 200 ppm metal ions in the pretreatment composition.

[0024] In certain of these embodiments, the metal ion comprises zirconium. In other
embodiments, the metal ion comprises zirconium in combination with another metal ion
present in the replenisher composition, as discussed below.

[0025] In certain of these embodiments, wherein both components (b) and (c) are
present, at least 8 percent by weight of the metal ions of components (b) and (c) together are
provided by the metal ions of component (¢). In other embodiments, component (c¢) is present
in the replenisher composition in an amount ranging from 8 to 90 percent by weight metal
ions based on the weight of total metal ions of components (b) and (c) of the replenisher
composition. In still other embodiments, component (c) is present in the replenisher
composition in an amount ranging from 10 to 35 percent by weight metal ions based on the
weight of total metal ions of components (b) and (c) of the replenisher composition.

[0026] In certain embodiments, in addition to the zirconium complex (a), in
embodiment with our without components (b) and/or (c), the replenisher composition may,
optionally, further comprise (d) a dissolved metal ion comprising a Group 1B metal, Group
IIB metal, Group VIIB metal, Group VIII metal, Lanthanide Series metal, or combinations
thereof.

[0027] In certain embodiments, component (d) comprises manganese, cerium, cobalt,
copper, zinc, iron, or combinations thereof. Water-soluble forms of metals can be utilized as
a source of the metal ions comprising a Group IB metal, Group IIB metal, Group VIIB metal,
Group VIII metal, and/or Lanthanide Series metal. Suitable compounds include, but are not
limited to, ferrous phosphate, ferrous nitrate, ferrous sulfate, copper nitrate, copper sulfate,
copper chloride, copper sulfamate, zinc nitrate, zinc sulfate, zinc chloride, zinc sulfamate, and
the like.

[0028] In certain embodiments, component (d) is present in the replenisher
composition at a weight ratio of 1:10 to 10:1 based on the weight of total metal ions of
zirconium complex (a) to the weight of total metal iéns comprising component (d). In other
embodiments, the weight ratio is from 1:6 to 6:1, such as from 1:4 to 4:1 based on the weight
of total metal ions of zirconium complex (a) to the weight of total metal ions comprising

component (d).
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[0029] In certain embodiments, the replenisher composition of the methods of the
present invention is provided as an aqueous solution and/or dispersion. In these
embodiments, the replenisher composition further comprises water. Water may be used to
dilute the replenisher composition used in the methods of the present invention. Any
appropriate amount of water may be present in the replenisher composition to provide the
desired concentration of other ingredients.

[0030] The pH of the replenisher composition may be adjusted to any desired value.
In certain embodiments, the pH of the replenisher composition may be adjusted by varying
the amount of the dissolved complex metal fluoride ion present in the composition. In other
embodiments, the pH of the replenisher composition may be adjusted using, for example, any
acid or base as is necessary. In certain embodiments, the pH of the replenisher is maintained
through the inclusion of a basic material, including water soluble and/or water dispersible
bases, such as sodium hydroxide, sodium carbonate, potassium hydroxide, ammonium
hydroxide, ammonia, and/or amines such as triethylamine, methylethyl amine, oOr
combinations thereof.

[0031] In certain embodiments, the pH of the replenisher may be adjusted by the
addition of the zirconium complex (a), particularly by the addition of zirconium
methanesulphonic acid, alone or in combination with the optional components (b), (¢) and/or
(d) described in the previous paragraph.

[0032] In certain embodiments, the replenisher composition, including any of those
compositions set forth above, is added to the pretreatment composition in an amount
sufficient to maintain the pH of the pretreatment composition at a pH of 6.0 or below. In still
other embodiments, the replenisher composition is added to maintain the pH of the
pretreatment composition at a level of from 4.0 to 6.0, such as from 4.5 to 5.5.

[0033] In certain embodiments, the replenisher composition of the methods of the
present invention is prepared by combining the zirconium complex (a) and water to form a
first preblend. The ingredients of the first preblend may be agitated under mild agitation once
the ingredients are combined with one another. Next, if component (b), (¢) and/or (d) are
present, these components (b), (¢) and/or (d) and water may be combined to form a second,
third and/or fourth preblend, respectively. The ingredients of the second preblend, third
and/or fourth preblend may be agitated under mild agitation once the ingredients are
combined with one another. The first preblend may then be added to the second, third and/or

fourth preblend. Once the first preblends are combined, they may be agitated under mild
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agitation. The replenisher composition may be prepared at ambient conditions, such as
approximately 70°F to 80°F (21 to 26°C), or at temperatures slightly below and/or slightly
above ambient conditions, such as from approximately SO°F to 140°F (10 to 60°C).

[0034] In certain embodiments of the methods of the present invention, the
replenisher composition may be added to the pretreatment composition under agitation. In
other embodiments, the replenisher composition may be added to the pretreatment
composition without agitation followed by agitation of the materials. The replenisher
composition may be added to the pretreatment composition when the pretreatment
composition is at ambient temperature, such as approximately 70°F to 80°F (21 to 26°C), as
well as when the pretreatment composition is at temperatures slightly below and/or slightly
above ambient temperature, such as, for example, from approximately SO°F to 140°F (10 to
60°C).

[0035] As mentioned, the methods of the present invention are directed toward adding
a replenisher composition to a pretreatment composition. As used herein, the term
"pretreatment composition" refers to a composition that upon contact with a substrate, reacts
with and chemically alters the substrate surface and binds to it to form a protective layer.
[0036] In certain embodiments, the pretreatment composition of the methods of the
present invention comprises water and (i) a dissolved complex metal fluoride ion wherein the
metal ion comprises a Group IIIA metal, Group IVA metal, Group IVB metal, Group VB
metal or combinations thereof.

[0037] The dissolved complex metal fluoride ion (i) of the pretreatment composition
may be any of those described above related to the optional dissolved complex metal fluoride
ion (b) of the replenisher composition. In certain embodiments, the dissolved complex metal
fluoride ion (i) of the pretreatment composition is different from the optional dissolved
complex metal fluoride ion (b) of the replenisher composition. In other embodiments, the
dissolved complex metal fluoride ion (i) of the pretreatment composition is the same as the
optional dissolved complex metal fluoride ion (b) of the replenisher composition.

[0038] In certain embodiments, the metal ion of the optional dissolved complex metal
fluoride ion (b) of the pretreatment composition comprises titanium, zirconium, hafnium,
silicon, germanium, tin, or combinations thereof. In certain embodiments, the dissolved
complex metal fluoride ion of component (i) of the pretreatment composition comprises

H,TiFs, HyZrFg, HoHIFs, HoSiFs, HyGeFg, HaSnFs, or combinations thereof.
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[0039] In certain embodiments, the dissolved complex metal fluoride ion (i) is present
in the pretreatment composition in an amount to provide a concentration of from 10 ppm
("parts per million") to 250 ppm metal ions (measured as elemental metal), such as from 30
ppm to 200 ppm metal ions, such as from 150 ppm to 200 ppm metal ions in the pretreatment
composition.

[0040] In certain embodiments, the pretreatment composition may, optionaily, further
comprise (ii) a dissolved metal ion comprising a Group IB metal, Group IIB metal, Group
VIIB metal, Group VIII metal, Lanthanide Series metal, or combinations thereof. The
dissolved metal ion (ii) of the pretreatment composition, if used, may be any of those
described above related to the optional dissolved metal ion (d) of the replenisher composition.
In certain embodiments, the dissolved metal ion (ii) of the pretreatment composition is
different from the optional dissolved metal ion (d) of the replenisher composition. In other
embodiments, the dissolved metal ion (ii) of the pretreatment composition is the same as the .
optional dissolved metal ion (d) of the replenisher composition.

[0041] In some embodiments, if the pretreatment composition comprises the
dissolved metal ion of component (ii), then the replenisher composition will comprise the
optional dissolved metal ion of component (d). Alternatively, in some embodiments, if the
pretreatment composition does not comprise the dissolved metal ion of component (ii), then
the replenisher composition may or may not comprise the optional dissolved metal ion of
component (d).

[0042] | In certain embodiments, the dissolved metal ion (ii) of the pretreatment
composition comprises manganese, cerium, cobalt, copper, zinc, or combinations thereof.
Suitable compounds include, but are not limited to, ferrous phosphate, ferrous nitrate, ferrous
sulfate, copper nitrate, copper sulfate, copper chloride, copper sulfamate, zinc nitrate, zinc
sulfate, zinc chloride, zinc sulfamate, and the like.

[0043] In certain embodiments, the dissolved metal ion (ii) is present in the
pretreatment composition in an amount to provide a concentration of from 5 ppm to 200 ppm
metal ions (measured as elemental metal), such as from 10 ppm to 100 ppm metal ions in the
pretreatment composition.

[0044) As mentioned, the pretreatment composition also comprises water. Water may
be present in the pretreatment composition at any appropriate amount to provide the desired

concentration of other ingredients.
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[0045] In certain embodiments, the pretreatment composition comprises materials
which are present to adjust pH. In certain embodiments, the pH of the pretreatment
composition ranges from 2.0 to 7.0, such as from 3.5 to 6.0. The pH of the pretreatment
composition described here relates to the pH of the composition prior to contacting the
pretreatment composition with a substrate during the pretreatment process. The pH of the
pretreatment composition may be adjusted using, for example, any acid or base as is
necessary. In certain embodiments, the pH of the pretreatment composition is maintained
through inclusion of a basic material, including water soluble and/or water dispersible bases,
such as sodium hydroxide, sodium carbonate, potassium hydroxide, ammonium hydroxide,
ammonia, and/or amines such as triethylamine, methylethyl amine, or combinations thereof
[0046] The pretreatment composition may optionally contain other materials,
including but not limited to nonionic surfactants, water dispersible organic solvents,
defoamers, wetting agents, fillers, and resinous binders.

[0047] Suitable water dispersible organic solvents and their amounts are described in
U.S. Patent Application Pub. No. 2009/0032144A1, paragraph [0039], the cited portion
being incorporated herein by reference. In other embodiments, the pretreatment composition
is substantially free or, in some cases, completely free of any water dispersible organic
solvents.

[0048] Suitable resinous binders, as well as their weight percents, which may be used
in connection with the pretreatment composition disclosed herein are described in U.S.
Patent Application Pub. No. 2009/0032144A1, paragraph [0036] through paragraph [0038],
the cited portion being incorporated herein by reference.

[0049] Suitable fillers that may be used in connection with the pretreatment
composition disclosed herein are described in U.S.  Patent Application Pub. No.
2009/0032144A1, paragrdph [0042], the cited portion being incorporated herein by reference.
In other embodiments, the pretreatment composition is substantially free or, in some cases,
completely free of any filler.

[0050] In certain embodiments, the pretreatment composition also comprises a
reaction accelerator, such as nitrite ions, nitrate ions, nitro-group containing compounds,
hydroxylamine sulfate, persulfate ions, sulfite ions, hyposulfite ions, peroxides, iron (III) ions,
citric acid iron compounds, bromate ions, perchlorate ions, chlorate ions, chlorite ions as well
as ascorbic acid, citric acid, tartaric acid, malonic acid, succinic acid and salts thereof.

Specific examples of such materials, as well as their amounts in the pretreatment
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composition, are described in U.S. Patent Application Pub. No. 2009/0032144A1 at
paragraph [0041] and in U.S. Patent Application Pub. No. 2004/0163736, paragraph [0032]
through paragraph [0041], the cited portions being incorporated herein by reference. In other
embodiments, the pretreatment composition is substantially free or, in some cases, completely
free of a reaction accelerator.

[0051] In certain embodiments, the pretreatment composition also comprises
phosphate ions. Suitable materials and their amounts are described in U.S. Patent
Application Pub. No. 2009/0032144A1 at paragraph [0043], incorporated herein by reference.
In certain embodiments, however, the pretreatment composition is substantially or, in some
cases, completely free of phosphate ion. As used herein, the term "substantially free" when
used in reference to the absence of phosphate ion in the pretreatment composition, means that
phosphate ion is present in the composition in an amount less than 10 ppm. As used herein,
the term "completely free", when used with reference to the absence of phosphate ions, means
that there are no phosphate ions in the composition at all.

[0052] In certain embodiments, the pretreatment composition is substantially or, in
some cases, completely free of chromate and/or heavy metal phosphate, such as zinc
phosphate.

[0053] As would be recognized in the art, parameters of a pretreatment composition
other than concentration of metal ions as described above may be monitored during the
pretreatment process, including for example pH and concentration of reaction products. As
used herein, the term "reaction products" refers to soluble and/or insoluble substances that are
formed during deposition of a pretreatment composition onto a substrate and from materials
added to the pretreatment composition to control bath parameters, including the replenisher
composition, and does not include the pretreatment film formed on the substrate. If any of
these parameters fall outside of a desired concentration range, the effectiveness of depositing
a metal compound onto a substrate can be impacted. For example, the pH of the pretreatment
composition may decrease over time (e.g., become too acidic) which can impact the
effectiveness of depositing metal compound onto the substrate.

[0054] Similarly, an increased concentration of reaction products present in a
pretreatment composition can also interfere with proper formation of the pretreatment coating
onto a substrate which can lead to poor properties, including corrosion resistance. For
example, in some cases, as a metal compound is deposited onto a substrate's surface, fluoride

ions associated with the metal compound can become dissociated from the metal compound
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and released into the pretreatment composition as free fluoride, and if left unchecked, will
increase with time. As used herein, “free fluoride” refers to isolated fluoride ions that are no
longer complexed and/or chemically associated with a metal ion and/or hydrogen ion, but
rather independently exist in the bath. As used herein, ‘“total fluoride” refers to the combined
amount of free fluoride and fluoride that is complexed and/or chemically associated with a
metal ion and/or hydrogen ion, i.e., fluoride which is not free fluoride. As will be appreciated
by those skilled in the art, any suitable method for determining the concentration of free
fluoride and total fluoride may be used, including for example, ion selective electrode
analysis (ISE) using a calibrated meter capable of such measurements, such as an Accumet
XR15 meter with an Orion lonplus Sure-Flow Fluoride Combination electrode (available
from Fisher Scientific).

[0055] In certain embodiments, the initial concentration of free fluoride of the
pretreatment composition ranges from 10 to 200 ppm. In other embodiments, the initial
concentration of free fluoride of the pretreatment composition ranges from 20 to 150 ppm.
[0056] In certain embodiments, a pH controller may be added to the pretreatment
composition in addition to the replenisher composition to achieve a desired pH. Any suitable
pH controller commonly known in the art may be used, including for example, any acid or
base as is necessary. Suitable acids include, but are not limited to, sulfuric acid and nitric
acid. Suitable water soluble and/or water dispersible bases include, but are not limited to,
sodium hydroxide, sodium carbonate, potassium hydroxide, ammonium hydroxide, ammonia,
and/or amines such as triethylamine, methylethyl amine, or combinations thereof. In certain
embodiments, a pH controller may be added to the pretreatment composition during the
pretreatment process to adjust the pH of the pretreatment composition to a pH of 6.0 or
below, such as a pH of 5.5 or below, such as a pH 61’ 5.0 or below. In other embodiments, the
pH controller may be added to adjust the pH to a level of from 4.0 to 5.0, such as from 4.6 to
4.8.

[0057] In certain embodiments, the addition of the replenisher composition may
maintain the pH of the pretreatment composition thereby reducing and/or eliminating the
amount of pH controller that is added during the pretreatment process. In certain
embodiments, addition of the replenisher composition results in addition of a pH controller at
a lesser frequency during the pretreatment process. That is, addition of a pH controller to the
pretreatment composition occurs a lesser number of times, compared to methods other than

the present invention. In other embodiments, addition of the replenisher composition results
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in a lesser amount of a pH controller that is added to the pretreatment composition during the
pretreatment process compared to the amount of a pH controller that is added according to
methods other than the methods of the present invention.

[0058] In certain embodiments, the level of reaction product may be controlled
through an overflow method, as would be recognized by those skilled in the art, in addition to
the addition of the replenisher composition. In other embodiments, a reaction product
scavenger may be added to the pretreatment composition in addition to the replenisher
composition. As used herein, a "reaction product scavenger" refers to a material that, when
added to a pretreatment composition during the pretreatment process, complexes with
reaction products, for example free fluoride, present in the pretreatment composition, to
remove the reaction products from the composition. Any suitable reaction product scavenger
commonly known in the art may be used. Suitable reaction product scavengers include, but
are not limited to, those described in U.S. Patent Application Pub. No. 2009/0032144A1,
paragraphs [0032] through [0034], incorporated herein by reference.

[0059] In certain embodiments, the addition of the replenisher composition may result
in lower concentrations of reaction products during the pretreatment process thereby reducing
and/or eliminating the amount of a reaction product scavenger that is added to a pretreatment
composition during the pretreatment process. In some embodiments, it is believed that
because the concentration of reaction products is lower as a result of addition of the
replenisher composition, the level of sludge which may build during the pretreatment process
is reduced and/or eliminated, although the inventors do not wish to be bound by any particular
theory.

[0060] In certain embodiments, addition of thc replenisher composition results in
addition of a reaction product scavenger at a lesser frequency during the pretreatment process.
That is, addition of a reaction product scavenger to the pretreatment composition occurs a
lesser number of times, compared to methods other than the methods of the present invention.
In other embodiments, addition of the replenisher composition results in a lesser amount of a
reaction product scavenger that is added to the pretreatment composition during the
pretreatment process compared to the amount of a reaction product scavenger that is added
according to methods other than the methods of the present invention.

[0061] In certain embodiments, the present invention is directed toward a method of
replenishing a pretreatment composition comprising: (I) adding a replenisher composition to

the pretreatment composition, wherein the replenisher composition comprises (a) a zirconium
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complex and may, optionally, further comprise one or more of (b) a dissolved complex metal
fluoride ion wherein the metal ion comprises a Group IIIA metal, Group IVA metal, Group
IVB metal, or combinations thereof; (¢) a component comprising an oxide, hydroxide, or
carbonate of Group IIIA, Group IVA, Group IVB metals or combinations thereof; and (d) a
dissolved metal ion comprising a Group IB metal, Group IIB metal, Group VIIB metal, Group
VIII metal, Lanthanide Series metal, or combinations thereof; and wherein the pretreatment
composition comprises: (i) a dissolved metal ion comprising a Group IB metal, Group IIB
metal, Group VIIB metal, Group VIII metal, Lanthanide Series metal, or combinations
thereof; (ii) a dissolved complex metal fluoride ion wherein the metal atom comprises a
Group IITA metal, Group IVA metal, Group IVB metal, Group VB metal, or combinations
thereof; and water; and (II) agitating the blend of replenisher composition and pretreatment
composition.

[0062] In certain embodiments, the present invention is directed toward a method of
replenishing a pretreatment composition comprising: (I) adding a replenisher composition to
the pretreatment composition, wherein the replenisher composition comprises a) a zirconium
complex and may, optionally, further comprise one or more of (b) a dissolved complex metal
fluoride ion wherein the metal ion comprises a Group IIIA metal, Group IVA metal, Group
IVB metal, or combinations thereof; (c) a component comprising an oxide, hydroxide, or
carbonate of Group IITA, Group IVA, Group IVB metals or combinations thereof; and (d) a
dissolved metal ion comprising a Group IB metal, Group IIB metal, Group VIIB metal, Group
VIII metal, Lanthanide Series metal, or combinations thereof; and wherein the pretreatment
composition comprises: (i) a dissolved metal ion comprising a Group IB metal, Group [IB
metal, Group VIIB metal, Group VIII metal; a Lanthanide Series metal, or combinations
thereot; and water; and (II) agitating the blend of replenisher composition and pretreatment
composition.

[0063] In certain embodiments, the pretreatment composition replenished by the
replenisher composition according to the methods of the present invention may be applied to
a metal substrate. Suitable metal substrates for use in the present invention include those that
are often used in the assembly of automotive bodies, automotive parts, and other articles, such
as small metal parts, including fasteners, i.e., nuts, bolts, screws, pins, nails, clips, buttons,
and the like. Specific examples of suitable metal substrates include, but are not limited to,
cold rolled steel, hot rolled steel, steel coated with zinc metal, zinc compounds, or zinc alloys,

such as electrogalvanized steel, hot-dipped galvanized steel, galvannealed steel, and steel
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plated with zinc alloy. Also, aluminum alloys, aluminum plated steel and aluminum alloy
plated steel substrates may be used. Other suitable non-ferrous metals include copper and
magnesium, as well as alloys of these materials. Moreover, the metal substrate may be a cut
edge of a substrate that is otherwise treated and/or coated over the rest of its surface. The
metal substrate may be in the form of, for example, a sheet of metal or a fabricated part.
[0064] The substrate may first be cleaned to remove grease, dirt, or other extraneous
matter. This is often done by employing mild or strong alkaline cleaners, such as are
commercially available and conventionally used in metal pretreatment processes. Examples
of alkaline cleaners suitable for use in the present invention include CHEMKLEEN 163,
CHEMKLEEN 177, and CHEMKLEEN 490MX, each of which are commercially available
from PPG Industries, Inc. Such cleaners are often followed and/or preceded by a water rinse.
[0065] In certain embodiments, the pretreatment composition replenished according
to the methods of the present invention may be brought into contact with the substrate by any
of known techniques, such as dipping or immersion, spraying, intermittent spraying, dipping
followed by spraying, spraying followed by dipping, brushing, or roll-coating. In certain
embodiments, the pretreatment composition when applied to the metal substrate is at a
temperature ranging from 50 to 150°F (10 to 65°C). The contact time is often from 10
seconds to five minutes, such as 30 seconds to 2 minutes.

[0066] In certain embodiments, the applied metal ion of the pretreatment coating
composition generally ranges from 1 to 1000 milligrams per square meter (mg/m?), such as
10 to 400 mg/m®. The thickness of the pretreatment coating can vary, but it is generally very
thin, often having a thickness of less than 1 micrometer, in some cases it is from 1 to 500
nanometers, and, in yet other cases, it is 10 to 300 nanometers.

[0067] Following contact with the pretreatment solution, the substrate may be rinsed
with water and dried.

[0068] In certain embodiments, after the substrate is contacted with the pretreatment
composition which has been replenished according to the methods of the present invention, it
is then contacted with a coating composition comprising a film-forming resin. Any suitable
technique may be used to contact the substrate with such a coating composition, including,
for example, brushing, dipping, flow coating, spraying and the like. In certain embodiments,
such contacting comprises an electrocoating step wherein an electrodepositable composition

is deposited onto the metal substrate by electrodeposition.
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[0069] As used herein, the term "film-forming resin" refers to resins that can form a
self-supporting continuous film on at least a horizontal surface of a substrate upon removal of
any diluents or carriers present in the composition or upon curing at ambient or elevated
temperature. Conventional film-forming resins that may be used include, without limitation,
those typically used in automotive OEM coating compositions, automotive refinish coating
compositions, industrial coating compositions, architectural coating compositions, coil
coating compositions, and aerospace coating compositions, among others.

[0070] In certain embodiments, the coating composition comprises a thermosetting
film-forming resin. As used herein, the term "thermosetting" refers to resins that "set"
irreversibly upon curing or crosslinking, wherein the polymer chains of the polymeric
components are joined together by covalent bonds. This property is usually associated with a
cross-linking reaction of the composition constituents often induced, for example, by heat or
radiation. Curing or crosslinking reactions also may be carried out under ambient conditions.
Once cured or crosslinked, a thermosetting resin will not melt upon the application of heat
and is insoluble in solvents. In other embodiments, the coating composition comprises a
thermoplastic film-forming resin. As used herein, the term "thermoplastic" refers to resins
that comprise polymeric components that are not joined by covalent bonds and thereby can
undergo liquid flow upon heating and are soluble in solvents.

[0071] As previously mentioned, the substrate may be contacted with a coating
composition comprising a film-forming resin by an electrocoating step wherein an
electrodepositable coating is deposited onto the metal substrate by electrodeposition. Suitable
electrodepositable coating compositions include those described in U.S. Patent Application
Pub. No. 2009/0032144A1, paragraph [0051] through paragraph [0082], the cited portion of
which being incorporated herein by reference.

[0072] Ilustrating the invention are the following examples that are not to be
considered as limiting the invention to their details. All parts and percentages in the

examples, as well as throughout the specification, are by weight unless otherwise indicated.

16



WO 2013/126632 PCT/US2013/027225

EXAMPLES

Example 1
[0073] A replenisher composition was prepared as follows. The amount of each of

the ingredients present in the replenisher composition of Example 1 is reflected in Table 1

below. Each of the percentages is expressed by weight.

TABLE 1
Hexafluorozirconic acid, 45% (available from Honeywell) 5.6%
Zirconium basic carbonate (available from Blue Line Corporation) 1.3%
Copper nitrate solution, 18% copper (available from Shepherd 1.8%
Chemical)
Deionized water balance
[0074] The following materials were used:

- CHEMFIL BUFFER, alkaline buffer solution commercially available from
PPG Industries, Inc.

- CHEMKLEEN 166HP, alkaline cleaning product commercially available from
PPG Industries, Inc.

- CHEMKLEEN 171A, alkaline cleaning product commercially available from
PPG Industries, Inc.

- ZIRCOBOND CONTROL #4, commercially available from PPG Industries,
Inc.

- ZIRCOBOND R1, replenisher commercially available from PPG Industries,

Inc.

[0075] A fresh zirconium pretreatment bath was prepared using 0.88 grams per liter of
hexatluorozirconic acid (45%) and 1.08 grams per liter of a copper nitrate solution
(concentration 2% copper by weight). The remainder of the bath was deionized water. The
pH of the bath was adjusted to approximately 4.5 with CHEMFIL BUFFER.

[0076] Two 3.7 liter aliquots of the above pretreatment bath were tested as follows,
one with ZIRCOBOND R1 and the other with the replenisher composition of Example 1. To

test each of the replenishers, panels were pretreated in 3.7 liters of the pretreatment bath
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previously described to deplete it, and then each bath was adjusted using the appropriate
replenisher.

[0077]‘ The initial levels of zirconium and free fluoride were measured in each bath.
The level of zirconium was measured by x-rite fluorescence. The initial zirconium level of
the bath to be replenished with ZIRCOBOND R1 was approximately 187 ppm (measured as
elemental metal). The initial zirconium level of the bath to be replenished with the
replenisher composition of Example 1 was approximately 183 ppm (measured as elemental
metal).

[0078] The initial free fluoride of each of the baths was measured by ion selective
electrode (ISE) analysis using a calibrated Accumet XR15 meter with an Orion Ionplus Sure-
Flow Fluoride Combination electrode (model # 960900) (available from Fisher Scientific)
using the following method. The meter was calibrated using fluoride calibration standards
mixed with a buffer which were prepared as follows; fifty (50) milliliters of 10% trisodium
citrate buffer solution was added to each two (2) milliliter sample of 100 mg/L, 300 mg/L. and
1,000 mg/L fluoride standard. To measure free fluoride, a neat sample to be analyzed (i.e.,
without buffer) was added to a clean beaker, and the Accumet XR15 meter probe was placed
into the sample. Once the reading stabilized, the value was recorded. This value was divided
by twenty-six (26) to arrive at the concentration of free fluoride. The initial free fluoride of
the baths was approximately 21 to 22 ppm.

[0079] Panels were prepared for processing through the baths as follows. The panels
were cleaned for two (2) minutes by spray application in a 2% v/v solution of CHEMKLEEN
166HP with 0.2% CHEMKLEEN 171A added. The panels were rinsed by immersing for
approximately ten (10) seconds into deionized water, followed by an approximately ten (10)
second spray with deionized water.

[0080] A group of twenty (20) 4 x 6” panels were processed through each bath, the
selection of panels consisted of: one (1) panel of aluminum (6111 T43); one (1) panel of cold
rolled steel; two (2) hot dipped galvanized steel panels; and sixteen (16) electrogalvanized
steel panels. The panels were immersed into the pretreatment bath for two (2) minutes at
approximately 80°F (28°C), with mild agitation. Next, the panels were rinsed with an
approximately 10 — 15 second spray with deionized water, and dried with a warm air blow-

off.
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[0081] After processing the first group of 20 panels through the bath, each of the
pretreatment baths was measured for zirconium level, pH, and fluoride level using the
methods described above.

[0082] Based on these measurements, ZIRCOBOND R1 and the replenisher
composition of Example 1 was added to each respective bath to adjust the zirconium level of
the bath back to the starting Valué. Adjustments to bring the pH within the range of 4.4 - 4.8
and free fluoride level within the range of from 40-70 ppm were also made, if any adjustment
was necessary. The pH was adjusted (if necessary) by adding CHEMFIL BUFFER to each of
the baths. Free fluoride was adjusted (if necessary) by adding ZIRCOBOND CONTROL #4
to each of the baths.

[0083] The bath depletion and replenishment process described above was continued
in 20 panel groupings until a total of 300 panels had been treated in each bath. The amounts
of ZIRCOBOND R1 and replenisher composition of Example 1, CHEMFIL BUFFER, and
ZIRCOBOND CONTROL #4 added to each of the baths were recorded. Any sludge that

formed in the baths was also collected and measured. The results are shown in Table 2

below:
TABLE2
Bath Chemical Usage (grams) Sludge
Replenisher
Buffer #4 (grams)
ZIRCOBOND R1 543 ¢ 748 878 16¢
Example 1 489 g 34¢g 3.1g 09¢g
Example 2
[0084] - A replenisher composition was prepared as follows. The amount of each of

the ingredients present in the replenisher composition of Example 1 is reflected in Table 1
below. Each of the percentages is expressed by weight. The amount of methanesulfonic acid
present is enough to give a stoichiometric ratio of 4:1 to the zirconium provided by the

zirconium basic carbonate.
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TABLE 3
Hexafluorozirconic acid, 45% (available from Honeywell) 17.58%
Zirconium basic carbonate (available from Blue Line Corporation) 5.86%
Methanesulfonic acid (available from Sigma-Aldrich Company) 7.42%
Copper nitrate solution, 18% copper (available from Shepherd
_ 7.6%

Chemical)

Deionized water balance

[0085] In addition to the above-mentioned materials used in Example 1, the following

materials were used:
- ZIRCOBOND ZRF, a zirconium pretreatment make-up product commercially
available from PPG Industries, Inc.
- CHEMKLEEN 2010LP, alkaline cleaning product commercially available
from PPG Industries, Inc. |
- CHEMKLEEN 181ALP, alkaline cleaning product commercially available

from PPG Industries, Inc.

[0086] A fresh zirconium pretreatment bath was prepared using 10.04 grams per liter
of ZIRCOBOND ZRF in deionized water. The pH of the bath was adjusted to approximately
4.5 with CHEMFIL BUFFER.

[0087] A four liter aliquot of the pretreatment bath was tested as follows: Panels were
pretreated in the pretreatment bath to deplete it, as in Example 1, and then the bath was
adjusted using the replenisher described in Table 2.

[0088] The initial levels of zirconium and free fluoride were measured in the bath as
described in Example 1. The level of zirconium was measured at 186 ppm (measured as
elemental metal. The initial free [luoride was measured at 128 ppm.

[0089] Panels were prepared for processing through the bath in a similar fashion to
Example 1, as follows. The panels were cleaned for two (2) minutes by spray application in a
1.25% v/v solution of CHEMKLEEN 2010LP with 0.125% CHEMKLEEN 181ALP added.
The panels were rinsed by immersing for approximately ten (10) seconds into deionized
water, followed by an approximately ten (10) second spray with deionized water.

[0090] A group of panels was then processed through the bath. The group consisted
of the following: eight 4” x 12” hot dipped galvanized panels; two 4” x 6” hot dipped
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galvanized panels; one 4” x 6” panel of aluminum (6111 T43); and one 4” x 6” panel of cold
rolled steel. The amount of surface area in this group was identical to the panel groups from
Example 1; the ratio of zin-coated (galvanized) to cold rolled steel to aluminum was also the
same, except that in this Example the galvanized metal consisted entirely of hot dipped
galvanized panels. The panels were immersed into the pretreatment bath for two (2) minutes
at approximately 73°F (23°C), with mild agitation. Next, the panels were rinsed with an
approximately 10 — 15 second spray with deionized water, and dried with a warm air blow-
off.

[0091] After processing the first group of 20 panels through the bath, each of the
pretreatment baths was measured for zirconium level, pH, and fluoride level using the
methods previously described. '

[0092] Based on these measurements, the replenisher composition of Example 2 was
added to the bath to adjust the zirconium level of the bath back to the starting value.
Adjustments to bring the pH within the range of 4.5 - 4.8 and free fluoride level within the
range of from 100-160 ppm were also made, if any adjustment was necessary. The pH was
adjusted (if necessary) by adding CHEMFIL BUFFER to the bath. Free fluoride was adjusted
(if necessary) by adding ZIRCOBOND CONTROL #4 to the bath.

[0093] The bath depletion and replenishment process described above was continued
in the described panel grouping until a surface area equivalent to 320 4” x 6” panels or 160 4”
x 12” panels (i.e., 16 groups of panels) had been treated in the bath. The amounts of
replenisher composition of Example 2, CHEMFIL BUFFER, and ZIRCOBOND CONTROL

#4 added (o the bath was recorded. The results are shown in Table 4 below:

TABLE 4
Bath Chemical Usage (grams)
Replenisher
Composition Replenisher Chemfil Zircobond Control
Buffer #4
Example 2 1792 ¢ 22¢g 481l¢g
[0094] The amount of chemical necessary to remove excess free fluoride and maintain

the free fluoride at the starting level was thus significantly less than the ZIRCOBOND R1 as

described in Example 1, even though the amount of metal treated was slightly higher.
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[0095] Whereas particular embodiments of this invention have been described above
for purposes of illustration, it will be evident to those skilled in the art that numerous
variations of the details of the present invention may be made without departing from the

invention as defined in the appended claims.
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WE CLAIM:
1. A method of replenishing a pretreatment composition comprising:
adding a replenisher composition to the pretreatment composition, wherein the

replenisher composition comprises a zirconium complex.

2. The method of Claim 1, wherein the zirconium complex comprises zirconium

methanesulphonic acid.

3. The method of claim 1, wherein the replenisher composition further comprises a
dissolved complex metal fluoride ion wherein the metal ion comprises a Group IIIA metal,

Group IVA metal, Group IVB metal, or combinations thereof.

4. The method of Claim 3, wherein the dissolved complex metal fluoride ion of the
replenisher composition comprises H,TiFs, HoZrFs, HoHfFs, HySiFs, HyGeFs, HoSnF, or

combinations thereof.

5. The method of Claim 3, wherein the metal of the dissolved complex metal {luoride
ion comprises titanium, zirconium, hafnium, aluminum, silicon, germanium, tin, or

combinations thereof.

6. The method of claim 1, wherein the replenisher composition further comprises a
component comprising an oxide, hydroxide, carbonate of Group HIA metals, Group IVA

metals, Group IVB metals, or combinations thereof.

7. The method of Claim 6, wherein the component comprising an oxide, hydroxide,
carbonate of Group IIIA metals, Group IVA metals, Group IVB metals, or combinations

thereof comprises a zirconyl compound.
8. The method of Claim 7, wherein the zirconyl compound comprises zirconyl nitrate,

zirconyl acetate, zirconyl carbonate, protonated zirconium basic carbonate, zirconyl sulfate,

zirconyl chloride, zirconyl iodide, zirconyl bromide, or combinations thereof.
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9. The method of claim 1, wherein the replenisher composition further comprises:

a dissolved complex metal fluoride ion wherein the metal ion comprises a Group IIIA
metal, Group IVA metal, Group IVB metal, or combinations thereof: and

a component comprising an oxide, hydroxide, carbonate of Group IIIA metals, Group

IVA metals, Group IVB metals, or combinations thereof.

10. The method of Claim 1, wherein the replenisher composition further comprises:
a dissolved metal ion comprising a Group IB metal, Group IIB metal, Group VIIB

metal, Group VIII metal, Lanthanide Series metal, or combinations thereof.

11.  The method of Claim 10, wherein the dissolved metal ion comprising a Group IB
metal, Group IIB metal, Group VIIB metal, Group VIII metal, Lanthanide Series metal, or
combinations thereof comprises manganese, cerium, cobalt, copper, zinc, or combinations

thereof.

12, The method of Claim 6, wherein the replenisher composition further comprises:
a dissolved metal ion comprising a Group IB metal, Group IIB metal, Group VIIB

metal, Group VIII metal, Lanthanide Series metal, or combinations thereof

13.  The method of Claim 12, wherein the dissolved metal ion comprising a Group IB
metal, Group IIB metal, Group VIIB metal, Group VIII metal, Lanthanide Series metal, or
combinations thereof comprises manganese, cerium, cobalt, copper, zinc, or combinations

thereof.

14.  The method of Claim 1, wherien the replenisher composition is added to the
pretreatment composition in an amount sufficient to maintain the total metal ion content of

the pretreatment composition to between 10 ppm and 250 ppm.
15. The method of Claim 9, wherein the replenisher composition further comprises:

a dissolved metal ion comprising a Group IB metal, Group IIB metal, Group VIIB

metal, Group VIII metal, Lanthanide Series metal, or combinations thereof.

24



WO 2013/126632 PCT/US2013/027225

16.  The method of Claim 15, wherein the dissolved metal ion comprising a Group IB
metal, Group IIB metal, Group VIIB metal, Group VIII metal, Lanthanide Series metal, or
combinations thereof comprises manganese, cerium, cobalt, copper, zinc, or combinations

thereof.

17.  The method of Claim 1 further comprising agitating the replenisher composition and

pretreatment composition
18. A replenished pretreatment composition according to Claim 1

19. A method for treating a substrate comprising contacting the substrate with the

replenished pretreatment composition of Claim 18.

20. A treated substrate formed in accordance with the method of Claim 19.
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1. —FhbETCEA AR E AT

AN ERASYIMNZTU RS YT, BRZHRAAE VB EEESY.

2. BRER 1 757, iz g E R P,

3. WREESR 1 5, HR S RRA Y — S A EEMNEEY LR R
F o HTESBEETARE 1A KSR VAKEESR. VB EESRBEHLHAS.

4 RFIER S, HP N ERASYNBERBNESDERFNDE FORE
H,TiFgs HyZrFg. HHEF H,SiFs HyGeFg H,SnF B0 44

5. WAER 3 7, P iZAMNSEYERRMYBETHEBAMK.E 6B,
B GERERAS, :

6. AURIESK 1 RTEE, HPiah ARG S - SR AR ENE S, ZASTEE T1IA

H&B. VA IRER . IVB IREBHEAY BR8N KR ERELAS.

7. BURIESR 6 (77, HRZAE 11TA KSR, VA KERE. VB REBHMENY) &
S R B RS NAS BREEENEY.

8. WFIER 7 7%, P RS R L S D EEHBRAY . CRAR RIREME T
W TR R R T R 4 AL L A LRI B B B e .

9. ARTER 1| W5k, Pz RHAGDiE—LE8T

RS S S BREMAYE T, HhZ4 B TaE IIIA KER. VA KSR . 1VB &
SREREERAE

A4 1TIA RSB IVA SR  IVB k& B ALY B ENY) RIR S alE KA A& A
4% o

10. BUFIER 1 K776, P iz nfag eyt —2a88

BRRHSEET, £A45 IB KSR IIBESRE . VIIBRER. VI KSR WASRE
HERAE. :

11, BRI 10 73, KR8 BREE. IIBKRERE. VIIBK&RE. VIII ke
B CHASBEDE RASHERN SRS TS A A R LA

12, WFIESR 6 B4, HP iz AmFd eyt —2a848 .

BN ERET, L6048 BiESE. [IBREBE VIIBELRE. VI EER WAER
HEHAE.

13, KA ESR 12 7, EPEAS BHESRE. LIBKRERE. VIIBIKERE. VI Rke
B HALBERNERASKBRNERE TORE. 5.6 0 FEEHAE.

14. WFER 1 7, BPBZARFASYURENENATLEA Y+, ZE
ELSTEA SN &R T & ERFFR 10ppn-250ppm.

15. WRER 9 M7, HR iz RmRNAEwE—PaS -

BWHRNESBET, £64 BESRE. IBESRE VIBELZRE VI EERE HEAERE
HERAA.

16. BFER 15 (7, HhiZaE B ESRE. 1IB k&R VIIBIKERE. VI &E
BASRREHASHBENERE TRRE 5 4 9. FaEEAs.

17. RFER 1 1757, i — S BRI RHE DMt EASY.

18. MRI/IH)ER 1 MM T A EY)
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#FELR A AP FEFAALIRE S MR T A

[0001] AN BHRIAHKBIE
[0002] 7k EiE & 2009 4E 10 3 8 HIRATH #iE £ 41 No. 12/575731 (BREERY 2011 4F 4 H
14 B /AL E B ) A IF No. 2011/0083580A1) HIHI4r k&L HE

% B4R

[0003] ZKBEW BANRAS WA R B EASHHTTIE.

fooo4] ERER

[0005]  7£4 B30T b A% FRAR P 4 2 SR 5o i FE5 o M R0 e 2 B R R < R A A0
NS o 7 0 A T P R b FRAL TR R A & A TRA 5 G JB A R 48 1o SRR R i
M. (B8R, {F AR A/ SNSRI A S Y S T IR R R R, R,
BT R T REBLA / BB TGEASY. SENASYERETHFERE
W), oAy R SEM BT R NG SR T L REMRTE.

[0006] 78 BAAY M TRALTE 7 vt AR b, ML A A W5 EM B R, L Bl AL
ALY PSS BETESIEMERE LREAEPUE &R, 28YhlEs ik
BELYE TR AT AR b . BRIk, 4 A S R SR A — PR A I e YA FE AL B AL
SR TTE, AN T Tkb I8 4041 B EE B ) )

EHAR
[0007] ZEELM6T5TE, A% Wi R — R R AL B E AW 7 i3, RE ¥ RFHEY
MAETEASYF, BhiZRFIH D EsEaY.

BRLiEA R

[0008] £ i i B A SE W 75 3R AR, I 24 AR A 5% B AT LA T AN IR ) T A 8 B AR AL RD IR
W, R T E BRI R Ao At R T AT R 1R SEHEHIERE 58 TR ZALSh, /o
{51 334, B 5 UL T s o T PO B BB B A B AR N AE R T L R R TR
“OPMBTERT. BRI, MR EE AR I KT , 75 JU) T T A 158 B 300 B oA ) 22 R v D B A
SRR, T LURYE A & 8157 3 SRR BB R MR TR AL . BiBAD, RIS ARIT RAX
FE 400 8013 R s AR R B SR (9 T, 8N P B U S 2B b R TR 5 O 2 O S
0B LA B B IR I ANEACRAERE o

[0009]  HLARIE B A % B %5 3 BB (0 5 2 VO B AN S ORI A, 4B R AE B AR SE R P BT i
(IS R R T B TSR A5 B . (BRAT AT EEA R LB E T BN B KRR &7
RIBRHEIRZE T AR TE IR IR

[0010)  [FIKE, RY 4B ARIX B BT AT AL TE B MR EEL T HA N2 A TR,
BlnEE“ 1-10” B R AEEFRE/ME | FPTRMEKE 10 2@ GFEEL) K2
TV, B, AF R DMESTFHRERT 1 FERESTHENT 10

[0011]  ZEAHRIE, AR A AR S HCNA & BN B4 BRAERE HRAE. 55,
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FEABRIES, T “BE” KR/ B, BRAE T B EUE . B8 78 5L 1 =P AT LLBR 43
He“xn/ ai”,

[0012]  {EAULAMERN, BRAEFERR, TNBALARE" R AEVEE< L EE%. )
W<O0.8FEEXHE<O0.5ER %A <O0.05ER %A <0.005 EE %K EAMEL (F
WAHNER, HE% ), BT ZHEYNEER.

[0013]  1EAMAGEAE, RIEFFIER “TEAT"RREAEGMACE BRARMEL (Bl
BHEN, ERE) . B, ZAE5WEE 0 EE % MMM

[0014] TEMNEREMEEEFMNE&RERAIETE CAS LR B MR NIXFETE & Mk kL
JG#, W Handbook of Chemistry and Physics, 28 68 i (1987) H T/,

[0015]  LNATATIR, A K BRI LESE 7 R P KA R BEA S W 7, HEE KR
FIEEY AT EAEY T EAMFRK, REIAFNEEY” e R E T
ERREDMA BT A SRR B . EFRESEH TR, ZMARFNAEDERT 5TLE
HEWARELTT , BARIZEL T P F 284 73 7] UUAH R %0, B4R ZANFE R4 -G 9 Fr T AL 38
HEW —FHAT LAy BAE T BRARE S AR R R, (R ZAN R A S YR LA &)
ROIEH ST . BB UL, AR B TRAG B2 &) mT AEL B HoZeF,, T A K HR Y
HFAFVEEDEEELEY (A UIATFE T IGEA SYIRIEE T H ) LARAEER
& H,7rF.

(oo16]  JhAbh, AR AW KB BHIMATE Z KA EA SV R TLER (HESTLHE
HEY) ) R %A TR, CW AEEAATAEYIMATULEA S P, HpiZsb 75
HEWEH SR AESYARRNET » 40 L FTd, ST 7 29, LA ST
LA FE FUAL B B — R ER 2 AP 2 43 o

[0017]  FERLSLHHTRP, ARAFELETERANAFNAEDEE () BHEYW. EEKR
iR, B A B A, IR RENELY) B BE RS, SENESE
WAL &) B FETRER B 58 AL & W15 an s PP BE i iR o

[0018] TEFRLELHEAES, BRTHESBEY @) 24 ZARFNH S UEE R —F
A% b) BMNEEYVERFNDBEF HPZERETEE [IIAKER, VAKER,
VB k& RBEERAE. ZERBUUEFERERMY, HEEEan o NS Ta/K4EAE
YR, W ASURE AR N B AN IREE . Z & BT CLE S A & B B AR YR 4E, Flan
EMMAAHRIE ., ZEMNEEDERFUDET Ob) WERE FRBERADI&R
EMET LR ERENY. ARLLHER R, ZBBNSENERBFUIEFHERR
FEREEE .9, W, 8, 5%, 8, 8, 8. % A E4A5.

(0019]  WITAK, FB FHREBAEE XML EYEBRLDEF ©) P, RAFF1Z
SR EFEBBFTIIEHE . R DENBRECE IR E A . EENH T8
FEEANRT R, FEE SRRE. EREsDEy &9, ZBEMHMHSEYERRALY)
BT (b) BIEAERBIIFAYBREE HRIBMEE . EXLELH TR, ZEME %S YR
BT (b) &R U ARNDE —FRES G ATAEY. &EKEFEEEARR T #RE
BR, AL ER, KR, AN & B MR b, SRUEL BR 3h, UK ER 2L, WALES, UL Hh, FALEHY,
WALE, AL,

(0020] FER LT RF, ZAATAEVWNBEBROESDEEBRUDEFHS b) &

5



CN 104145045 A w B P 3/12

4 W,TiRgs HZrFgs HHEFG, HSiF,, HiGeFs, HySnFs B A&

[0021] ZERSESTHEA B, N RHASYHBRNE SN ERFNYETHSY ©b) =
Ll 1-25 EE%ABEEFHEEE TR RRASYT, ETEHRTAEVN SRR
FEE., EHEMBEETED, ZIARRASYHBEROEZEDEBRAYE TH 2L
-5 BEEY NS BET, Flin2-10 BEBE%NESRE TREEE T IZIRNASYF, ET
ZHRNASYHLERETHESR.

[0022] RRTHLEY (@) 240 EABFSEREEAS (b) MIFELLIET R, SR
AT LT R ITE— S A S () A4, HAE ITIAK, VAR, IVB & B ALY S5
WIS E R, ERAS. A5 (o) B LIIA KK, IVA Ik, IVB I&k& B &1 M6 T e fhE
AIRTFAE, 5, 40, 08, Tk, 48, 45, 40 4K, 4 . ERBSEHE A Rh, A (o) WERE T
LA, M 08, 48 T B, SR 4LE . TERABSERETT SR, A4 (o) B E IR, 2
WS, Eab s, S8 EEEHAS.

[0023]  ZEATAR B MLSEiE A R, 404y (o) BRI aY . 1FAIXEE XK, ks
WA eI B A A SAs S (Zr0) ALY . TERLSiE TR b, T A Y+ HHR
AL SR S T ERE RS (ZrO(NOy),) » ZIERESS (Zr0 (CH,0,) ,, BREREHE (ZrOCO,) , BT 4L
IR R R4S (Zr, (OH) ,C0,) , TRBR 4 4E (Zr0S0,) ,, EALE S (Zr0(CL),, ML &S (Zro (1),
VALE S (Zr0BY), BREHIREY.

[0024] AR EARUAN R HIA AW TE S L TR T RPN B TAL S-S W, SR sk 3
AR SR E T o BRI 0ppn( “4 / B ”)-250ppm &BE T (EATE TR
S E ), ) an Ak BE 48 4 ) 7R 30ppm-200ppm & /& BT, Bil4n 150 (150) ppm—200ppi ) 2
FoEHNXEE LN, ZEREFERESRGRBET, KR THAEA Y Pk B4 24
LA BB T2 A, Bk A TS SY (2), EEENPEENAS b /8 (.
(00251 [, Pl FHARNAEYWEESHEEREY ), MEHEFERKHAS (b) 3 (o
B, A B TR A S T HASHEEY (@) HATRAEY NS ERZHE, &, 4
RHBhRATESEY ) NHLEASYHNERSREE T - ENLERETE
B2 10ppn( “4 / T ”)-250pn & BE T (EATEERR), PlTLEASDT
30ppm-200ppm & JB B F, 5171 150 (150) ppm—200ppm & J& & F . A, EHFELE (b)
1/ () B, A FAL B 444 ORI S ) e BRI R, BIL #h R PR A
Famay ), A b) M/ ) MRLEASYPHHASBETNRERET
42 10ppm( “4y / BJT”)-250ppm & BE T (fEATEERE ), flanTieEAGYF
30ppm-200ppm 4 J& B T, 15141 150 (150) ppm-200ppm & & F

[0026] 7EIXULsIfiF R L, ZE&BETASH. EHASET R, ZERETE
SRS HNELE TZNAERNAEGY A —FERE T, T k.

[0027] FEIXLLSCHE T RHFLerh, EHPHFEAEELA S ) F (o) =&, A (b) M () —
HRWBELSEEYNESBEETFREBEAS ) WEEE TREN . MR, Ao
() EHENASYTHEERRE -0 ERXYNESEEF, ETHARNAEDHAD ()
() WEREEBFER. wNAKRMSEET R, A5 (o) FEZIRFNASYF T
HER10-3B[-EBEUNSEEF ETHARNAEGYHES B F (0 MEEBRBRTER.
[0028] FERULSIEH R, R THKEY (@) 24 EEFHALEGAS (b) 0/ B ()
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MK £, ZANRRAEY T MRS —Pa8E () BENEREF K% Bk
&RB,IIBEERE, VIB KGR, VIII k4B, RS ESHAS.

(0020]  FERLLLSLHE T EF, Hay (d) B, 80, &, 4, 8, A & KEHEERME
BRIUUHMERE IBEERE, 1IB &R, VIIB K&R, VIII & BA / A& BN &R
BRI, SEMEYaEEENIRTRIR Tk, MR &k, BRI WAk, FHER R, TRER, &
AR, ARG, THIREE, TRBR S, S ey, MR

[0030] FEFRLLHEHED A () EHRFNAESY T L L:10-10:1 HERILFE
[, TFHEZEY (0 WEEEBTERESHSY () FIASNEAELEE FHNER. HHA
LHHRD,ZERILR 1.6-6.:1,F01:4-4 .1, ETHEEY 0 MEESBRETERS
Ha (D) IEENEEEEFHNER.

[0031]  FEFELOSTHE TR, AR AT ERANRFEEWRAE A ARBBR / B0 8k
e, XL R, ZANRAA SR — P AEK. KA LA T8RRI
R FZFNAEY) . EFIER KR UEE T2 R FIE G D 5, R BRI & 1 HoA
5T o

[0032]  ZANAFILE AW pH AT LIRS TATHAE . R L P, Zh R AA
EWE pH A LB MR A E YR TEENBERNSEDER BN E FHERNE. &
At STHE T R, AN RN E S W B o BT DUE A 1 404407 BT 75 B BR BRARR 1 3 . 7R R SE
FEA R, AN FE A AT pH &S SR PR R AR R, B KPR/ BOK AT 4 Bk
W, Bl A S EAL BN, BREREN , AL, B e, B/ SEAI N = 2, FEZERBE
HAE.

[0033]  FERELESLHE R, AN E pH AT LB DA SRS (a) BB 2EE A
B ITERR SRR R, MU AN B E ST TR REIERA S (), (o) F /8 (d) HHAE
RN o

[0034] FEFRLESLHE TR, LA TFNAEY, B LB AL EEY, & UIXFERE
IOANBFAL A S WP, ZE L OB T E A SR pH AR EFTE pH 2 6. 0 BRRL T . 7E1R
SR ECA SEHE 5 P, B AN TR A B YA SR TUAL 35 40 A 16 pH fREFLE 4. 0-6. 0, 4
1 4. 5-5. 5 fKE.

[0035] ZEREUESTHE AR, AR HAFENAAFNEAEGYEELTEELEEY () FKEFHF
S AR — TR YISk & 1. — BT & H 2 I, 1% — TR Y B A 43 7] LATE &
FEWEE T AT HERE . B, MBEEAS (b), () F1/ 8L (d), WXL 55 (b), (c) Fr/ B
(d) FKATLLG IR BIFERER — B = / SR U TURY) . — BRI E I )G,
EH T TURY, B / SR U BURBYIR R B A S B R T AT B . BB — TR
JERTLUIMA RIS —, 5= / SRB W FURY . —BE—FURYA I, ME N7 LAEE
BT ZHAFNAEYT LERTRMHTH &, Flnsd 70 -80 (21-26°C ), BLETE
FEIETFF0 / SAE R TERBE A B AL, Blan4y 50 -140  (10-60°C )

(0036]  FEAK AT AL SIS R AN T RIA S LLER BT A TALEA &
Y RS DT B AR FA AW T AR AT EAEY, BRI TR
M, ST EAS YA THERERMLA 70 80 (21-26°C ), AR XA HA A S WAL
FRETH / B E THEEEME WY 50 -140  (10-60°C ) KIIREER, &AM Fe 4
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S LA BT A EYF .

[0037]  HIFTRIE, A% B 0075 v RO AN TR S A TR AL A h . (R A
F B, RE“TUAN B S f5 10 R XRE R &Y, Hol it 550 Befil, 17 55 264 2 1 S SL AN
I 2 AR M R A A B R ARRITR

[0038] 7ERLMLszii RS, AR P HEMTLBASYE KM () BRNESYERE
FAET, R iEeBETAY IIIA KSR, VA KSR, IVBIRER, 2H VB S ENE
HAE.

[0039] XTRALIEA SRS SYEBRAYET (1) T LLREA _ ERr AL,
W R BB R A B WEMEE BB D EBRUDET O) AL T R, %
FiAb R4 & W VR IR B S ER ALY EF (1) ARTFZAITFIAEYHILL AR
K2 L4 BEALE T (b) . FERAb ST £, EPCEA S Y NBENZ SN RER
WIET (1) 5% AT ENERNE SYERBFHYET (b) 48R,

[0040] 7ERESTHETS &, ETAABASY N F RGNS SN BEMLDET b
4 BB TAEER, B, 48, Tk, 4%, S . RSy B, R EA S WA S
(1) BRI L4 R ALY E F 4% HTiF, HyZrFy, HHEFg, H,SiFs, HyGeFs, HySnFq B
HAE.

[0041] ZERMSLHT R, ZBMESAEDERRADET () ERICEA S+ L
— S BTELE, SR 10ppm ( “4 / BT ) -250ppm & BE T (fEANTCESERME) B
B, )0 e FAL 3R 4H &) 30ppm-200ppm 142 J& B T, #i4 150ppm—200ppm f G B E T
[0042]  ZERCLESTHE R, ETACTEA AW LMT LS — S a8 (1) BRNERS
F,HA% BESE, [IBESRE, VIIBKERE, VI KERE WA BIHEHAG. WR
W, ETAA A S YHE RS BEF (1) TR FRAHL, K Rz 7Eid
LY LB EBET (d) . ER i £, ZTLEASYNERN SRS T
(i1) RETFZARFASYRTROBBRUESRET () EHMSET RS, ZHeHE
AEMMBERNEBETF (1) SEIRHAEGYHTENERNSRET () HRE.
[0043] FE—spiiy b, B EHLBEASYESH S (1) WERBEREET, Ui
IEFESWEBEE SRS () HAENARNEBET. WRER, £ %I E+,
BTN BASYA AL (1) HEENERE T, WZF7AFH SR LLsE 7T BLA
A& AN (1) MERENERNERET.

[0044] ZEFCULSTHE N B, HTAEAAYKEBROERET (D BEH, i, 4, %,
BWE AL, SENLSYRIEERE TR, R, R Tk, R, R
R, AL, SRR, T IRAY  BRIREE, BULEE, BB .

[0045] FEF L H RSP, ZBMROSEERT (1) EMAEAED P U—ZBFE,
sk 3243 5ppm-200ppm B E F (EATELBIE ) FIKRE, FIETLEA &Y+
10ppm-100ppm K& B & F .

[0046] HIFTRE, EZFAEASYBEE K. KEFLELEYFFLLMEAESTE
TRAE, SRR H A S BB IR

[0047] ZERULITHE P, ST EA A YA S A T 1A% ol M2 B . RS
FH &, FiAEH AW pH & 2. 0-7. 0, Hli0 3. 5-6. 0. X B FTIRHITHALEA-SWH) pH W

8
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KB 5B, T B A AY S EM B %A 590 pHe TR A-SYH
pH BT LA AR 451 40 B 7 (AT AT BR Sk R A B8 o E LB SE 7 R, R T A S pH 2 E
A A B AR SRR B, R K RIS MR / 8K B 2 B AR ) an S B AL &N, TR ER BN, &
S, S84, B / BB =28, BRECERSEHAS.

[0048] ZTRALIELA &R UMEIE I RS HAA B, SEEARR FIER FREEER, K
B 4 B HLIE T, THIRS, SEER R, SRR R SRS A .

0049] A EM KA ABEBEINBRNMTCTININEHBREZE SN REFELHF
No. 2009/0032144A1 25 [0039] B, Z5 I HE A EWIINEANSH  TEHMER T, %
VAL T A B D FE AR B BE I — L L SE & NSRRI K BT 43 B A B )

[0050] AEMIW AT ERI LR ENWERS S (XU S XEAFHILEAS
W —EAF A ) R TR % E SR B85 AT No. 2009/0032144A1 %5 [0036] Bk 3 [0038] B,
ZEIHHMAEWRSINERNS %,

(0051] AT LASIX B o FF T A A9 — kA8 A 1A 18 1 R HE R e 26 B B0 HIE &
FF No. 2009/0032144A1 5 [0042] B+, &5 | B EEMSINEA S  EHARSEL TR,
G S YERNE E G —E R P BN ATTHIER .

[0052]  FER-LESEHE 7 R, LT E A SR A8 KON T, ) a0 LA R 56 3 7, TR
BB, SWENLEY, BERRLE, SMREHE T, UNRES 7, /MRESE .
S48 1D BF, HFEREALEY, RELE 7 REREE 7. AREE T AR
BT URPURME, /TR, AR, N8R, BRI & 3 XA R AR 6] 1 LK
CAETAL I 4H A W) 0 B H B 7 3E EHF 5 i 2 FF No. 2009/0032144A1 {58 [0041] B
F2E B F) & 23 IT No. 2004/0163736 % [0032] EX 3| [0041] B, i%5| B FEBLBINAE
HE%, EHMLHETRP, ZIABEAESYERNGIE T BEN T T2 A ETH
R HIEF o

(0053] FER LS R, LA EAASYEAEHIRES 7. SENMERENNE
AR 7 35 [ & FI B 2 I No. 2009/0032144A1 28 [0043] B, TEMBINERNS %, HEE
R R, ZTAEASYREANEHEE—EERPTENEHREEF. 1EX
SRR B, RIE “BARE” LA TRATLEASYTAFERREE 7, XEWRE T
B E T ZASYHHFEEE/NT 10ppm. EHHAMHK, KB “EE2AE” HHTE
INNTEAERE R EL B 71, XK E ZA AP IRAN AR T

[0054] FEFLLSHE A RP, ZILEHAAYELINEHEE LB TREAETHERE
N/ BELRHRRE, 6 BER .

[0055] R NAAUH ALK, BT LIRS BE FIRE I, EMALE J7 iE R LR 53
RS Y HIBE SFEFIU pH IR N =PI . Ve A A B, REE“ N4 $&
B RTEHEA / SR T MY B, R E T B A S YT R BB LS 2 A T sy, IF
H3k B F AR FiAHEAAY FREBHB SEOME, HERBZHRAASY, IFEAE
FEAEEHM b BT TR TRAC B A . 4y SRATATT ) IX L6 S0 N\ B BB IR A Ta T 2 o, & 3
SRALEYEREN LIREE M. BT R4 A pH £ BE R B RS (B3R %,
R ) XA RS RI S EEM LR E M.

(00561 ALK, TAL TR ZH &4 R A2 A0 I R P R A A3 I th & TR A L TRAL R bR R

9
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MIEHRTE, XSS5 Em e, AEREME. flinE—SERS, L8R LaPiiig
BEMRE LK, 54RBUEYEFNRE T LRSS ZERLEY T EMENTERET
BB AT A, 35 B R B NEE, WK B e 1) T 38 0 o 76 A A5 6, “ 0 8 AR
B RNESBNAEF EAEE5SRE TN/ BEB TRERN / SMFHEIE, T2
SITEE T HTRA . BN AMERR,  BRRE P IRNRFERE FNSEEE 7/ XK
SEFHAR / BAEHENRET (B, EHRERETHRETF) HEUTE. EAX
S AR BT, T UME R T ERERS FRARE FREMESEN T,
AL FEG B TR B AR AT (TSB) , A8 A B AT X A B B B A9 AL IE 71, #1040 Accumet
XR153}, H: B % Orion Tonplus Sure-Flow Fluoride #H& Hi#l (3K E Fisher Scientific) o
[0057]  ZERCLLsTiE T b, TRALTEZE A4 I B8 TR B8 - TR YR B 2 10-200ppm., 76 At
LHE T R, T EA AR ERE F YRR EZ 20-150ppm.

[0058] FERLLLsZHE T R, B T AN FIE AW 4L, pH BHIFUF LU 2 Z L A &
My, SR ST EE LY pHe AT LLAE A AC4TUE 2 S0 A1) &3 19 pH #3139, 0358 40 an B 75 B4
AR, &R EEER R FREMER. 4ENKEER / BUKaBERaEAEs
IR TEE AL, e, EEMH, S8, 8 / RERAN=0, B LESRELAE.
1E R Le St 77 b, pH 20 AT LAZE TACEE v A IR I N iZ TRAL 3R 40 & ) o, SR T AL 22
-4 WDH pH I8 pH 2 6. 0 BRLAF, B%0 pH 2 5.5 BREAT, B0 pH 24 5. 0 BREATF . FEH
MBS HETT S, pH FHIFITT LU R pH RS 4. 0-5. 0, 40 4. 6-4. 8 HIKF,

[0059]  ZEIELLSZHIT R, AN ZAN TN A SR LR B UL 24 & Y6 pH, Bt
F0 / BRI B A0 TRAL T2 75 VE BA 18 BT N B9 pH I HIFIE0 R . FERRLESLHE A, I ZAb A
AW SR T E AL 7 =R pH I HIFIR ISR RBR. B, 534 R BRI T7 A8,
¥ pH ¥ EIF I B FAL A A4 P A2 DU D R ECR AT . e HAR T HE 77 B 7P, I Z A
RHAEY ST SIEAR R P HVERI 7 E T BT K pH 255§ B AR L, %A HE Ty
FEHE AR AR -S4 8 pH BRI BE D,

[0060]  ZEFELLSEHETT R, BT A ZAN A W, R L= KF 7] LLE i i
FOTVERSE ), AR AR A A MBI, ERMMEZEAT RS, R THARANASYZ
A, RO RERER AT AN B A B A o 1B DAL AR B, S NS K ) g
R IXBERIM R, B U T E B E A B T B A S T, STLEA Y 17
LR R S = I M TR A, SRNA YRR 2 KN FE4) . BT LT A 228U 2 50 )
(R B 3E B IR L FE IR K o 38 B R R P= )R KSR FEAB AN IR FRR 71 58 [ &) B g 2
7F No. 2009/0032144A1 55 [0032]-[0034] Bx+h (FRLL, HAEWBINEANS %,

[0061]  FERLLLSEZHE T &P, IMAZANFE A A WS B BUOTTAL 35 77 12 47 1) fso S 7= Mk 1 e
16, E R0 R0/ BRIH B A TIAL 2 5 vE S8 N N B TRAL 340 &40 T 1Y ISR 7= 0 K R
B. s R, IEE RN RN YR BE T AN AR FIA A W I T R BURHY,
BEU R/ B R T AR FRAL B 7 v R BT AR R AR K KT, BR AR AANRERZIR T
R BAR I S .

[0062]  ZEFELEsEHE T R, A ZATEFIA AW S BT PRI J7 iR 4 18] S S 7= 0 R

BN SRR B . B, S5 ARAR R B U5 VR I 5 VE R LE B SRR R KR MBI TIAL LA

W) R LU D R BR AT . AR SERETT RPN ZANAFIA G S T 5IEA KW
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J5 5 5 R BTN B R R FE R K R B AR B, 78 1% PAL 3 77 v SR B A B TAL B &
)P B R BL PR KB BB .

(0063] AFFULSTHEA RSP, KERAL KA ATLEESWHITIE AT (D) Kb
RFVEEDIMNGTCEAESY P, EPZHRFAGDEE ) BEED, FFHLUME
EHE—SEE—MEBHN O) BHROEEVERFUDBEF KD ZEBEFEH
ITTA WR& B, IVA RSB, IVB R&EBEHEAE ; (o) 44, HAaE I11A K, IVA TR, IVB k&
BHEMAY BENDHEBRR LI HAS A () BFROEBRE T, L5 IBiKERE, [1B
&R VIBIEERE VIIIGRERE HRALSBREAE Mt HAEYEE (1) #
MY ERBE T, BaE IBKERE, IIBEER, VIBEER, VIII KER #HAEAERSEH
HE (i) BRENBEYEBRFRUDE T EFZERRTAE 1IN KSR, VAKEE,
IVB 4B, 3 VB IR & BB A S sAK F1 (I1) Bz AR SR AL E A5 IH
BEY

[0064]  FERULSEHE A RS, KRHEW K —MARTABEASWHTTE HEE (D Kb
RIVAESMATGIEE S+, HP ZAAFIEEWEE a) 85, I B LUEE R
B BEE-MEEMK b BHRNEEYEBRUYE T BT ZEBE FEE [IIA K
&E, VA KSR, VBIRERBEILAS ; (o) A, HAE IIIAJK, IVA K, IVB k&R
Wy BEMNDEEBRREBEAS T () BENERSEF B8 BEER, IIBkE
B VIIBEER VI AERE WARASBREAS ;AE T ZHAEASYES (1) BN
SRBET,HE84 IBKESRE, [IBEERE, VIIBEER, VIII ke HMASRSEAS
FK A (1D BEHZA AR ASY MR S DR EY) .

[0065]  7ER:LESL i R oh, ARTE AR W57k, AR TA &Y 7B AL B4 &)
U REEN L. HTARANEENEBEMQERE, RaEH THEE4as,
AT, FEALE] &, B0/ & B 24, AR R E M, B, SR8, 125, 884, 87, 51 7,
KT, S, BN EBEM S T REEARR T AN, 2ELUN, &R FHEaE
L REA SR RN, B0 AR BN, PR RN, AR, FNEE S S RN . RIBERT LME A
BEE, EENMES S EENMNEN . A SN ERE R ERRAMEE, ULEXEHM B
E&. WA GERBEMTUREMMIEILEG, HEAEHMERKRT LAEM / B0RE
. Z&BEM ] LML TFIn 48 A 80 FIERNFFER.

[0066]  ZEEMI AT LI TG SRR L AR T ElE HALRY) . B R P E R
BB EFIR AT R, Bl R TTENFE R H T &RBIGE 7EN. &8 T AR
VE v ) 1) 18 F £ $E CHEMKLEEN163, CHEMKLEEN177 F1 CHEMKLEEN49OMX, X &> 1H & B PPG
Industries, Inc. XFEERIEERIGHEEKPBEZ B/ BZ AT

lo067]  7EXLLb st 5 & b, MRIE A K U B 5 VR AN TR B TR AL 3E 4L A AT LUE i A4 B
S0 AR SR 5 EM B AL, B WNR IR S E B, BHR, TR BRI R, R N B R, MR PR E
B, B EER. ARl RSP, ZTMAEAAY LRI EREN LA T
50-150 °F (10-65°C ) WIRE . BEAFRIZE R 10 ¥ -5 248k, Flan 30 & -2 2.

[0068]  FEFELbSL 7 SRR, FAL B R KA S W BT IR & B B FE % &2 1-1000 237 /
SEF K (mg/m’) , B H0 10-400mg/m’s ZTRALER W E M EE T LR, HEEEEAETE,
G BHPDT I AR ER, £—SFRP TR 1-500 40K, ETRBHAFRT, B
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10-300 494,

[0069]  7E S TRACEEVE W BEA T 1% EEM AT LA R K e A0 T4

[0070) FERLEELHH R, EEM ETGEAEY (KCLRIEARBI T EET T 4
%) B 5, ERE 5SS BRIEM IR ASMEM. SAEEMEARTT LA THE
$ SIXAE MR B A Y, AR B IRIR, BR, TR, RS . ERLIR T R, X
(A A IR IR, K H T R A A YRS mARTRBIE B &M L.

[0071) 1B ib e A, RIE “ BURAR G 7 $8 00 R XL B RS, E7T LUB I R R -2 Y
TEAE BT (AR MR 7 B R B 8 i 28 PR B R B 4L, SRAEEE M & KR TH L 7E
A E B . AT LA AR AR A R A AR T R AWM A TR ZE OEM iR A&
Y, REBEREAEY, TIREAESY, BRBHAEY, &EBIREH & WRTR R
HAEYERRL,

[0072]  FERELLSTHE T T, ISR A A BE A . ENIX BRI, RE
“HE M e IR IXRE AR B, U I Bk B AT BT AN R “ B E 7, AR S S
HIBE Sy et M B E B — . XA REEE S WA E B TASRENFSHNASY
RS B AT BRI AT %o [ AL BRATER S P AZE RS 4 1 T kAT . — BB AL BISTHG, U
IE MW B 7 S N A B BRI AR TR, ERHMEE T R, ZREAHEY S
SAVEREAN G . 4B AL (E A A, RAE“HEM e 2 R E S AR T M RN RS
IR 23 A0 ] CAZE IR R A AR R S FN RIS T A .

[0073]  ANRTRTIR, %M S-S AUEA HE IR A AW T R R A, i
PO AT IR SRR B S B EM L. SENT B A e aEREXES
FI) B 35 2 FF No. 2009/0032144A1 28 [00511-[0082] BtRIHRLE, A5 HE A EITIANER
B,

[0074] B4 B 14 T T RO SEREST, SERMA N R AR HIRFIBIE I RI4E T . 5L
BILA R BEA R BRSO EAE 2 L REER, BRIERFRET.

[0075] Syl

[0076]  SEMEf L

[0077]  #hFEFIAEWRE 0T HM&H . LRG| FANERIA Y P EENEN R
RBAEAETR LY. BMESLLRHAERREN.

[0078] i 1

{0079]
RAHEM, 45% ( 3K Honeywell) 5.6%
TR % (K H Blue Line Corporation) 1.3%
THERAR VA, 18% %M ( #X 13 Shepherd Chemical) 1.8%
EETFK RE

[oo80] ¥ FH TTEIRIALHEL

[0081]  CHEMFIL BUFFER, Bt S ¥, B B PPG Industries, Inc.

[0082]  CHEMKLEEN 166HP, §ifi {4 & & 7= i, 1 B PPG Industries, Inc.
12
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[0083]  CHEMKLEEN 171A, Bt iE &= &, T8 B PPG Industries, Inc.

[0084]  ZIRCOBOND XfHR #4, T E PPG Industries, Inc.

[0085]  ZIRCOBOND R1,*h757, 115 B PPG Industries, Inc.

(o086]  —Fi i A4S TRAL IV B A8 FH 0. 88g/L /NS ER (45% ) A1 1. 08g/LIHERARAA R (K
fE2ERW%) REIEHK. ZBABNERIT»REEF/K. A CHEMFIL BUFFER ¥ iZBH&
1 pH HEEE| 2] 4. 5,

[0087] 0 FRMMNA T LR TIAL A B 3. 7 FH55 538843, — AN F ZIRCOBOND R1 %)
—AMNHEHER L R RFIVAED . H T IREGEMHNTER, B R 3. 7 A TR AL E %
R E SR T, RS B A0 A 2 B AT 1 R

fooss]  JWE TR MBI ERE FRMEAKYE. SR7KERET x-rite KOG
B, FTHE A ZIRCOBOND R1 4078 FIVA R A M 91 Ua4E /K 2 4 187ppm (1E A 705 5 8 SRl
). THERELREE 1 s FA S 7T BB P VI MR # K SE 24 183ppm (FEATTERE
BRIE ) .

[0089] W MABMWIEHERB FREITE FEEMBER (ISE) 447, MAHEA Orion
Tonplus Sure-Flow Fluoride A& HAR KB MER Accumet XR15 i (245 #960900) (3K H
Fisher Scientific),f#H FHEAIHERMER . %2R R EGHE E BN RE TR
FRUEDIRAS IE /), LR REI& 0 B+ (50) ZF A 10 %A IR =M R s A
% 100mg/L, 300mg/L 1 1000mg/L B FHrlEMII AN — (2) BAFERT. AT NEWFH
BB T BRI RS (BN, WA RN ) MR FEM T, F14 Accumet XR15 o
HEFE TSP —BRSRaER, WRTRE. BXMERLL 75 (26) RILB(FE
REFRRE. BB eIvIRHE RS 24 21-22ppm. v
(0090] % T TR, T & IR T . #id 7 CHEMKLEEN166HP [ 2% v/v ¥
BTN 0. 2% Ff) CHEMKLEEN17 1A WK SRAG Fr iR EARIE VA = (2) 7r#b. AR
FETFKFA+ (10) 7, 065 HEZBE FARBEHRAT (10) #RMEE.

[0091) —2H =+ (20) > 4x6” AR ZF i BBV L, AR R FE AR - — 4 (D)
AR FEES (6111T43) s—A (1) TR REA LR s (2) HOREEEFMTEAR F+75 (16) MH
PEREIR . K PTIATEAREAL 80 (28°C) MTHAEABE T H (2) 78, IFREEMH. #%
%, BZTE R B FOKBHRZ) 10-15 Fhskppvk, 3 H IR AR T 1.

[0092]  7EMEE—4ARY 20 NMEAR 2T BT Bn T, A Bl 75N E R TAL BB
K45 K S L pH FNRES Ko

[0093]  FEFiX 4Ly &, % ZIRCOBOND R1 FNsEjfifl 1 FIANAFIH W IMA R B BRI
R, SR I K T B B BIRGE. R LA R O T, NEEHAT T 2, ki
pHVAEE T 4. 4-4. 8 FI I B8 U8 F /K PR #E 3] 40-T0ppm. pH & i# ¥ CHEMFIL BUFFER N
ANBIE MBS (AR ) o I RS TR R ZIRCOBOND X FR #4 A B &
MR RIAER (RFE) .

[0094] LR BA LRI 787 VELE 20 A HIAR 40 P RrEE, B3R 3L 300 MER CLEF
B AT 1E . BT NS F RY ZIRCOBOND R1 FUSTififs) 1 b RFINA 5D,
CHEMFIL BUFFER 0 ZIRCOBOND X B #4 (& . CUCEEFII & T W W T AR FTR K
GRERETER2H .
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[0095] %2
[0096]
s g A | | A AR
A AW A | Chenfil Buff Zircobond "
Ah%#] | Chemfil Buffer | | -
ZIRCOBOND R1|54.3g |7.4g |8, 7g 1. 6g
L) 1 | 48.9g |3.4g 3. 1g 0.9g

[0097]  SCjffl 2

[0098]  FNISFULASMR AT REI S 1. SSHG] 1 BIANTFIA &Y B AFAE RIS O Y
E&%ET%1¢Oﬁﬁﬁﬁ%%ﬁﬁ%ﬁﬁmo%ﬁ&%@ﬁﬁ%%%ﬁ%?%%@ﬂ
IR IR BT AL, 4 -1 LT B,

[0099] ﬁ'“ 3

[0100]
N, 45% (3K H Honeywell) 17.58%
WA 4% (3K H Blue Line Corporation) 5.86%
L RERL ( 3K E Sigma-Aldrich Company) 7. 4.2%
FE B4R YIR, 18% 47 ( #KH Shepherd Chemical) 7.6%
FEEFK SE

[0101] [T siifs) 1 BT LRk Rl Z 4b, 88 T F I %

[0102]  ZIRCOBOND ZRF, —Fis kb33 ¥ = iy, 5 B PPG Industries, Inc.

[0103]  CHEMKLEEN 2010LP, 14 &% 7= &, & B PPG Industries, Inc.

[0104]  CHEMKLEEN 181ALP, g MEiE %= &, 1 B PPG Industries, Inc.

[0105]  —FhT HOSETRALTEIA 248 FI 75 32 B /K # 10. 04g/L ] ZIRCOBOND ZRF el & 1]
% W% pH B CHEMFIL BUFFER 334 4. 5.

[0106]  i%TFRALTEHS i DU FHEE 43 3543 R 40 R SR IR A 4 T AR 78 TIUAL 32 78 FRAL SR B 4L
L SEREE] 1 BREE, R R RIS AT K 2 FridAb R IR

[0107] YAV FF (45 FI0 B VS F O A0 UG K T R sEHE B | BTid SR B . 5 807K-F 242
186ppm MEH (FERHTELSBRIE) . WHEHERETFEE 128ppm #IEH].

[o108] L5 sEHEf 1 B R T RAE TR, AT FEHRBERML., Bl
CHEMKLEEN2010LP ] 1. 25% v/v ¥ = FH BT AR 0. 125% £ CHEMKLEEN181ALP WiJRRA
PR TRIEE = (2) A%, BZHRBAZEFKFLA+ (10) 7, b5 H E B FKBRY
+ (10) ket

[0109] AREF BRI T —4HTER . %40 M T AR /A 47 x 127 PR EEEEIR
A 47 x6” POBHEEEMR ;—/> 47 x6”7 484K (6111T43) ;F1—A 47 x6” A LR . XA

14
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KR BS TSSO | MERE BB (BEN) 54 RNEEMLLREHER.RT
XA LR P, SRS RPEEER AR, 473 (23°C) BHdEREANFL
HEFE (2) ﬁ%‘?ﬁﬁl&/ﬁ?ﬁﬂﬂ BE, B ZERA RS FKBERE 10-15 FRmM¥E, I

[0110]  TE¥SEE— 4/ 20 N HAR ZF i Bk i BUm LS, A8 A bk 77 & B A AL 3
fI4E 7K | pH RGBS 7K Fo

[o111]  FETIX S &, 4 sE B 2 4h 7S UL A0 I BUHH R P, SR 18 8 ) 7K S 1 3
B 2R E . W RATAEER TF B, NIRRT T RS, k48 pH A3 3 4. 5-4. 8 U ES
TS T KRR 100-160ppm, pH 2@ T K CHEMFIL BUFFER AR BMHE R IEEEARS (4o
BEHE), WEAETREDE ZIRCOBOND St F #4 INAZIE R R (INRFE).
[0112]  FEFTARTEIRRZH AP gk o LR RAN TS 7, ERISAN T 320 > 47 x6” TR B
# 160 47 x12” TR (EP, 16 MR ) HRERCEEBTERPLE R B, WX T IAZ
Y R B ST 2 TR FeF4E A4, CHEMFIL BUFFER #1 ZIRCOBOND Xf fH #4 (8. SR &
IRIET R 4

[0113] 4
[0114]
e SRAFERE @)
AMAMNEEY . T .. - . o
| AMZAH] | Chemfil Buffer | Zircobond %t & #4
A 2 17.92g | 2.2¢ 4, 81g

lo115] [ I ik B A U0 B8 SR B -7 UKL U B A T IR RETE AR UG P 0 5 Ak 2 0 1) 2 TR b B
SN FSEHEE | FTIARY ZIRCOBOND R1, BI{F BT AbBE Y & B RS B R itk

[o116] B LMEH T UK ERT#R T A KHRARSEE R, EEXN AR ARAN
AR ULIR B AR AT CAXT 4 R B B 48 5T AT 1 28 B8 Ak, T /S ot 288 B o 0 AL R B sk B s S A
R,
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