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COATING/SEALANT SYSTEMS, AQUEOUS RESINOUS DISPERSIONS,
METHODS FOR MAKING AQUEOUS RESINOUS DISPERSIONS,
AND METHODS OF ELECTROCOATING

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application is a continuation-in-part and claims priority to U.S.

Patent Application Serial No. 13/232,093 filed September 14, 2011, which is

incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] This invention was made with Government support under Contract No.
FA8650-05-C-5010 awarded by the Air Force Research Laboratory. The United

States Government may have certain rights in this invention.

FIELD OF THE INVENTION

[0003] The present invention relates to coating/sealant systems, anionic

resinous dispersions, methods for making such dispersions, and methods for

electrocoating using such dispersions.

BACKGROUND OF THE INVENTION

[0004] Sulfur-containing polymers are known to be well-suited for use in

various applications, such as aerospace sealant compositions, due, in large part, to
their fuel-resistant nature upon cross-linking. One class of sulfur-containing polymers
often used in aerospace sealant compositions is polysulfides, which are polymers that
have disulfide (0SOSO) linkages. Aerospace sealants that include sulfur-containing
polymers, such as polysulfides, may be applied to the joint or space formed by the
interface between electrically conductive substrates, such as those comprising
aluminum, to which a previously deposited corrosion resistant primer coating has
previously been applied. It is important that the sealant and primer coating adhere

well to each other and to the substrate, though this has not always been achieved.

SUMMARY OF THE INVENTION

[0005] In certain respects, the present invention is directed to coating/sealant

systems. These systems comprise a coating and a sealant deposited over at least a
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portion of the coating. The coating comprises a reaction product formed from
reactants comprising: (i) a phosphated epoxy resin; and (ii) a curing agent, and the
sealant is deposited from a composition comprising a sulfur-containing polymer
comprising a thiol-functional polysulfide.

[0006] In other respects, the present invention is directed to aqueous resinous
dispersions. These dispersions comprise a base-neutralized resinous composition that
comprises an ungelled phosphated epoxy resin. The ungelled phosphated epoxy resin
comprises a reaction product formed from reactants comprising: (a) a polyepoxide;
(b) a sulfur-functional azole; and (c) a phosphorous acid.

[0007] In yet other respects, the present invention is directed to methods of
making base-neutralized aqueous resinous dispersions. These methods comprise: (a)
adding a sulfur-functional azole to a composition comprising a phosphated epoxy
resin derived from at least (i) a polyepoxide, and (ii) a phosphorous acid; (b) adding a
base to the composition after at least a portion of the sulfur-functional azole has been
added; and (c) adding water to the composition after at least a portion of the base has
been added to the composition.

[0008] In still other respects, the present invention is directed to methods of
electrocoating an electrically conductive substrate serving as an anode in an electrical
circuit comprising the anode and a cathode that are immersed in an aqueous resinous
dispersion comprising passing electric current between the anode and the cathode to
cause a resinous composition to deposit on the anode. In these methods, the
dispersion comprises an anionic resin comprising a reaction product formed from
reactants comprising: (a) a polyepoxide; (b) a sulfur-functional azole; and (c) a
phosphorous acid.

[0009] The present invention is also directed to, inter alia, related coated
substrates, including aerospace vehicles comprising a substrate coated with a

composition described herein and/or a coating/sealant system described herein.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
[0010] 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
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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 deéired 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.
[0011] 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.

[0012] 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 of equal to or less than 10.
[0013] As indicated above, certain embodiments of the present invention are
directed to coating/sealant systems. As used herein, the term “coating/sealant system”
refers to a combination that includes a layer of coating and a sealant deposited over at
least a portion of the coating. As used herein, the term “coating” refers to a
substantially continuous polymer layer supported on a substrate, which may or may
not have a uniform thickness. As used herein, the term “sealant” refers to a solid
elastomer that, when applied to an aperture (such as the joint or space formed by the
interface between two parts), has the ability to resist atmospheric conditions, such as
moisture and temperature, and at least partially block the transmission of materials,
such as water, fuel, and/or other liquids and gasses, which might otherwise occur at
the aperture. Sealants, therefore, are often applied to a peripheral edge surface of a
component part for the purpose of hindering material transport to or from such a part.

In certain embodiments, the coating/sealant systems of the present invention are
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useful on aerospace fuel tanks. Thus, in certain embodiments of the present
invention, the sealant is "fuel-resistant”, which, as used herein, refers to a cured
sealant that has a percent volume swell of not greater than 40%, in some cases not
greater than 25%, in some cases not greater than 20% after immersion for one week at
140°F (60°C) and ambient pressure (1 atmosphere) in jet reference fluid (JRF) type 1
according to methods similar to those described in ASTM D792 or AMS 3269a,
incorporated herein by reference. Jet reference fluid JRF type 1, as employed herein
for determination of fuel resistance, has the following composition (see AMS 2629,
issued Jul. 1, 1989), §3.1.1 et seq., available from SAE (Society of Automotive

Engineers, Warrendale, PA) (that is incorporated herein by reference):

Toluene 28 + 1% by volume
Cyclohexane (technical) 34 + 1% by volume
Isooctane 38 & 1% by volume
Tertiary dibutyl disulfide 1 £+ 0.005% by volume

(doctor sweet)

[0014] The coating/sealant systems of the present invention can be deposited
upon any of a variety of substrates. In certain embodiments, however, the substrate is
electrically conductive, such as is the case with substrates comprising titanium,
stainless stéel, aluminum, as well as electrically conductive composite matérials, such
as polymeric materials containing a sufficient amount of conductive filler, such as
carbon black. As will be appreciated, the substrate can optionally be pretreated with a
corrosion-inhibiting treatment, such as anodizing or deposition of a conversion
coating composition (such as is described in United States Patent Application
Publication No. 2010-0243108 A1 at [0014]-[0019], the cited portion of which being
incorporated herein by reference), as long as the substrate maintains its electrical
conductivity. In some embodiments, the substrate is only cleaned and deoxidized .
prior to application of the coating/sealant systems of the present invention. Such
cleaning and deoxidizing is described in the foregoing United States Patent
Application Publication No. 2010-0243108 at [0014]-[0017].

[0015]) In certain embodiments of the present invention, the substrate is
embodied in the form of a component part of an aircraft, such as, for example, a wing,
a fuselage, or a tail assemblage. More specifically, the substrate may be embodied as

any of a variety of aircraft parts, such as, for example, an aileron, a wing edge
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(leading or trailing) or spar, slat, spoiler, flap, rudder, fin, horizontal stabilizer,
elevator, tail, tube, seat track, floor track, strut, longeron, skin, rib, bulkhead, wheel,
stringer, helicopter rotor blade, (including spar and outer surface), or any of a variety
of flanges, hinges, clips, and fasteners, such as rivets, bolts, nuts, that connect parts
together. '

[0016] As previously indicated, the coating/sealant systems of the present
invention comprise a coating comprising a reaction product formed from reactants
comprising a phosphated epoxy resin. As used herein, the term “phosphated epoxy
resin” refers to an ungelled resin derived from at least a polyepoxide and a
phosphorous acid.

[0017] Suitable polyepoxides include any compound or a mixture of
compounds having more than 1.0 epoxy groups per molecule. Several polyepoxides
are known in the art, Examples of the polyepoxides can be found in the Handbook of
Epoxy Resins, Lee and Neville, 1967, McGraw-Hill Book Company.

[0018] In certain embodiments of the present invention, the polyepoxide
comprises a polyglycidy! ether of a polyphenol, such as bisphenol A. As will be
appreciated, such polyepoxides can be produced by etherification of a polyphenol
with an epichlorohydrin in the presence of an alkali. Suitable polyphenols include,
without limitation, 1,1-bis(4-hydroxyphenyl)ethane; 2,2-bis(4-
hydroxyphenyl)propane; 1,1-bis(4-hydroxyphenyl)isobutane; 2,2-bis(4-
hydroxytertiarybutylphenyl) propane; bis(2—hydroxynaphthyl)methaﬁe; 1,5-
dihydroxynaphthalene; 1,1-bis(4-hydroxy-3-allylphenyl)ethane; and 4,4-bis(4’-
hydroxyphenyl)valeric acid. Another useful class of polyepoxides is produced
similarly from polyphenol resins.

[0019] In addition to the polyepoxides described above, there can also be
employed addition polymerization polymers containing pendant epoxy groups. Such
polymers can be made by copolymerizing a variety of polymerizable ethylenically
unsaturated monomers at least one of which is an epoxy containing monomer, e.g.,
glycidyl acrylate or glycidyl methacrylate.

[0020] A suitable ethylenically unsaturated monomer that does not contain a
group that is reactive with the epoxy group can be employed as a comonomer.

Exemplary such monomers include a,f3-ethylenically unsaturated monomers, such as
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unsaturated carboxylic acid esters of saturated alcohols containing from 1 to about 8

carbon atoms, and monovinyl aromatic monomers such as styrene and viny! toluene.

[0021] In certain embodiments, the polyepoxide has an epoxy equivalent
weight of 172 to 5000, such as 300 to 1000.
[0022] In addition to the polyepoxide(s), the reaction mixture can contain a

monomeric monoepoxide such as monoglycidyl ethers of alcohols and phenols, such
as phenyl glycidyl ether, and glycidyl esters of monocarboxylic acids such as glycidyl
neodecanoate. )
[0023] In certain embodiments, the phosphorous acid that is reacted with the
polyepoxide comprises a phosphoric acid, such as, for example, a 100 percent
orthophosphoric acid or a phosphoric acid aqueous solution such as is referred to as
an 85 percent phosphoric acid. Other forms of phosphoric acid such as
superphosphoric acid, diphosphoric acid and triphosphoric acid can be employed
herein. Also, the polymeric or partial anhydrides of phosphoric acids can be
employed. In some embodiments, aqueous phosphoric acids that are of about 70 to 90
percent and preferably about 85 percent phosphoric acid are employed.
[0024] In some embodiments, the phosphorous acid that is reacted with the
polyepoxide consists essentially of a phosphoric acid. In other words, in these
embodiments, the phosphoric acid is present in an amount of at least 98 mole %, at
least 99% mole %, or, in some cases, 100 mole %, based on the total moles of
phosphorous acid that is reacted with the polyepoxide.
[0025] Alternatively, in addition to, or in lieu of, the phosphoric acid,
phosphonic acids and/or phosphinic acids can be reacted with the polyepoxide.
Examples of phosphonic acids are organophosphonic acids of the structure:

R

HO—P(0)

0131
wherein R is organic radical such as those having a total of 1-30, such as 6-18
carbons. R can be aliphatic, aromatic or mixed aliphatic/aromatic and can be an

unsubstituted hydrocarbon or a substituted hydrocarbon.
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[0026] Examples of phosphinic acids are organophosphinic acids of the
structure:
R’
R=——P(0O)
OH

wherein R and R' are each independently hydrogen or an organic radical. Examples
of such radicals are those having a total of 1-30, such as 6-18 carbons. The organic
component of the phosphinic acid (R, R') can be aliphatic, aromatic or mixed
aliphatic/aromatic. R and R' can be an unsubstituted hydrocarbon or a substituted
hydrocarbon.

[0027] Representative suitable organophosphonic acids and organophosphinic
acids are: 3-amino propyl phosphonic acid, 4-methoxypheny! phosphonic acid,
benzylphosphonic acid, butylphosphonic acid, carboxyethylphosphonic acid,
diphenylphosphinic acid, dodecylphosphonic acid, ethylidenediphosplionic acid,
heptadecylphosphonic acid, methylbenzylphosphinic acid, naphthylmethylphosphinic
acid, octadecylphosphonic acid, octylphosphonic acid, pentylphosphonic acid,
methylphenylphosphinic acid, phenylphosphonic acid, styrene phosphonic acid,
dodecyl bis-1,12-phosphonic acid, poly(etHylene glycol) phosphonic acid, including
mixtures thereof. -
[0028] In some embodiments of the present invention, the phosphorous acid
comprises a mixture of: (a) a phosphoric acid; and (b) an organophosphonic acid
and/or an organophosphinic acid. In these embodiments, as will be appreciated, the
resulting phosphated epoxy resin comprises a mixture of reaction products formed
from reactants comprising: (i) a polyepoxide; (ii) a phosphoric acid; and (iii) an
organophosphonic acid and/or an organophosphinic acid. As will be appreciated,
such a mixture of reaction products may include a phosphated epoxy resin in which
the phosphated portion is derived solely from phosphoric acid, a phosphated epoxy
resin in which the phosphated portion is derived solely from organophosphonic and/or
organophosphinic acid, and/or a phosphated epoxy resin in which the phosphated
portion is derived from both a phosphoric acid and/or organophosphonic and/or
organophosphinic acid. In certain embodiments, the relative amounts of the

polyepoxide and the phosphorus acids that are reacted with one another are: for each
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equivalent of epoxy, there are 0.1 to 0.8 moles of phosphoric acid and from 0.01 to
0.4 moles of organophosphonic and/or organophosphinic acid with the molar ratio of
phosphoric to organophosphonic and/or organophosphinic acid being within the range
of 1:0.01 to 0.5. The phosphated epoxy resin often has an acid value of 10 to 60, such
as 15 to 50, based on resin solids.
[0029] In certain embodiments of the present invention, the reactants used to
manufacture the phosphated epoxy resin further comprise a sulfur-functional azole.
As used herein, “azole” means a 5-membered heterocyclic compound that contains in
the heterocyclic ring two double bonds, a nitrogen atom, at least one other non-carbon
atom (such as another nitrogen atom, a oxygen atom or a sulfur atom), and one or
more carbon atoms. Exemplary azoles include, without limitation, diazoles, triazoles,
tetrazoles, oxazoles, oxadiazoles, oxatriazoles, thiazoles, thiadiazoles, and
thiatriazoles. As used herein, “sulfur-functional azole” means an azole that includes
at least one sulfur atom external to the azole ring.
[0030] In certain embodiments, the sulfur-functional azole comprises a
mercaptoarylimidazole, mercaptoaryloxazole, and/or a mercaptoarylthiazole.
[0031] More particularly, in certain embodiments, the mercaptoarylimidazole,
mercaptoaryloxazole, or mercaptoarylthiazole is represented by the structure (I) or (II)
or a tautomer thereof:

X

(R—)n \C——SH

Y
N O

X

AN
R—n= l —SH
®=) ‘@ N//CS

wherein: (i) X represents a nitrogen atom, an oxygen atom, or a sulfur atom; (ii) R

(1)

represents hydroxyl, hydrogen, aryl, alkyl, aralkyl, or a halogen atom; and (iii) n is an
integer of 0 to 4.

[0032] Specific examples of compounds according to structure (I), which are
suitable for use in the present invention, include mercaptobenzimidazole,
mercaptomethylbenzimidazole, mercaptohydroxybenzimidazole,

mercaptoiodobenzimidazole, mercaptochlorobenzimidazole,

8
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mercaptotetrahydroxybutylphenylimidazole, mercaptobenzoxazole,
mercaptomethylbenzoxazole, mercaptohydroxybenzoxazole,
mercaptoiodobenzoxazole, mercaptochlorobenzoxazole,
mercaptotetrahydroxybutylphenyloxazole, mercaptobenzothiazole,
mercaptomethylbenzothiazole, mercaptohydroxybenzothiazole,
mercaptoiodobenzothiazole, mercaptochlorobenzothiazole,
mercaptotetrahydroxybutylphenylthiazole, mercaptohydroxybenzothiazole and the
like, including mixtures thereof.
[0033] Specific examples of compounds according to structure (II), which are
suitable for use in the present invention, include mercaptonaphthoimidazole,
mercaptochloronaphthoimidazole, mercaptohydroxynaphthoimidazole,
mercaptomethylnaphthoimidazole, mercaptonaphthothiazole,
mercaptoiodonaphthothiazole, mercaptohydroxynaphthothiazole,
mercaptomethylnaphthothiazole and the like, including mixtures thereof. Such
compounds are disclosed in U.S. Patent No. 5,498,502 at col. 4, lines 8-40, the cited
portion of which being incorporated herein by reference.
[0034] Also suitable are sulfur-functional azoles that contain three or more
nitrogen atoms in the heterocyclic ring, i.e., triazoles and tetrazoles. In some
embodiments, the sulfur-functional azole comprises a sulfur-functional tetrazole
according to the formula (III):

SH

(1)
wherein R represents an organic radical, such as those having a total of 1 to 30, such
as 1-18 or 6-18 or 1-6 carbon atoms. R can be aliphatic, aromatic, or mixed
aliphatic/aromatic and can be unsubstituted hydrocarbon or a substituted hydrocarbon.
[0035] Specific examples of such compounds, according to formula (III) are
S-mercapto-1-methyltetrazole, 1-ethyl-5-mercaptotetrazole, 1-cyclopropyl-5-
mercaptotetrazole, 1-allyl-5-mercaptotetrazole, 1-benzyl-5-mercaptotetrazole, 1-(2-

methoxyethyl)-S-mercaptotetrazole, and phenyl-1H-tetrazole 5-thiol.
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[0036] Examples of the sulfur-functional triazoles include 5-phenyl-iH-1,2,4-
triazole-3-thiol, 3-mercapto-1,5-diphenyl-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 3-
mercapto-4-methyl-1,2,4-triazole, 3-mercapto-1-phenyl-1,2,4-triazole, S-mercapto-1-
phenyl-1,2,4-triazole, and 5-mercapto-1,2,4-triazole-3-acetic acid, 3,5-dimercapto-
1,2,4-triazole, 3,5-dimercapto-1-phenyl-1,2,4-triazole, and 3,5-dimercapto-1,4- '
diphenyl-1,2,4-triazole.

[0037] Examples of sulfur-functional oxazoles include: 2-
mercaptoxazolo[4,5]pyridine; 2-mercaptoxazole, 5-nitro—2-rhercaptobenzoxazole; 5-
chloro-mercaptoxazole; 2-mercapto-5-phenyloxazole; 2-mercapto-4,5-
dimethyloxazole; 2-mercapto-4,5-diphenyloxazole; 6-amino-mercaptobenzoxazole; 2-
mercaptobenzoxazole; 2-thioxo-4-oxazolidinone.

[0038] Examples of sulfur-functional thiazoles include: 2-mercaptothiazole;
4, 5-diphenyl-2-mercaptothiazole; 4-methy-2-mercaptolthiazole; 4,5-dimethyl-2-
mercaptothiazole; thio-rthodanine; 2-mercapto -4-phenylthiazole; 5-thiorhodanine
acetic acid; rhodaninic acid.

[0039] Examples of sulfur-functional thiadiazoles include: 5-ethyl-2-
mercapto-1,3,4-thiadiazole, dimercapto-1,3,4-thiadiazole; 5-phenylmethyl-2-
mercapto-1,3,4-thiadiazole; 5-aminomethyl-2-mercapto-1,3,4-thiadiazole; 2-
sulfonamide-1,3,4-thiadiazole-2-thiol; 5-(propylthio)-2-mercapto-1, 3,4-thiadiazole;
2-mercapto-1,3,4-thiadiazole; 5,5 thio bis(1,3,4-thiadiazole-2-thiol); S-phenyl 2-
mercapto-1,3,4-thiadiazole; S-amino-1 ,3_,4 thiadiazole-2-thiol.

[0040] In certain embodiments, the relative amounts of the polyepoxide and
the sulfur-functional azole that are reacted with one another are for each equivalent of
epoxy, there are 0.01 to 0.25 mole of thiol.

[0041] In certain embodiments, in addition to the reactants described above,
the reactants used to manufacture the phosphated epoxy resin may further comprise a
compound having two functional groups reactive with epoxy groups, such as, diols,
diphenols (including Bisphenol A), dicarboxylic acids, dithiols, and/or diamines, to
name a few.

[0042] Suitable methods for preparing the phosphated epoxy resins described
herein are illustrated by the Examples. In some cases, a sulfur-functional azole is first

reacted with the polyepoxide and resulting reaction product with the phosphorus

10
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acid(s). Such reactions are often conducted in organic solvent as described in the
Examples.

[0043] Alternatively, suitable aqueous resinous dispersions can be produced
by a method in which (a) a sulfur-functional azole (such as any of those described
earlier) is added to a composition comprising a phosphated epoxy resin derived from
at least (i) a polyepoxide (such as any of those described earlier), and (ii) a
phosphorous acid (such as any of those dgscribed earlier); (b) a base (such as any of
those described earlier) is added to the composition after at least a portion of the
sulfur-functional azole has been added; and (c) water is added to the composition after
at least a portion of the base has been added to the composition. In some cases, base
is not added until after a majority (>50% by weight) of the total amount of sulfur-
functional azole desired has been added to the composition. In still other cases, base
is not added until after at least 90% by weight of the total amount of sulfur-functional
azole desired as been added to the composition. In still other cases, base is not added
until all of the total amount of sulfur-functional azole desired has been added to the
composition. In some cases, water is not added until after a majority (>50% by
weight) of the total amount of base desired has been added to the composition. In still
other cases, water is not added until after at least 90% by weight of the total amount
of base desired as been added to the composition. In still other cases, water is not
added until all of the total amount of base desiréd has been added to the composition.
[0044] In certain embodiments of the present invention, the phosphated epoxy
resin is present in the form of an aqueous dispersion of the phosphated epoxy resin in
a continuous medium primarily or principally comprising water. For example, in
certain embodiments, the continuous phase is at least 80 weight percent water, based
on the total weight of the continuous medium. In certain embodiments, the amount of
organic solvent present in the aqueous dispersion is less than 20 weight percent, such
as less than 10 weight percent, or, in sorne cases, less than 5 weight percent, or, in yet
other cases, less than 2 weight percent, with the weight percents being based on the
total weight of the continuous phase.

[0045] In adapting the phosphated epoxy resin to be dispersed in a water-
based continuous medium, it is neutralized with a base. Suitable bases include both

organic or inorganic bases. Illustrative examples of suitable bases are ammonia,

11
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monoalkylamines, dialkylamines, or trialkylamines such as ethylamine, propylamine,
dimethylamine, dibutylamine and cyclohexylamine; monoalkanolamine,
dialkanolamine or trialkanolamine such as ethanolamine, diethanolamine,
triethanolamine, propanolamine, isopropanolamine, diisopropanolamine,
dimethylethanolamine and diethylethanolamine; morpholine, e.g., N-
methylmorpholine or N-ethylmorpholine. The percent of neutralization is such as
would make the resin(s) water-dispersible and electrophoretic. Typically, the resin(s)
are at least partially neutralized from 20 to 200 percent, 40 to 150 percent, such as 60
to 120 percent neutralization.

[0046] As a result, certain embodiments of the present invention are directed
to aqueous resinous dispersions comprising a base-neutralized resinous composition,
wherein the resinous composition comprises an ungelled phosphated epoxy resin
comprising the reaction product of reactants comprising: (a) a polyepoxide; (b) a
sulfur-functional azole; and (c) a phosphorous acid.

[0047] As previously indicated, in the coating/sealant systems of the present
invention, the coating comprises a cured reaction product of reactants comprising the
phosphated epoxy resin (such as any of those described above); and (ii) a curing
agent. Therefore, certain embodiments of the aqueous resinous dispersions described
above further comprise a curing agent.

[0048] Suitable curing agents include, but are not necessarily limited to,
aminoplast resins and phenolplast resins. Suitable aminoplast resins are condensation
products of an aldehyde, e.g., formaldehyde, acetaldehyde, crotonaldehyde, and
benzaldehyde and an amino or amido group containing material such as urea,
melamine, and benzoguanamine. Products obtained from the reaction of alcohols and
formaldehyde with melamine, urea and benzoguanamine are often used.

[0049] Ilustrative but non-limiting examples of useful aminoplast resins are
those available under the trademark CYMEL from Cytec Industries and RESIMENE
from Solutia Inc. Specific examples are CYMEL 1130 and 1156 and RESIMENE
750 and 753.

[0050] The relative amounts of the (a) phosphated epoxy resin and (b) curing
agent is from 50 to 90, such as 60 to 75 percent by weight phosphated epoxy resin,

and from 10 to 50, such as 25 to 40 percent by weight, curing agent based on solids
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weight of (a) and (b). In some embodiments of the present invention, the phosphated
epoxy resin is present in an amount of at least 40 percent by weight, at least 50
percent by weight, such as at least 60 percent by weight, based on the total resin solids
weight of the liquid composition from which the coating is formed.

[0051] In preparing the final coating composition, the above ingredients can
be admixed in water in any convenient manner. Typical coating additives such as
pigments, fillers, corrosion inhibitors, anti-oxidants, flow control agents, surfactants
and the like can also be employed.

[0052] Suitable corrosion inhibitors are azoles, such as benzotriazole, 5-
methyl benzotriazole, 2-amino thiazole, and the sulfur-functional azoles described
earlier with respect to preparation of the phosphated epoxy resin (when employed as a
corrosion inhibitor, it is desired that at least some of the azole be “free”, i.e., not
polymerized). Other suitable corrosion inhibitors include, but are not limited to, zinc
phosphate, such as zinc orthophosphate, zinc metaborate, barium metaborate
monhydrate, calcium ion-exchanged silica, colloidal silica, synthetic amorphous
silica, and molybdates, such as calcium molybdate, zinc molybdate, barium
molybdate, strontium molybdate, and mixtures thereof. Suitable calcium ion-
exchanged silica is commercially available from W. R. Grace & Co. as SHIELDEX®
AC3 and/or SHIELDEX® C303. Suitable amorphous silica is available from W. R.
Grace & Co. under the tradename SYLOID®. Suitable zinc phosphate is
commercially available from Heubach as HEUCOPHOS ZP-10.

[0053] Chrome-containing corrosion inhibitors are also suitable. Examples of
such corrosion inhibitors are calcium chromate, magnesium chromate, strontium
chromate and/or barium chromate.

[0054] In certain embodiments, the corrosion inhibitor(s), if present, are in the
aqueous dispersion in amounts as low as 0.001 percent such as 0.001 to 10% by
weight based on total weight of the aqueous dispersion. The composition often has a
solids content of 5 to 25 percent, such as 5 to 15 percent.

[0055] In certain embodiments, the coating is deposited onto the substrate via
an anionic electrodeposition process. In such a process, an electrically conductive
substrate (such as any of those described earlier), serving as an anode in an electrical

circuit comprising the anode and a cathode, is immersed in an aqueous resinous
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dispersion comprising a base-neutralized resinous composition of the type described
above. An electric current is passed between the anode and the cathode to cause the
resinous composition to deposit on the anode.

[0056] The electrodeposition bath often has an operating bath conductivity of
200 to 3000 micromhos per centimeter, such as 500 to 1500 micromhos per
centimeter. The residence time of the substrate being coated in the bath is often from
30 to 120 seconds.

[0057] After electrocoating, the suBstrate is removed and then baked in an
oven at a temperature and over a period sufficient to effect cure. Often, the coated
substrate is baked at temperatures of 225°F or lower, such as 200°F or lower for 20 to
60 minutes. In some cases, the substrate is cured at 180°F for 20 minutes to produce
hard, solvent resistant and non-tacky film. If desired, the electrocoated substrates can
be baked at higher temperatures of, say, 350°F.

[0058] As previously indicated, the coating/sealant systems of the present
invention comprise a sealant deposited over at least a portion of the coating." In these
embodiments of the present invention, the sealant is deposited from a composition
comprising a sulfur-containing polymer. As used herein, the term “sulfur-containing
polymer” refers to any polymer having at least one sulfur atom.

[0059] In certain embodiments, the sulfur-containing polymer comprises a
polysulfide. Indeed, it has been discovered, surprisingly, that sealants formed from
compositions comprising a polysulfide can adhere particularly well to certain coatings
formed from an aqueous resinous dispersion comprising a base-neutralized resinous
composition, wherein the resinous composition comprises an ungelled phosphated
epoxy resin comprising the reaction product of reactants comprising: (a) a
polyepoxide; (b) a sulfur-functional azole; and (c) a phosphorous acid, as described
above.

[0060] As used herein, the term “polysulfide” refers to a polymer that contains
one or more disulfide linkages, i.e., O[SOS]O linkages, in the polymer backbone
and/or in the terminal or pendant positions on the polymer chain. Often, the
polysulfide polymer will have two or more sulfur-sulfur linkages. Suitable
polysulfides are commercially available from Akzo Nobel under the name
THIOPLAST. THIOPLAST products are available in a wide range of molecular
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weights ranging, for example, from less than 1100 to over 8000, with molecular
weight being the average molecular weight in grams per mole. In some cases, the
polysulfide has a number average molecular weight of 1,000 to 4,000. The crosslink
density of these products also varies, depending on the amount of crosslinking agent
used. The “0OSH” content, i.e., mercaptan content, of these products can also vary.
The mercaptan content and molecular weight of the polysulfide can affect the cure
speed of the polymer, with cure speed increasing with molecular weight.
(0061] In some embodiments of the present invention, in addition to or in lieu
of, a polysulfide as previously described, the sealant is deposited from a composition
comprising a polymeric mixture comprising: (a) from 90 mole percent to 25 mole
percent of mercaptan terminated disulfide polymer of the formula HS(RSS),R’SH;
and (b) from 10 mole percent to 75 mole percent of diethy! formal mercaptan
terminated polysulfide polymer of the formula HS(RSS),RSH, wherein R is
0C,H4O00UCH,000C,Hs0; R’ is a divalent member selected from alky! of from 2
to 12 carbon atoms, alkyl thioether of from 4 to 20 carbon atoms, alkyl ether of from
4 to 20 carbon atoms and one oxygen atom, alkyl ether of from 4 to 20 carbon atoms
and from 2 to 4 oxygen atoms each of which is separated from the other by at least 2
carbon atoms, alicyclic of from 6 to 12 carbon atoms, and aromatic lower alkyl; and
the value of m and n is such that the diethyl formal mercaptan terminated polysulfide
polymer and the mercaptan terminated disulfide polymer have an average molecular
weight of from 1,000 to 4,000, such as 1,000 to 2,500. Such polymeric mixtures are
described in U.S. Patent No. 4,623,711 at col. 4, line 18 to col. 8, line 35, the cited
portion of which being incorporated herein by reference. In some cases, R’ in the
above formula isJCH,OCH,0; 0C,H;000C,H40; OC,H,0SOCH,0;
0CH,000CH,000CH40; or OCH,O0C¢H4OCH, 0.
[0062] In addition to or in lieu of a polysulfide, the sulfur-containing polymer
may comprise a polythioether. As used herein, the term “polythioether” refers to a
polymer comprising at least one thioether linkage, i.e., 0[0COSOCO]0, in the

- polymer backbone and/or in the terminal or pendant positions on the polymer chain.
Often, polythioethers have from 8 to 200 of these linkages. Polythioethers suitable for

use in the present invention include, for example, those that includes a structure
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having the formula (IV):

—R'—[—S$—(CH)y—O—[—R*—0—],—(CHp)y—S—R'},— (IV)
wherein: (1) R' denotes a Cag n-alkylene, Cj.¢ branched alkylene, Ce.g cycloalkylene
or Cs.19 alkyleycloalkylene group, —[(—CH,—)y—X—]q—(—CHy—)—, or —[(—
CHo—)p—X—]q¢—(—CHy—)— in which at least one —CH,— unit is substituted
with a methyl group; (2) R? denotes a Co.g n-alkylene, C,.¢ branched alkylene, Cq.g
cycloalkylene or Cq. 0 alkylcycloalkylene group, or —[(—CHy—)p—X—]¢—(—
CHy—)—, X denotes one selected from the group consisting of O, S and —NR*—,
R® denotes H or methyl; (3) m is a rational number from 0 to 10; (4) n is an integer
from 1 to 60; (5) p is an integer from 2 to 6; (6) q is an integer from 1 to 5, and (7) ris
an integer from 2 to 10. Such polythioethers are described in U.S. Patent No.
6,172,179 at col. 2, line 29 to col. 4, line 34, the cited portion of which being
incorporated herein by reference. Examples of suitable polythioethers are available
from PRC-Desoto International, Inc., under the trademark PERMAPOL, such as
PERMAPOL P-3.1e or PERMAPOL P-3.

[0063] In certain embodiments of the present invention, the sealant is
deposited from a composition comprising a polymer blend comprising: (a) a
polysulfide as described above; (b) a polythioether that includes a structure having the
formula (III); (¢) a polymeric mixture of the type described above, such as is obtained
from the reaction of a polysulfide, an organic dimefcaptan, such as dimercapto diethyl
sulfide, and an amine. In some embodiments, the weight ratio of (a) and (b) in subh
polymer blends is 10:90 to 90:10, such as 50:50. Such polymer blends are described
in U.S. Patent No. 7,524,564 at col. 1, lines 51 to col. 2, line 67, the cited portion of
which being incorporated herein by reference.

[0064] In certain embodiments, the sulfur-containing polymer, or blend
‘thereof, is present in the composition from which the sealant is formed in an amount
of at least 30 weight percent, such as least 40 weight percent, or, in some cases, at
least 45 weight percent, based on the total weight of non-volatile components in the
composition. In certain embodiments, the sulfur-containing polymer, or blend
thereof, is present in the composition from which the sealant is formed in an amount

of no more than 90 weight percent, such as no more than 80 weight percent, or, in
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some cases, no more than 75 weight percent, based on the weight of all non-volatile
components of the composition.

[0065] In certain embodiments, the composition from which the sealant is
formed also comprises a curing agent. Curing agents useful in certain compositions
of the invention (particularly in the case in which a thiol-functional sulfur-containing
polymer is used) include epoxy resins, for example, hydantoin diepoxide, diglycidyl
ether of bisphenol-A, diglycidy! ether of bisphenol-F, Novolactype epoxides, and any
of the epoxidized unsaturated and phenolic resins, as well as unsaturated compounds,
such as acrylic and methacrylic esters of commercially available polyols, unsaturated
synthetic or naturally occurring resin compounds, triallylcyanurate, and olefinic
terminated derivatives of fhe polythioethers of the present invention.

[0066] In addition, in the case where a thiol-functional sulfur-containing
polymer is used, useful cures éan be obtained through oxidative coupling of the thiol
groups using organic and inorganic peroxides (e.g., MnO;) known to those skilled in
the art.

{0067] Fillers useful in the certain embodiments of the compositions from
which the sealant is deposited include those commonly used in the art, including
conventional inorganic fillers, such as carbon black and calcium carbonate (CaCO3),
as well as lightweight fillers. Suitable lightweight fillers include, for éxample, those
described in United States Patent No. 6,525,168 at col. 4, lines 23-55, the cited
portion of which being incorporated herein by reference. In certain embodiments, the
compositions include 5 to 60 weight percent of the filler or combination of fillers,
such as 10 to 50 weight percent, based on the total weight of the composition.

[0068] In addition to the foregoing ingredients, the sealant composition can
optionally include one or more of the following: colorants, thixotropes, accelerators,
retardants, adhesion promoters, solvents and masking agents, among other
components.

[0069] Thixotropes, for example silica, are often used in an amount from 0.1
to 5 weight percent, based on the total weight of the composition.

[0070] Cure catalysts known to the art, such as amines, often are present in an
amount from 0.1 to 5 weight percent, based on the total weight of the composition.

Specific examples of useful catalysts are, without limitation, 1,4-diaza-
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| bicyclo[2.2.2]octane (DABCO®, commercially available from Air Products,
Chemical Additives Division, Allentown, PA) and DMP-30® (an accelerant
composition including 2,4,6-tris(dimethylaminomethyl)phenol, commercially
available from Rohm and Haas, Philadelphia, PA). _
[0071] Retardants, such as stearic acid, likewise often are used in an amount
from 0.1 to 5 weight percent, based on the total weight of the composition. Adhesion
promoters, if employed, are often present in amount from 0.1 to 15 weight percent,
based on the total weight of the composition. Suitable adhesion promoters include
phenolics, such as METHYLON phenolic resin available from Occidental Chemicals,
and organosilanes, such as epoxy, mercapto or amino functional silanes, such as
Silquest A-187 and Silquest A-1100 available from Momentivé Performance
Materials. Masking agents, such as pine fragrance or other scents, which are useful in
covering any low level odor of the composition, are often present in an amount from
0.1 to 1 weight percent, based on the total weight of the composition.
[0072] In certain embodiments, the sealant composition comprises a
plasticizer which, in at least some cases, may allow the composition to include sulfur-
containing polymer(s) which have a higher T, thah would ordinarily be useful in an
aerospace sealant. That is, use of a plasticizer may effectively reduce the Ty of the
composition, and thus increase the low-temperature flexibility of the cured
polymerizable composition beyond that which would be expected on the basis of the
Tg of the sulfur-containing polymer alone. Plasticizers that are useful in certain
embodiments of the compositions of the present invention include, for example,
phthalate esters, chlorinated paraffins, and hydrogenated terphenyls. The plasticizer
or combination of plasticizers often constitute 1 to 40 weight percent, such as 1 to 10
weight percent of the composition. In certain embodiments, depending on the nature
and amount of the plasticizer(s) used in the composition, thioethers of the invention
which have T values up to -50°C, such as up to -55°C, can be used.
[0073] In certain embodiments, the sealant composition can further comprise
one or more organic solvents, such as isopropyl alcohol, in an amount ranging from,
for example, 0 to 15 percent by weight on a basis of total weight of the composition,

such as less than 15 weight percent and, in some cases, less than 10 weight percent.
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[0074] The coating/sealants systems of the present invention can, in at Jeast
some cases, exhibit excellent interlayer adhesion as well as adhesion to the substrate.
In some embodiments of the present invention, the coating/sealant systems of the
present invention exhibit an average peel strength of at least 150N/25mm, such as at
least 200N/25mm, and a % cohesive of at least 50%, such as at least 90%, or, in some
cases, 100%, when measured according to AS 5127/1B as described in the Examples
herein.

[0075] These and other aspects of the claimed invention are further illustrated

by the following non-limiting examples.

EXAMPLES

Example 1: Preparation of Aqueous Resinous Dispersion

[0076] A 12-liter round bottom 4-neck flask was equipped with a stirrer with
bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter
and an electrically-heated mantle. The flask was charged with 2949.8 grams (7.845
mole) of bisphenol A diglycidyl ether (equivalent weight 188), 948.8 grams (4.162
mole) of bisphenol A, 418.9 grams of 2-n-butoxyethanol, and 335.3 grams 2-
ethylhexanol. Under a nitrogen blanket, this was stirred and heated to 115°C. At
115°C, 2.9 grams of ethyl triphenylphos-phonium iodide (available from Sigma-
Aldrich) was added. This was heated until an exotherm began, and the reaction
mixture was maintained at or above 165°C for 60 minutes. To the reaction mixture
was added 383.3 grams of Ektasolve EEH (available from Eastman Chemical
Company) and 83.6 grams of 2-ethylhexanol as it was cooled to 90°C. At 90°C, a
mixture of 67.9 grams (0.430 mole) of phenylphosphonic acid, 115.6 grams (1.003
mole) of 85% o-phosphoric acid, and 24.7 grams of Ektasolve EEH was added. After
the exotherm, the reaction mixture was held at 120°C for 30 minutes, and then it was
cooled to 100°C. At 100°C, 257.6 grams of deionized water was added over about an
hour, and the reaction mixture was held at 100°C afterwards for 2 hours. At that
point, it was cooled to 90°C and 324.2 grams (2.437 mole) of diisopropanolamine and
1487.2 grams of Cymel 1130 (available from Cytec Industries, Inc.) were added. The
mixture was held at 90°C for 30 minutes. Of this material, 7000 grams was stirred

into 5511.4 grams of deionized water, followed by the addition of 1317.0 grams more
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deionized water. To this was added 366.4 grams of 2-hexoxyethanol, 225.5 grams of
Optifilm 400 (available from Eastman Chemical Company), and 5.5 grams of
Tektronic 150R1 (available from the BASF Corporation). Subsequently 1045.5
grams of deionized water was added to yield a dispersion evidencing 39.4% solids

after 1 hour at 110°C,

Example 2: Preparation of Aqueous Resinous Dispersion

[0077] A 3-liter round bottom 4-neck flask was equipped with a stirrer with
bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter
and an electrically-heated mantle. The flask was charged with 705 grams (3.75 mole)
of bisphenol A diglycidyl ether (equivalent weight 188), 222.6 grams (1.952 mole) of
bisphenol A, 39 grams (0.237 mole) of mercaptomethylbenzoimidazole (available
from Sigma-Aldrich), and 180.3 grams of 2-n-butoxyethanol. Under a nitrogen
blanket, this was stirred and heated to 115°C. At 115°C, 0.7 grams of ethyl
triphenylphosphonium iodide (available from Sigma-Aldrich) was added. This was
heated until an exotherm began, and the reaction mixture was maintained at or above
165°C for 60 minutes. To the reaction mixture was added 112 grams of 2-n-
butoxyethanol as it was cooled to 90°C. At 90°C, 27.6 grams of 85% o-phosphoric
acid was added. After the exotherm, the reaction mixture was held at 120°C for 30
minutes, and then it was cooled to 100°C. At 100°C, 61.6 grams of deionized water
was added over about an hour, and the reaction mixture was held at 100°C afterwards
for 2 hours. At that point, it was cooled to 90°C and 63.8 grams of
diisopropanolamine, 330.5 grams of Cymel 1130 (available from Cytec Industries,
Inc.) and 40.1 grams of mercaptomethylbenzoimidazole were added. The mixture
was held at 90°C for 30 minutes. Of this material, 1650 grams was stirred into 1350
grams of deionized water, followed by the addition of 315.8 grams deionized water,
then finally 390.1 grams of deionized water. The final dispersion evidenced 30.3%
solids after 1 hour at 110°C.

Example 3: Preparation of Aqueous Resinous Dispersion
[0078] A 3-liter round bottom 4-neck flask was equipped with a stirrer with

bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter
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and an electrically-heated mantle. The flask was charged with 450 grams (2.39 mole)
of bisphenol A diglydidyl ether (equivalent weight 188), 142.1 grams (1.25 mole) of
bisphenol A, 15.9 grams (0.135 mole) of phenyl-1H-tetrazole 5-thiol (available from
Sigma-Aldrich) and 115.1 grams of 2-n-butoxyethanol. Under a nitrogen blanket, this
was stirred and heated to 115°C. At 115°C, 0.5 grams of ethyl triphenylphosphonium
iodide (available from Sigma-Aldrich) was added. This was heated until an exotherm
began, and the reaction mixture was maintained at or above 165°C for 60 minutes. To
the reaction mixture was added 71.2 grams of 2-n-butoxyethanol as it was cooled to
90°C. At 90°C, 17.6 grams of 85% o-phosphoric acid was added. After the
exotherm, the reaction mixture was held at 120°C for 30 minutes, and then it was
cooled to 100°C. At 100°C, 39.3 grams of deionized water was added over about an
hour, and the reaction mixture was held at 100°C afterwards for 2 hours. At that
point, it was cooled to 90°C and 40.7 grams of diisopropanolamine , 211.0 grams of
Cymel 1130 (available from Cytec Industries, Inc.) and 26,1 grams phenyl-1H-
tetrazole-5-thiol was added. The mixture was held at 90°C for 30 minutes. Of this
material, 1000 grams was stirred into 814 grams of deionized water and the dispersion
agitated for 1 hour, followed by the addition of 190.9 grams deionized water, then
finally 235.9 grams of deionized water. The final dispersion evidenced 36.1% solids
after 1 hour at 110°C. |

Example 4: Preparation of Aqueous Resinous Dispersion

[0079] A 3-liter round bottom 4-neck flask was equipped with a stirrer with
bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter
and an electrically-heated mantle. The flask was charged with 727.9 parts (3.87 mole)
of bisphenol A diglycidy! ether (equivalent weight 188), 229.8 grams (2.02 mole) of
bisphenol A and 186.1 grams of 2-n-butoxyethanol. Under a nitrogen blanket, this
was stirred and heated to 115°C. At 115°C, 0.7 grams of ethyl triphenylphosphonium
iodide (available from Sigma-Aldrich) was added. This was heated until an exotherm
began, and the reaction mixture was maintained at or above 165°C for 60 minutes. To
the reaction mixture was added 115.2 grams of 2-n-butoxyethanol as it was cooled to
90°C. At90°C, 42.2 grams of 2-mercaptobenzothiazole was added and the reacton

maintained for 30 minutes. To the reaction mixture 28.5 grams of 85% o-phosphoric
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acid was added. After the exotherm, the reaction mixture was held at 120°C for 60
minutes, and then it was cooled to 100°C. At 100°C, 63.6 grams of deionized water
was added over about an hour, and the reaction mixture was held at 100°C afterwards
for 2 hours. At that point, it was cooled to 90°C and 65.8 grams of
diisopropanolamine , and 341.3 grams of Cymel. 1130 (available from Cytec
Industries, Inc.) were added. The mixture was held at 90°C for 30 minutes. Of this
material, 1600 grams was stirred into 1267.4 grams of deionized water water and the
dispersion agitated for 1 hour, followed by the addition of 301.8 grams deionized
water, then finally 372.8 grams of deionized water. The final dispersion evidenced

34.,0% solids after 1 hour at 110°C.

Examples 5-8: Preparation of Coating Compositions
[0080]
(parts by weight) listed in Table 1. The pH and conductivity of the final composition

Coating compositions were prepared using the ingredients and amounts

is also set forth in Table 1.

Table 1
Ingredients Example 5 | Example 6 | Example 7 | Example 8
Dispersion of Example 1 1632.7 -- -~ --
Dispersion of Example 2 - 1294.1 -~ --
Dispersion of Example 3 -~ -- 1565.8 -
Dispersion of Example 4 -~ - -~ 1120.1
Pigment Paste’ 331.1 217.8 306.8 217.8
Deionized water 1836.2 088.1 1727.5 1162.1
pH* 8.61 8.81 8.45 8.65
Conductivity (@)’ 867 710 | 927 964

Grey pigment paste, ACPP-1120, available from PPG Industries, Inc., 51.4% solids.
? Measured with an ACCUMET pH meter commercially available from Fisher

Scientific

3 Measured with a conductivity meter commercially available from YSI, Inc

[0081]

In each case, the dispersion was added to a gallon container. Under

agitation the pigment paste was added to the dispersion along with the deionized

water. Final bath solids were about 20% with a pigment to resin ratio of 0.2:1.0.

Fifty percent of the total bath was removed by ultrafiltration and replaced with

deionized water.
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Test Substrates

[0082] Aluminum 2024-T3 bare panels were cleaned by immersing in a
solution of RIDOLINE 298, an alkaline cleaner available from Henkel Corporation,
for two minutes at 130°F. After alkaline cleaning, the panels were immersed in tap
water rinse for one minute at ambient conditions. The panels were then immersed in a
solution of DEOXIDIZER 6/16, an acidic deoxidizer available from Henkel
Corporation, for two minutes and thirty seconds at ambient conditions. After the acid
deoxidation, the panels were immersed in tap water for one minute at ambient
conditions followed by a final spray rinse of deionized water. The panels were air
dried prior to use.

[0083}‘ The coating compositions of Examples 5, 6, 7, and 8 were deposited
onto clean and deoxidized panels that were 2 % by 6”. This was done by heating the
coating compositions of Examples 5 and 6 to 75°F (24°C) and Examples 7 and 8 to
90°F (32°C). The panels were immersed in a bath of the coating composition under
agitation and then impressed with 85 to 275 volts for 90 seconds and thermally cured
for 30 minutes at 200°F (93°C) to achieve a film thickness of about 0.8 mils.

[0084] Sealant adhesion was evaluated using PR-1776 M B-2 sealant,
commercially available from PRC-DeSoto International, Inc. Panels were prepared
per AS5127/1B with the following modifications: aluminum foil strips were used in
place of the wire screen or fabric reinforcement. The foil strips were 0.005” thick
measuring 1” wide by 12” long. Foil preparation included scuff abrading with grey
SCOTCH BRITE pads(TM), solvent cleaning with solvent per AS5127/1B, and
application of PR-148 adhesion promoter commercially available from PRC-DeSoto-
International, Inc., per manufacturer’s instructions. Panels were cured for 14 days at
77°F and 50% relative humidity and then tested for peel strength per AS5127/1B.
Results are set forth in Table 2.
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Table 2
Peel Peel Peel Peel Average
Example Strength' | Strength' | Strength' Strength' Peel % )
Reading 1 | Reading 2 | Reading 3 | Reading 4 | Strength | Cohesive
N/25mm | N/25mm | N/25mm | N/25mm | N/25mm
5 52 57 42 38 47 0
6 182 215 222 228 212 100
7 115 164 163 184 157 30
8 198 212 204 204 205 99

' Peel strength is a measurement of the force required to pull the foil strip away from
the substrate
2 % Cohesive refers to the portion of the surface area of the substrate to which the

sealant remains adhered after the foil strip is pulled away from the substrate (result is
reported as average of four readings).

Example 9: Preparation of Aqueous Resinous Dispersion

[0085]

A 12-liter round bottom 4-neck flask was equipped with a stirrer with

bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter

and an electrically-heated mantle. The flask was charged with 2337.4 grams (6.216

mole) of bisphenol A diglycidyl ether (equivalent weight 188), 751.9 grams (3.298

mole) of bisphenol A, 332.0 grams of 2-n-butoxyethanol, and 265.7 grams 2-

ethylhexanol. Under a nitrogen blanket, this was stirred and heated to 115°C. At

115°C, 2.3 grams of ethyl triphenylphos-phonium iodide (available from Sigma-

Aldrich) was added. This was heated until an exotherm began, and the reaction

mixture was maintained at or above 165°C for 60 minutes. To the reaction mixture

was added 303.8 grams of Ektasolve EEH (available from Eastman Chemical

Company) and 66.2 grams of 2-ethylhexanol as it was cooled to 90°C. At 90°C, a

mixture of 53,8 grams (0.340 mole) of phenylphosphonic acid, 91.6 grams (0.794

mole) of 85% o-phosphoric acid, and 19.6 grams of Ektasolve EEH was added. After
the exotherm, the reaction mixture was held at 120°C for 30 minutes, and then it was
cooled to 100°C. At 100°C, 204.1 grams of deionized water was added over about an
hour, and the reaction mixture was held at 100°C afterwards for 2 hours. At that
point, it was cooled to 90°C and 256.9 grams (1.932 mole) of diisopropanolamine,
1178.5 grams of Cymel 1130 (available from Cytec Industries, Inc.), and 136.1 grams
(1.144 mole) of 2-mercaptobenzothiazole were added. The mixture was held at 90°C

for 30 minutes. Of this material, 5600 grams was stirred into 4484.5 grams of
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deionized water, followed by the addition of 1061.5 grams more deionized water. To
this was added 295.4 grams of 2-hexoxyethanol, 181.8 grams of Optifilm 400
(available from Eastman Chemical Company), and 4.4 grams of Tektronic 150R1
(évailable from the BASF Corporation). Subsequently, 842.7 grams of deionized

water was added to yield a dispersion evidencing 38.6% solids after 1 hour at 110°C.

Example 10: Preparation of Aqueous Resinous Dispersion

[0086] A 12-liter round bottom 4-neck flask was equipped with a stirrer with
bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter
and an electrically-heated mantle. The flask was charged with 2102.9 grams (5.593
mole) of bisphenol A diglycidyl ether (equivalent weight 188), 663.9 grams (2.912
mole) of bisphenol A, 118.3 grams (0.707 mole) of 2-mercaptobenzothiazole, and
537.7 grams of 2-n-butoxyethanol. Under a nitrogen blanket, this was stirred and
heated to 115°C. At 115°C, 2.1 grams of ethyl triphenylphosphonium iodide
(available from Sigma-Aldrich) was added. This was heated until an exotherm began,
and the reaction mixture was maintained at or above 165°C for 60 minutes. To the
reaction mixture was added 332.9 grams of 2-n-butoxyethanol as it was cooled to
90°C. At 90°C, 82.4 grams (0.715 mole) of 85% o-phosphoric acid was added. After
the exotherm, the reaction mixture was held at 120°C for 30 minutes, and then it was
cooled to 100°C. At 100°C, 183.7 grams of deionized water was added over about an
hour, and the reaction mixture was held at 100°C afterwards for 2 hours. At that
point, it was cooled to 90°C and 190.2 grams (1.430 mole) of diisopropanolamine and
985.9 grams of Cymel 1130 (available from Cytec Industries, Inc.) were added. The
mixture was held at 90°C for 30 minutes. Of this material, 4800 grams was stirred
into 3926.5 grams of deionized water, followed by the addition of 918.6 grams
deionized water, then finally 1134.7 grams of deionized water. The final dispersion
evidenced 37.1% solids after 1 hour at 110°C.

Example 11: Preparation of Aqueous Resinous Dispersion

[0087] A 3000 ml round bottom 4-neck flask was equipped with a stitrer with
bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter

and an electrically-heated mantle. The flask was charged with 400.8 grams (1.0660
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mole) of bisphenol A diglycidyl ether (equivalent weight 188), 128.9 grams (0.565
mole) of bisphenol A, and 102.5 grams of 2-n-butoxyethanol. Under a nitrogen
blanket, this was stirred and heated to 115°C. At 115°C, 0.4 grams of ethyl
triphenylphosphonium iodide (available from Sigma-Aldrich) was added. This was
heated until an exotherm began, and the reaction mixture was maintained at or above
165°C for 60 minutes. To the reaction mixture was added 66.8 grams of 2-n-
butoxyethanol as it was cooled to 90°C. At 90°C, 19.1 grams (0.166 mole) of 85% o-
_phosphoric acid was added. After the exotherm, the reaction mixture was held at
120°C for 30 minutes, and then it was cooled to 100°C. At 100°C, 35.0 grams of
deionized water was added over about 45 minutes, and the reaction mixture was held
at 100°C afterwards for 2 hours. At that point, it was cooled to 90°C and 53.5 grams
(0.402 mole) of diisopropanolamine, 202.1 grams of Cymel 1130 (available from
Cytec Industries, Inc.), and 90.9 grams of the adduct of Example 12 were added. The
mixture was held at 90°C for 30 minutes. Of this material, 900 grams was stirred into
708.6 grams of deionized water, followed by the addition of 169.3 grams deionized
water, then finally 209.2 grams of deionized water. The final dispersion evidenced

38.7% solids after 1 hour at 110°C.

Example 12: Preparation of Adduct

[0088] A 1-liter round bottom 4-neck flask was equipped with a stirrer with
bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter
and an electrically-heated mantle, The flask was charged, in order, with 40.2 grams
mercaptobenzothiazole, 92.5 grams EPON 828 and 192.0 grams methyl amyl ketone.
The reaction was heated to 50°C and held for 1 hour. Temperature was increased
until refluxing occurred (116°C). The reaction was held for 6 hours and the condenser
replaced with a distillation head and condenser. The heating mantle was set for 118°C
and volatile components were removed (173g) until the set temp was reached. The
final material was 86% solids and the desired product was confirmed by nuclear

magnetic resonance.
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Examples 13-15: Preparation of Coating Compositions
[0089] Coating compositions was prepared using the ingredients and amounts

(parts by weight) listed in Table 3. The pH and conductivity of the final composition
is also set forth in Table 3.

Table 3
Ingredients Example 13 Example 14 Example 15

Dispersion of Example 9 1546.8 -- -
Dispersion of Example 10 -~ 22124 --
Dispersion of Example 11 - -- 1543.6
Pigment Paste’ 331.1 455.0 331.1
Deionized water - 1922.2 2555.1 | 1925.4
pH’ 8.34 8.69 8.25
Conductivity (Q) 974 807 985
[0090}] In each case, the dispersion was added to a gallon container. Under

agitation the pigment paste was added to the dispersion along with the deionized
water. Final bath solids were about 20% with a pigment to resin ratio of 0.2:1.0.
Fifty percent of the total bath was removed by ultrafiltration and replaced with

deionized water.,

Test Substrates

[0091] Aluminum 2024-T3 bare panels were cleaned by immersing in a
solution of RIDOLINE 298, an alkaline cleaner available from Henkel Corporation,
for two minutes at 130°F. After alkaline cleaning, the panels were immersed in tap
water rinse for one minute at ambient conditions. The panels were then immersed in a
solution of DEOXIDIZER 6/16, an acidic deoxidizer available from Henkel |
Corporation, for two minutes and thirty seconds as ambient conditions. After the acid
deoxidation, the panels were immersed in tap water for one minute at ambient
conditions followed by a final spray rinse of deionized water. The panels were air
dried prior to use.

[0092] The coating compositions of Examples 5, 13, 14, and 15 were
deposited onto clean and deoxidized panels that were 2 %” by 6”. This was done by
heating the coating compositions of Example 5 and 13 to 75°F (24°C) and Examples
14 and 15 to 90°F (32°C). The panels were immersed in a bath of the coating

composition under agitation and then impressed with 85 to 275 volts for 90 seconds

27



WO 2014/058523 PCT/US2013/054262

and thermally cured for 30 minutes at 200°F (93°C), with the exception of Example 15
which was cured for 60 minutes, to achieve a film thickness of about 0.8 mils.
[0093]

commercially available from PRC-DeSoto International, Inc. Panels were prepared

Sealant adhesion was evaluated using PR-1776 M B-2 sealant,

per AS5127/1B with the following modifications: aluminum foil strips were used in
place of the wire screen or fabric reinforcement. The foil strips were 0.005” thick
measuring 1” wide by 12” long. Foil preparation included scuff abrading with grey
SCOTCH BRITE pads™, solvent cleaning with solvent per AS5127/1B, and
application of PR-148 adhesion promoter commercially available from PRC-DeSoto

International, Inc., per manufacturer’s instructions. Panels were cured for 14 days at

ambient temperature and humidity conditions and then tested for peel strength per

AS5127/1B. Results are set forth in Table 4.

Table 4
_ . Peel o | s Peel K- Peel ol s Peel X A\I/)eralge y
ren, ren ren, ren ee 3
Example | Panel # Readiitg 1 Readiﬁtg 1 Readiitg 1 Readiitg 1| Strength | Cohesive®
N/25mm | N/25mm | N/25mm | N/25mm | N/25mm

5 A 92 78 55 ' 74 75 0
B 51 97 80 71 75 0
13 A 71 64 47 42 56 3
B 64 75 46 48 58 2

14 A 234 227 238 204 226 100

B 156 165 167 161 162 100
15 A 46 51 59 53 52 0
B 46 67 58 74 61 5

" Peel strength is a measurement of the force required to pull the foil strip away from
the substrate

2 9% Cohesive refers to the portion of the surface area of the substrate to which the
sealant remains adhered after the foil strip is pulled away from the substrate (result is
reported as average of four readings).

Example 16: Preparation of Aqueous Resinous Dispersion
[0094]

bearing, a water-cooled condenser, a thermocouple probe with nitrogen inlet adapter

A 3-liter round bottom 4-neck flask was equipped with a stirrer with

and an electrically-heated mantle. The flask was charged with 727.9 parts (3.87 mole)
of bisphenol A diglycidy! ether (equivalent weight 188), 229.8 grams (2.02 mole) of
bisphenol A and 186.1 grams of 2-n-butoxyethanol. Under a nitrogen blanket, this
was stirred and heated to 115°C. At 115°C, 0.7 grams of ethy! triphenylphosphonium
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iodide (available from Sigma-Aldrich) was added. This was heated until an exotherm
began, and the reaction mixture was maintained at or above 165°C for 60 minutes. To
the reaction mixture was added 115.2 grams of 2-n-butoxyethanol as it was cooled to
90°C. At 90°C, 28.5 grams of 85% o-phosphoric acid was added and after the
exotherm, the reaction mixture was held at 120°C for 30 minutes. To the reaction
mixture 41.0 grams of 2-mercaptobenzothiazole was added and the reaction
maintained at 120°C for 30 minutes, and then it was cooled to 100°C. At 100°C, 63.6
grams of deionized water was added over about an hour, and the reaction mixture was
held at 100°C afterwards for 2 hours. At that point, it was cooled to 90°C and 65.8
grams of diisopropanolamine, and 341.3 grams of Cymel 1130 (available from Cytec
Industries, Inc.) were added. The mixture was held at 90°C for 30 minutes. Of this
material, 1608 grams was stirred into 1295.3 grams of deionized water and the
dispersion agitated for 1 hour, followed by the addition of 305.6 grams deionized
water, then finally 377.5 grams of deionized water. The final dispersion evidenced
34.0% solids after 1 hour at 110°C.

Example 17: Preparation of Coating Compositions

[0095] A coating composition was prepared using the ingredients and amounts
(parts by weight) listed in Table 5. The pH and conductivity of the final composition
is also set forth in Table 5.

Table 5
Ingredients Example B
Dispersion of Example 16 1577.9
Pigment Paste' 331.1
Deionized water 1891.1
H’ 8.56
Conductivity (Q7)* 973

'Grey pigment paste, ACPP-1120, available from PPG Industries, Inc., 51.4% solids.
2 Measured with an ACCUMET pH meter commercially available from Fisher
Scientific

3 Measured with a conductivity meter commercially available from YSI, Inc

[0096] In each case, the dispersion was added to a gallon container. Under
agitation the pigment paste was added to the dispersion along with the deionized

water. Final bath solids were about 20% with a pigment to resin ratio of 0.2:1.0.
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Fifty percent of the total bath was removed by ultrafiltration and replaced with
deionized water.

Test Substrates

[0097] Aluminum 2024-T3 bare panels were cleaned by immersing in a
solution of RIDOLINE 298, an alkaline cleaner available from Henkel Corporation,
for two minutes at 130°F. After alkaline cleaning, the panels were immersed in tap
water rinse for one minute at ambient conditions. The panels were then immersed in a
solution of DEOXIDIZER 6/16, an acidic deoxidizer available from Henkel
Corporation, for two minutes and thirty seconds at ambient conditions. After the acid
deoxidation, the panels were immersed in tap water for one minute at ambient
conditions followed by a final spray rinse of deionized water. The panels were air
dried prior to use.

[0098] The coating composition of Example 17 was deposited onto clean and
deoxidized panels that were 2 %” by 6”. This was done by heating the coating
composition of Example 17 to 90°F (32°C). The panels were immersed in a bath of
the coating composition under agitation and then impressed with 85 to 275 volts for
90 seconds and thermally cured for 30 minutes at 200°F (93°C) to achieve a film
thickness of about 0.8 mils.

[0099] Sealant adhesion was evaluated using PR-1776 M B-2 sealant,
commercially available from PRC-DeSoto International, Inc. Panels were prepared
per AS5127/1B with the following modifications: aluminum foil strips were used in
place of the wire screen or fabric reinforcement. The foil strips were 0.005” thick
measuring 1”” wide by 12” long. Foil preparation included scuff abrading with grey
SCOTCH BRITE pads™, solvent cleaning with solvent per AS5127/1B, and
application of PR-148 adhesion promoter commercially available from PRC-DeSoto
International, Inc., per manufacturer’s instructions. Panels were cured for 14 days at
77°F and 50% relative humidity and then tested for peel strength per AS5127/1B.
Results are set forth in Table 6.
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Table 6
Peel Peel Peel Peel Average
Example Strength! | Strength’ Strength' | Strength’ Peel %
P Reading 1 | Reading 2 | Reading 3 | Reading 4 | Strength Cohesive?
N/25mm | N/25mm | N/25mm | N/25mm | N/25mm
17 171 184 190 203 187 85

Peel strength is a measurement of the force required to pull the foil strip away from
the substrate
2 o, Cohesive refers to the portion of the surface area of the substrate to which the
sealant remains adhered after the foil strip is pulled away from the substrate (result is
reported as average of four readings).

[0100]

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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WHAT IS CLAIMED IS:

1. A method for making a base-neutralized aqueous resinous dispersion
comprising;

(a) adding a sulfur-functional azole to a composition comprising a phosphated
epoxy resin derived from at least (i) a polyepoxide, and (ii) a phosphorous acid;

(b) adding a base to the composition after at least a portion of the sulfur-
functional azole has been added; and

(c) adding water to the composition after at least a portion of the base has been

added to the composition.

2. The method of claim 1, wherein base is added after at least 50% by weight of

the total amount of sulfur-functional azole desired has been added to the dispersion.

3. The method of claim 1, wherein the sulfur-functional azole comprises a

mercaptoarylimidazole, a metcaptoaryloxazole, and/or a mercaptoarylthiazole.

4, The method of claim 3, wherein the mercaptoarylimidazole,

mercaptoaryloxazole, or mercaptoarylthiazole is represented by the structure (I) or

(ID):
X
(R——)n@[ >C—SH
N/
X
(R—)H@(X \C—~SH
Y4
N (I

wherein: (i) X represents N, O or S; (ii) R represents hydroxyl, hydrogen, aryl, alkyl,

)

aralkyl, or a halogen atom; and (iii) n is an integer of 0 to 4.

S. The method of claim 1, wherein the sulfur-functional azole comprises a

tetrazole.
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6. The method of claim 5, wherein the tetrazole is represented by the structure:

SH

wherein R represents an organic radical having a total of 1 to 3 carbon atoms.
7. The method of claim 6, wherein R is a phenyl group.

8. The method of claim 1, wherein the sulfur-functional azole is present in an

amount of 0.01 to 0.25 mole of thiol to one equivalent of epoxy.

9. The method of claim 1, wherein the phosphorous acid comprises a mixture
comprising;
(1) a phosphoric acid; and

(2) an organophosphonic acid and/or an organophosphinic acid.
10. The method of claim 9, wherein the mixture comprises from 0.1 to 0.8 mole of
phosphoric acid to one equivalent of epoxy and from 0.01 to 0.4 mole of phosphonic

and/or an organophosphinic acid per equivalent of epoxy.

11.  The method of claim 1, further comprising adding a curing agent to the

aqueous resinous dispersion.
12. The method of claim 11, wherein the curing agent comprises an aminoplast.
13. The method of claim 1, wherein the phosphated epoxy resin is present in an

amount of at least 50 percent by weight, based on the total resin solids weight of the

dispersion.
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VIR B, B RBE —HuY (-S-S-) EERNEEY. BEESRARESDHmER
e B A 2 0 TR 5 30 BT LG R B8 5 el 2 TR 49 6 48 ) S R e V) ) 5 8D
RE S B A, FEFT R B R ECAEARR T BANRKM/EMEERE. BEKN
B A% B PR B B TR A BB R b, BRI L R R ST

RPAAE
[0008] 7ERUETHTTE, KRB KRE / BHAER. X&EROTHRBMFREZRE
(2 > —E4 R EF . HRBEE H RN R RSP, SRS (1) R
IR E MG A0 (11) B, I B ERTIRNEE SRR (HaSREELE
FIRIMALY ) BIH SRR .
[0009] FEHETHE, ZRAE KEARIESBiE. XESBAE ST R ELEY,
HAAL & R B I BRAL PR RS AR o R IRARAL B BERR AL 3R M B B0 2 e R LT A
(R R, SR RIS : () HEAY ; (b) BB ALK A0 (o) TEBHR.
[0010)  7E{BSREGEEITE, 2K BAH B B B A0 i & KA B M A B T 1. IR ETT VR
BFE : (a) BT SL NN BIEE BEBRIL IR EUR S (A& 1 » B R AL K R
WAEBEED (1) ZHEWY, A (11) THER . (b) EEDS—HOHIXRE RUKED
NG, BRI ZAED S F (o) EES—HAWMDSLMNZAGYE, HARIMA
ZHED.
[0011]  ZEMRKIEE HHE, ZRAY KBHRBENEG KM AT FRERKT
VE, 1% S VR R JEE 75 4B 2 B AR AR A el IR0 B8 B4 BRI AR, 3277 v B HE 7E 12 PR AR RN A AR TR B
B IR, R B SR IR A S IR BZ AN b RIS, Z G SR T,
HA S maS KRBT BRI B =Y : (a) ZHED ; (b) FE R A A
3
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(c) RS

[0012) ARBEERLEEREXKEBRERES, REEMTHRE, R85 HXEMRK
AEYH / BIX BETAMRE / EHAERRERAREK,

BUEEERR

[0013) AT FTHEAIEM IR B K, B AR A K B W] DCR AN E 0 & & R4 A5 38
W, BT HPHPRIERIMEZ . o, 8§ T R MR eSS S, SLEERDFHINE
Z Ak, 7 ) R B fn i B B FASUR B SR P B A BT B E R A IR R IR A A E R
MRPRARIECH”BIER. FHiL, BREAEFHRBTER, T 0T 583588 F R i facon 2
KA A BT 2 5RO 8, KT LURYE A K B B RIS R AR B (1 14 Re T A8 1k . s kshs,
o AEFT AL A AN R IR SRR ZE R FEE, 8N F SN [ 2 DR BIIRERNE
ROBUT B $URE T A E B0 & A ARAERE .

[0014]  ERZRIE AR & B T 4036 [ 10 8 7 Ve B A S 8UR 980, (B2 7 BAR L 45 =+ B i i)
BUE R R A BRI E . ERMEMEEAR LB 7 HEANTS BRI E P EER
FRUEIRZE BT AR T A T LR 22

[0015])  [AIFE, MM E X BRI MHFEREENRAEL THPMEHMFER.
HlInTERE“ 1-10” B R BHEA R &/AME 1 MFTR & KXE 10 ZH (FFaEERE) 8
SR, B, RAS/MESETEHRERT | Mg KEETHENT 10,

[0016] 0 LPVR, KR AMFELLHE T RYRIRE / BHEWER. A FEHAARE “%
B/ EHETWER R —MAEAS, HEEREEMIREZRENEL -9 LHES
Flo WAMEAPIARERE” HBHIR AR TER ENEXRESENREAME, HATUBE
TATUARGHAER. HAE ARG ZHFH” F8 002 B AR MR, A5 2L (Fln
S A B 2 18] B 5T R R 4 A AL EGE 18 ) B, R IR B i SRR
FIRE 77, 3¢ L2 /D E o0 H SR ES A R oK VRN / B E AR I SR &S, BN &7
ZALAERA . BETE LA E A B E DR T L, R 1M A% ) B X R 1 55
HEE LM XN, EREXHEHTER, RRANIRE / EHAERFATHATHZA
TR, FIERR AR Rd, ZE TR “TRee)”, /e 8kt R, H
R RBIERLTAEMRSIAENSHEK ASTM D792 BLE AMS 3269a T Frid B AR L A T V4%,
[ 4k B 2 B FIAE 140 °F (60°C ) FIFREEE S (1 KRRE) EBSHS BTG (RF) K81
IR 1A, AR E A LA KT 40%, E— BB I PR KT 25 %, ZE—EEF R P A K
F 20% . BISHLSBEEHAE JRF 268 1 (AR TS BEY ) BE FHMER (31
AMS 2629,1980 7 H 1 HAA ), §3. 1.1 LLEHLLF, K H SAE (Society of Automotive
Engineers, Warrendale, PA) ( RAEILFIANENSE ) .

[0017]
FLH (T ) 34 = 1 4hF%
AR | 38 £1 464%%
VT A A 140, 005 4%
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[0018] ( JRERIREZAY (doctor sweet))

[0019]  FAEBAKRE / FHAERTUAREMEMAMZ LR E. BREREKET
Fh, ZERESHN, FINEEREASHK . AEN B UAEEEAMESImE A &N
SR R B R AR BE . EEMAE, %ER P LG ARt ab 2
RTRALER, Frid J& o 3 4L B0 tn P AR AL BR & TR B LR BLA &4 (Blnsiid ERE L F
B A FF 5 2010-0243108A1 # [0014]-[0019] &, H 3| HEHE I NERSH ) RE
ZEBEEFTCHSEMMIT. A ULHEFRT, EHAEXRANRE / BEHNGRZ
BT, AU Z R R B E A E L. XENBEARELERENREREMNBIEANT
2010-0243108 f) [0014]-[0017] .

[0020] FEAK BRI R ST R, % RAATA YALE A, GlmyL R YL 5 BE
BELEE. FEAM, %R R AT EME 2R XL EM, flnBI B W ELS% (A%
REFS) NERZ. AR MERBR. FAE. ZEHERR KPRES. TR, B,
B EERIEIE AR BB  EFT AR SR B BRIR R T A naR & B AL R R M
(BIEEPMINRT ) B AR 2 FhiE 2 BUBE 3¢ F A0 B B 5] an 4T a8 R EE, K
S ERE .

[0021] fORTFTR, AR EIMRE / BEHABRESRE A5 HE S BRI EN
F8 104 52 B2 BT T B B IR RE 7= 4 o I S PR ORI ““ Tl BR AL O S SR R ™ i ) 2 SR VBRI AL 1)
wg, BB 20 2R EADAT R .

[0022] AEMEHENDEIEEERT LOANKRERED / 5 FHEANENSREL S
BB &Y. LR 2 R E ALY R AU B AN . 2 R EAL Y HI 61§ 7] LAFE Handbook of Epoxy
Resins, Lee Fl Neville, 1967, McGraw-Hill Book Company T4k,

[0023] FEAK M ST R P, 22 AW OFE S M 2 K H R, 5138
Ao TGIRAREY, X RER) 2 ALY T LB 2 B 5 REBAERFE TRMERA . S1ER
ZHOFEERART 1, 1-3 G- BHEER) 2482, 2- W @-BHEFEE) Wkt 1, 1-W @-#&
HEH) BTE2,2- W (4- BRERTEER) At W Q- BEFE) Bl 1,5- 258
B 1, 1- W (4- B -3- IWMAEER) 5 R4, 4- W (@ - BERRE) KR. H—H
A R AR 2 IR E AL R 2R B 2 By B Sk 1 .

[0024] & T LAKIZHEMMZ I, EFMEREFMEAAEBDNMROREY . X
BRI LURE 2 M RSB BB (B2 —REHEK B, FlInA
EER AR K BB E e B R AR IR K H s ) FLRKRH)E.

[0025] —FHEEMHBBARMMEGK (ARE S 5EREERAE RNAEMER) 7 URER
RHAR, RO BAATE o, B- BETBMEE, HIINEH 1- 48 MREFH
YAFNES (1 AN IR IR ES , A8 208 5 75 R B (B ) Q0 28 Z A AN 2 B R R

[0026] ZEFELSLHE T RSP, ZELHEMMPFE L E L 172-5000, #1370 300-1000,

[0027] BT ZHEAMZ I, SR RIBA Y LAME A AR B IR E AL 0] tnEE A1 EY (9 .48
KT, 5]t 2 B A K H R, AT R ER 60 48 K v B G B 32 BR A K HHI R

[0028] FERLEHE T RS, 5% B EALY R B TR ER B, & BEER , 41 40 100 % IEBEERBR
E BB FRIE 85 % BRI BE R /K IAWR . e T M BEBR ] dnid B AR  — B IR AN =R IR 7T LA
TESC(E A . FIRE, BT DA P BRI ET B R & YT FE— RSt 7 B, B R BH 4 70-90%

5
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FOHLI%E L) 85 %o BEBL A BE B K AW

[0029] FE—EELEHES SLHAMYMRENTHRES ERBBEAR. REZ,
EXEEHTED, BROGFEERED 98nol %, /> 99% mol %, BLE £ — LiF il F
100mol %, £ T 55 2 M S AL B K I B RR ) 2 BB /R &L

[0030]  fEABERRM &I TNELEBR T HZ SPEE AR B, BHRAN / BURBEIR T LA 5 23 A
WL, BERREVET R EE T ESMEIA VUBE -

[0031]

-
HO—P(O)

OH
[0032] H & RAEFYERAFWMES &3 1-30, Fw0 6-18 MR IRLE . R 7] AR RERT A9«
HREE RS WINSTIRN / FIRE, 3 B A DU R BRI R BE BRI E .
[0033] KIEERHIBI TR EA T HEHIIAIIRBEE .
[0034]

-

R—P(O)

OH
[0035] HHPRAMR SMMLHREREAIER. XEEMEFNHF&RF B3 1-30,
Bt 6-18 NBREIRLL . KEERAIA LA S R, R) Al LR BT, FRASE R &K e
Wil / A RANR AT LR KRB BT RE.
[0036] REMMAER GGV IRBEERR 3- EEFNEBR . 4- PEEZEME
B RREBSER T BB R LR R LIRS .+ AR R ER L W L AR R L T Bk
RS BB RS RS R PRI /R R S R R R R E R
TR R E LR T R E -, 12- IR (2 F) MR, BEERES
W, :
[0037] FAXRKHM—LELBEHFET, ZTHRELS FTHMWASNIREY : () B M
(b) BHHLBEERA / BUAPIRBERR . 7R LLsEit Ty B, WG BRI, BT A B ER AL B R
WG ELE B R N R R R IR A, ZRMNEE () 2RENY (1) B ;
M Gii) BHLUBEERR / BUE MR RS . QOB EAR K, IXFE R RN IR & W] LA FE B
BRALKIFRER R (7 H PR IL B NS B BEER ) , BRI IR EM S (EH ISR
L BIEAXANAS B U ER AN / SA ALK BEER ) A/ SUBEBRAL IR E M (FE R PRERR
L HIER 4318 B EER RN / A VUBRER AN / SRE LR EIR 3 ) . 7ERELSTE T B, iR
Rif 2 R ENDA RN ER ST TR UEMNFHEE, F7E%E 0. 1-0. 8mol HIBEERAM
0. 01-0. 4mol FIA HLBEER AN / BUE HLIKBEER, FF B IR S5 G MLBER A0 / BUR ML IR BEER 1 AR
IRECR 1:0.01-0. 5. ZBEERIL IR EM IR % BB 10-60, 640 15-50 FIBRME, 2 T A
14,
[0038] 7EA KR IRIFLESTE T R, T HIEBBRAHRENIE N RN — P A SR
B RS ROMESE, HAME AR “MRIR 5 TTRIML A, RS EZRAPHH N NE . —

6
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BEF . EL—AHENERETF (FlnR—EEF CRTFERET ), M-S
BT o TR0 L FE (B R R T e, = [T | AR TR e R = e MEEAR DR R IR
SR, AMER R CBRE SRR RARIX PR M, HAEMT 2 SMEFE R D — DR T .
[0039]  FEREMLSLiT R, IZINE SLAL ML SS A8 NI T Ik SREL 5T IR / BX
Sk 75 AR

[0040) BB EL{Ath, 75 SLLL ST SR, XS T R ORI SR 05 HE I B S A O AR
RAER (D B I BEEERZRMERRRE

[0041]

(I

(1D

[0042] B (DXFRFEFEF EEFEREF  (DRRREE S FHE GE S
B EEF A (1i1)n 2 0-4 FEH |

[0043]) EATAKPKBEEH (D KUY EEREFEREIEIR IOk SR
B IR L B0 R R B T I R S BRI IR O kR L SR L SRR SRk e R R U FR B T AR ORI
Tk | %70 S R IR | 2% L PR N RIS | R AR U RN A | SR A L e | SR R UK RN
e | 7 o 100 T 5k S R A | 3 O - R A | B L PR R O IR e SR AR FR B R IR S
B R SR AU IR SRR R T AR A AR R RIS, R
4.

[0044] ERTAKBPEVIBEN QD KL EEEKF FEIETEI IR AR
2R IR I SRR SR R 2 SR ok e SR PR R EE SR kM SR BB R e SRR AR SR SRR
PRI EN AP RS IENS AR LESAY. XRNLEMAFEXREENS
5498502 KIS 4 £258 8-40 1T, 3 FHE S EWTIAE RS E.

[0045] RIREAEH R ERILKMES, KEXFT T Y 3 HELNER T, B, =18
mme, ZE—USEE TR T, ZME LA ERER (11D MRE LAY ITNME .
[0046]

(I11)

[0047] HErABRFRAHER, il BA S 3L 1-30, Hlin 1-18 3% 6-18 3 1-6 ik JEFHI AR
de, RAETLLRFE RN, BEMEE RS HISIIRE / F I, 3 BT LU REUHI 2 B
R .

[0048] FRIER (11D) KIXEEMIE Y BARRIBI T2 5- FhE —1- A, 1- 2 -5- 3
FLUUM - FRTHRE -5- ZEALUUME 1 TR EE -5 SRAEIU M - AR 5 SRAELIIME 1-(2- F
7
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HEZE)-5- FETIM FIAE -1H- 0 5- BREE.

00491 iZBRE ALK MBI TS 5- KA -1H-1, 2, 4- =M -3-BREE . 3- B A -1, 5- T
FE 1,2, 4- ZHE 3- 3 HE -1,2,4- =M. 3- S 4- A -1,2,4- ZM3-FE -1- K
H-1,24- =MW 5-FE-1-FH-1,2,4- =MW F5-FH-1,2,4- =M -3- Z &,
3,5- T3 -1,2,4- =M. .3,5- ZFE -1- KA -1, 2,4- =R 3,5- Z8E -1, 4- 2K
B-1,2,4- =M,

[0050] B E BeALHIEME R BI T IE (2- SRELVEME (4, 5] bR 2- SRANEME 5- REE -2- 5
BRI 5- & - SIENEM - S -5 FENEM 2- iR 4,5- ZREREMW 2-5
H -4, 5- THFER 6- FE - FAKIFIEM 2 FHEFKIFEM 2- A -4- VEMLGEER .
[0051] BRE BeAb RO MEME B AL HE 2- SRR VEME 4,5~ TR L -2- SRA M 4-
F-0- A EM 4, 5- TR -2- FREMERE IRCE ST (2- Sk -4 IRERMEN (5 FRARE
FHRZE F L.

[0052] FRE REAL MO ME — M B F B 5~ 2 -2- 3 A -1,3,4- 1 T M, TR
F-1,3,4-ME M 5-FRPRE -2-FH-1,3,4- oM - FHEPE-2-FE-1,3,4-18
T 2- BEBERE -1,3, 4 ME T -2- BRNE L5 ( TREEAR ) -2- FEE -1, 3,4 ME M 2- 5
Bo-1,3,4-HE M .5, 5 BRACRN (1, 3, 4— I8 Mk -2- BRER ) ;5- A 2- 3 -1,3,4-E
M5 S K -1, 3, 4- ME M -2- AREE,

[0053]  FERLLLSLi T R, 47 R B 2 AR B B R AR B R YT T &
LERIREE, FAFE 0.01-0. 25mol KIFREE.

[0054] FERLELSEE AR, MR T LR RNYZ S, T B B ER L B IR SN S B R B2
AU~ S ESXEMLEY, REFEFNSHEREAGTRETEHERR, 6la =8 . 5
(BLFERY A)  ZHRBR . ZBREEA / B TG R T AR RIS .

[0055]  AriE A& IX B ATIA BB BRAL B R E BRI T AR TE SEHE R . E— S8 T
L, R E LM R S0 5 2 IS R RL, F B BT U R RL R4 T BRI R o X R )

RN E A HUER AT, i e BTk .

(0056]  Fieih, & 3E KIS KRR S #UAR AT LUB I X BRI TR A, FTEH S (o) B ERE

torme3s (HlanfE TR RFRLE ) IMABIAEW, ZHAMBREEEED () Z2HENY

(B ONEATRTIR I AR LE ), R0 (i1) TEREER (BT AT RTE FIFRLE ) R BRI IR E MRS ¢ (b)

HEEL—EHIHZRE ALK EIMANTE, B (FIUEAATA KAL) IANZHE

Wb JF () EED— A LMAZAEMPZ G, MZASMFIAK. £—5%1F

S, NG, BFHHENRE R NRE LSRN REHS OO0 EE% ) CEMANZASE

Wi RNiE. ERKEERERS, SMAG, BERFENRE RIS ERNZED 9

HEEYOEMNZAEWENIE. ZARNEEE RS, FMAR, EE2MagNIAER

ME SR E LM ZASYE NI, FE—EER S, NMAK, BRI S &

FIRHE O50 BEE% ) CRMAZASYRRL. ENANEERRS, AAK, EE

NN EENEL O EEX CEINANZASYE NI, ERPEERER TS, NI

K, R ENHEMNH LM ZAEME AL,

[0057]  7EA K EARIFEESLHE S R 9, 1 BEERAL AU R RE R LA B AL B BR EUR IR 59 2 7K

C AEUEREREERN ZE K BUEE T ESKHS S KIELEN R BT

8
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FED, ZESHEEL O EEXHK ETEENFMLEE. ARLELHELT RS, A
BRIEE S KR A BN T 20 EE %, Hlin/hF 10 EE %, EE —BHFRF /D
FrEE% REANARVEEERTNT 2EBY%, FEZEEXRETELMENLE
&,

[0058] 9 T WGBEERALEIFRER IR O B R T AKESE AT P, e AP . SERR
AFEG N TR F . S ERWK RO T RE, B, ZirERaE =R
Bl Z Efk RN B T ERANRF R  BIRERK, Z Rl EsE =R 6
WMZ R, 2N = R R RSN, R RGN 28 2
B+ WO 5] i N- FR B M R ER N- 2Lk, N 43 b R X RE R, DA AG Bk 4 s =2 2K 7T
BRI IR . BLEI, S0 B E D R TR AN B 20-200 %, 40-150 %, 140 60-120 % (K]
hANEL.

[0059] AL, A% BE B e St 7 R B K& K R - BV, A SR AR REA S,
HoiZm i AaYaE KGRI BB L KR EM AL, A8 RNYH R =Y, %R M
YA :(a) BIREAY) ; (b) BT BRI (70 (c) WHERR.

[0060]  HOBTFTIR, EAR K FRIRE / BHAER T, 2R 208 R LY E AL R R
W), %R MDA SRR EM S (B0 R EARLE ) (A0 (i1) EHA. FrEL, Bid
[ Tk R 4 B (B S S SE i 77 S0l — 08 A [ A0S

[0061] A& ELFEIEERLIR T 2R BRI E B R e . & & i & SR
ReREUIIN . B . CEBAE PR S5 & B A SU REN MR IR R = RERAR
HUEHRE AT L% ERFEENPES = REHK. R R FIR IS R B8 74 .
[0062] 7 FHHE R BRI S B 7R 61 M (B HEBR %1 14 10 1) F & LA A5 2 CYMEL & B Cytec

A1 1156 &0 RESTMENE 750 0 753,

[0063]  (a) BEESALEGEREM AN (b) [E4LFIAIAEST & & 50-90, Fln 60-75% E B HIBER
1L ER R RS, F0 10-50, 440 25-40% EBRIE LT, E£F (@) f (b) WEGEE. £FK
) — LT 2D, ZMBRALHNTENENEAEEREL WK ER, EP 0% ER, §
mELOUER, RTHRERENBRECHAYAISHERGER.

[0064] 7EH| & BRAKIREHAEY D, EIRRATTALMEMATER T R GKBR. BT
A3 ) L 7Y £ 9 L AR N 0451 k) L SEUR L PR A sk 0 L B AL R L B FE L R SR TEDVE TR
=,

[0065] &3 (G T bl ) R PR 2, SN A 3F =0k, 5- FREE R F = e, 2- E AN, AT IE
5 F ) B BB AL B IR SN RO TR B e AL o2k ( A MER I et, SRR B D — Lk
Bk e 2 “pe B 07, B, A R4 ) o HESENE MG FaFEE AR TRRe G E
BEERE, RT B , (RINERAN B K& 4, 45 18 7 A a9 —EALRE, RStk — bR, & AR &
—EALRE, RIS R £h ) tn4E BR4S AR R R IR BB R HB A Y. BERSE TR
— %k 2 18 SHIELDEX® Ac3 #n / 2t SHIELDEX® €303 1% & W. R. Grace&Co. K.

& EHAES ~EALEER LUETHR 2 SYLOID® #1851 W. R. Grace&Co. . & EHIBHREF R 1E
>4 HEUCOPHOS ZP-10 Tii#5 & Heubach f.
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[0066] A 4R BOFE h M5 2 A IE I o XA BB IIM BRI B F B4R BRES (AR TREE IR TR
ERAN / BUER BRI,

[0067] FEF LSRR, LB RHBIFIEZER, 76 3K 9 BuE 9 E K3 0. 001 %41
mo.001-10 EEY%, RFEKIBUENEER., ZAAVELENESER 5-25%, #lin
5-15%.

[0068] FEFLSLHE AR, GRHEHEAE FRIBEMRBERER L. ERXENTTE
o, ¥ SRR (Fin bk T AR L, 78 2568 BHAR A BA Ak 8 sR R R AU AR ) BB K
PHIE D EE S, Z A BUAEE T LR KRB AR M IS E A4 . ¥ B 1% PR AR FNBA AR
2 (A%, R 52 %R Fe 4H A TR BIREAR L.

[0069] HHPLARBLE RA 200-3000 fEBkA / EK, #4n 500-1500 FHEXEE / B K FIEAT
BES R, ZRERNEREBE P EEN L% £ 30-120 #.

(0070] FERIRE, BREER, REE—EEEHH U UHTEAMKWEEER FHEE
BIR 2EH, ZIRE N EE R 225 T BUERARE, 51 200 T B AR MR 5 K5 #E 20-60
A3h . 7B LetB Lo, iZ 3R AE 180 °F [E 4k 20 b sk 7 AR B I« i VA RO RS R R RO BES . G
FHALE, Z IR A BR ] AR SRR R, thn 350 °F .

[0071]  WARTFTIAR, ZRAIIRE / ZEHNERCENREZEL —HINZRE LNEH
Mo FEARRPHIXEEER R, ZEHFEMNSSROBAUNAESYH RN, i
BERMARE“ESRIEEY HNERERZL—IREFREARED.

[0072] AEFESLEFRP, ZEMHOEEVOTERLUY. Hsths, 2245 NEFA
W, B BRALRI A5 T B 3 77 AT LLAE B B IR & B B 2 KA B 4 B B
R LRE b, ZE Ko 8ae SmT MM EAaY, P M iBA e s RER
BB IR BN AR, HEE RNMBIRBFY, ZRBEYEE : (a) Z2HEAY : (b) 5
TR MES FD () TREEE, tn FFTR .

[0073]  HAMEARIARIE “BRAY” B EXHEMNEAY, RAER M E PR / B
EAWeE L um e E LEE AR EA RN EE, B -[S-S]- &8, £
HHL, ZRBUDREDERAFR IR ELANR - MEEE. S ENRMILYE LB
THIOPLAST ®i B Akzo Nobelo, THIOPLAST /= & LA % ) 4> F R TR R R RS/, Flan /N T
1100 E#BiT 8000, 3 H A FERLFHHFFE, AN g/mol. FE—IFHF, ZERILDT
35 F &2 1000-4000, X L= W AT B E JE 2R H), XEL R T RKAIHE . X
EUR “-SH” S8 (B, MBS E) W], BRUYNRES ENS TESKHE
EYEER, 3 H B R R E ST EmEmn.

[0074] TERKAM—LELEFEP,BTRRBAYZ IS ERB TR R, ZH
FIRMNEERABBREMNAEYF RN, ZEAHEAYES : 3)90mol % -25mol %
3% HS (RSS) ,R” SH H it % 3 i 1Y) — AR AL SR &4 s A0 (b) 10mol % -75mol % I ZX HS (RSS)
RSHE) Z 2P ERREH R R E G, HF R 2 -CH,-0-CH,-0-CH,~ R’ B2k H
T AR 2-12 MIRE TR R, 4-20 DB R F B e 2L AR BE , 4-20 NIRRT F0 1 A
HIRFRIBTEERE, 4-20 MRETFH 2-4 HEF (AN 2ETED 2 MR FRE LR
) B ERE, 6-12 NRIETFH R RS Y, MFBRRE R E ;3 B m M n BIEESXHE
[, LMER = 2,2 B 4H B A B 3 im i R B R S WA B im0 R AL R S R0 P 4

10
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F-E = 1000-4000, %70 1000-2500, XM RSB EYHAREEE EHS 4623711 KI5H
4AEEE 18 TR S 25 35 470, K AIS A EREINENSH ., A—EERS, EXFH
R’ & -CH,~CH,~ ;~C,H,~0~C,H,~ ;—C,H,~S—C,H,~ :~C,H,~0~C,H,~0~-C,H,~ ;B3 ~CH,~CH,~CH,~-
[0075)  BRT BWALMZ A E R B RBAY, Z SRR ST LA S RINEE . JhabfE
ARAREBRBE SR XENREY, HERAGYERPH / SER G5 L H R ER
MEpArE EaEED—ARBOEREE, 81, -[-C-S-C-]-. & H, RETBEG 8-200 XLk
EEE. EATARRANRRREFNNEEREE K (IV) HEHRIARL .

[0076]  -R'-[-S-(CH,),-0-[-R*-0-],~-(CH,),~S-R'],- (IV)

[0077]  HA :(DR'FTR C,EWIE, C,  XUHIT S, C o FPEITEEEK C o i
Fedt | -[ (-CH-) ,=X-1 - (-CH,) .~ B# ~[ (=CHy-) ,~X-1,~ (-CH,-) L B D — 4> —CH,- B
ToR AR EBUCH ; (QRERIR C,  EW . C, WM LR C o AT SEEEK C oo bt
HE g B - (-CH,-) ,~X-1 - (-CH,-) .-, X RORIEH 0. S FI -NR°- Z—, &R HEL
H.@mZ 0-10 KIAEL ; (4)n & 1-60 FIBE ; 5)p & 2-6 HEEEL : (6) q &2 1-5 KR,
(& 2-10 BEBYL, XHEMERBEREXREERS 6172179 5 2 25 20 1TEIF 4
BB 3447, S A O EEIANEANS % . &38R RKIRERGE T2 AR #74 PERMAPOL, {5
#1 PERMAPOL P-3. le BX3& PERMAPOL P-3 3£ PRC-Desoto International, Inc. .

[0078] FEARKRPIRFELELE TR T, ZEFHTENCEREELBYHAEY PUHA
1, ZEESRLBEDHE (@) ERIERLD ; 0) BFEAER I1D) KA R
(¢) FRERKBERIBSY, FlI0FKE BRAY  BH BB 5 = 2 EmAAY),
FMFERIR B . FE— L HRF, XENREIIEBRYT (@ f (b) FEELLRE 10 :90-90
10, 140 50 :50, XFER R A RSLRM IR EE LF| 5 7524564 55 1 =58 51 TR 2 &2
%67 1T, K5 BH A I NERNSE,

[0079] ZEFELHEHTED, Z AR AWEE LIRBMELREHNNA ST RF
HERELINERY, HIMELIWEEY, BE—LERTLEL B EEY, ETHEY
hAEEREASHEER., AREIHTRP, ZEMOR A YEE IR S H
RRASYPHEEEAKRTOEEY, FIIIAKTSOEEY, WELE—LEFERTAKRT
7 EEY, ETHEWTETIEERMATHESE.

[0080] FEILELME T RP, EHEHFNASWIEEEELT. TATRKAKELEA
EYPHERT R REEPEAREE RN SHRE SR E) BIEFER AR5
W Z R BEAR AL, XY A 10 48K H Bk, By F A 48K i, B B il ek
B R E A, FOAT AT BB AL B AN A0 AR A B A B, LA R ARG &6 n T &5 £ T
B 1 7 4 TR B A0 R L TR R R R - R AB A A B R R TE R IR AL & . = 1B TR ZE BURRR
B  FNZS A B B SR B A (4 ) 13 B o IO T A4

[0081] H4b, EHPHHMBERLNESRESWHER S, HAKELT LLE TR
F PR S A (BB, 1 A A SR AN R T AE A R TV E A (Flin Mn0,) RIRTE
P

[0082) AT FRUsEiE T EAASY (FHAMNZAAYPIR) MBS IUE
A FR I S, 40 R E J A T ATLAERL 1 B R BB AIBRBRES (CaCoy) , LA AR EEE . SENE
BRI A FEF R TEEEEF S 6525168 55 4 £24 23-55 /T PR ARLL, H 5| A4 E L
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BINENSHE, ARUE/ RS, ZHASYETE5-60 EE % HERBEERNAS, §
m10-50 EE2%, E T IZHAYHNEEE.

[0083] & T RIARAL A Z 40, % HFA YT UL iR AR THM—FEEM & EF.
b A 39 NI 7] L BRLAE TR BB SRR B ARG FEH e AT

[0084] AbASFIGII —FMREENAER0. 15 E8%, BT ZAAYNBER,

[0085] AT AN E AL EAFGINIEL EHHEEER0 IS EEY%, ETZA5Y
MEEE. FRNELTOEERETE BARART, 1,4- 282 - 0K [2.2.2] F4
( DABCO®, 77 & B Air Product, Chemical Additives Division, Allentown, PA)

DMP-30® (—FE¥E2,4,6-= (ZFREETE) MHMEFHEEY, 178 H Rohm and
Haas, Philadelphia, PA) .

[0086] FHMFFIGIINIERMRFEIMLFEHAER0. IS EEY%, AT ZHAYNSER. M
ESRHF (WBFEHKE) EFNAEEL0 - EE%. ETZASYNLESR.
EE B SR B A TR BE B AS, B 3R E Occidental Chemicals f¢) METHYLON Fy %
PG, A ML SR B a0 SR SR BUE A B RetbRELT, 203k B Momentive Performance
Material #7 Silquest A-187 #l Silquest A-1100. FERTGE A0 EFRFIEE L E &K
) CHA T EEFRA SR ERE) @ENFEER0.1-1 EEY%, HTiX
HEYMHBEE.,

[0087] FERESLHEHRP, ZEHNAAYOEMER, HAEZE D —BIFH T 7] LMER

38 3855 T A O PR A AR T,, F1R A6 18 B4k 19 7T RA A AV BARIE Be 38 hn kgl
HTFHBMPSHRESDHN T B MKETRE. ATHTARRBAESY R FELSEHTT R
() 38 98 40, 5 4 A AR % — R BR R G A SN S = B K. A s I BRI A A
BHRAEYH 1-40 EE%, Hl 1-10 EE %, FERESEETRF, BUATHAY T A
38 SE 50 R M R A B, BT DA PR AR R B AR R B T ERIE -50°C, Blanm B -55°C.
[0088]  fEF-LLsLiEF R D, % EHRIAE AW A — A — R EE P A VLIS I a0 R
A, HERFMo-15%EE, T ZAAGYHNSER, FlI/NT 16 BEE X HME—LIFR
T NT 10 EE%. :

(0089] AKRHHIEE / FHFUARAZE D —LIF 0 PRI L 752 (B M E 1 LK
SHEBERME . EARARAMN—SLET RSP, JRE X EREHEG AR AS 5127/1B
Sk BR, AR AMIGRE / BHFMERRIDH PR B8RS L 2/ 150N/ 25mm, 4§ 0 % />
200N/25mm, FIAEE M % £ 2D 50%, Bl E D> 90 % BE 7 — LF L & 100%.

[0090]  EESRARYAYA K B BIX L A0 H w7 HNE S T R HERR 2 1 SE R SR — 2 U .
[0091]  =2jfafs|

[0092]  =Ejf 1 & A B

[0093]  fif 12L [EJE VUSRS 35 & A Rk 2s, 3F B8 R, KA |0 BEES, H A HR 3k
FIRAN DA R MBE, [FZEmP 2N 2949. 8g(7. 845mol) KX MY A — 48 /K H it
Bk (2498 188),948. 8g(4. 162mol) AIXUEY A,418. 9g i 2- IF T E| A& Z. B 335. 3g 19 2- 2
BEOoE. AEASET. BEBEEAMAS 115°C. 7 115C, A 2. 9¢ 22 = H ik
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8 ($KH Sigma-Aldrich) . I E BRI, 3 B 1Z R RIEEYE 165 CELLL £
158 60 2%, FNZRAIBEYI TN 383. 3g i Ektasolve EEH( i H Eastman Chemical
Company) I 83. 6g K] 2- ZF B (FEE¥#% 90°CH ). 7£90°C, N 67. 9g (0. 430mol)
R EEEES, 115. 6g (1. 003mol) K 85% IEFERFN 24. Tg ] Ektasolve EEH KIVEEH. X
MG, BiZREIREWE 120°CHREF 30 4040, SRR ERE1E] 100C. 7E 100°C, ¥ 257. 6g
EBFKIEL 1L /RN, B2 E%ZRBIEEMIE 100°CREF 2 i ERD S
B HE| 90 C RN 324. 2g(2. 437mol) B = 5 A EZ BE AN 1487. 2g H) Cymel 1130( K H
Cytec Industries,Inc.). JGiZIB-ESMI7E 90°CIREE 30 948F. 15 7000g HIIXFhAL R £ 3]
5511. 4g FIEBTF/KF, BRI 1317. 0s BEHEBF K. FIEPIIA 366. 4g B 2- DH
H 78,225, 5g ¥ Optifilm400( 3k H Eastman Chemical Company) F1 5. 5g F{ Tektronic
150R1 ( 3X & BASFCorporation) . FE/EHNN 1045. 5g £ B FKHKF= 4 BUE, HAE 110°CH
L /NEF R BR N 39. 4%[5]123:0

[0094]  SEjGf] 2 .4 2 KBS

[0095] 1 3L & mﬁﬂéjﬁ?ﬁﬁﬁ%%?ﬁfﬁf#%,#—Eﬂ?ﬁm% IRV ED VA EE RS, P AR IR
FABAN DBEL M MAE, MiZEE PN 7058 (3. 75mol) B XM A — 46 7K H il
B (248 188),222. 6g(1.952mol) HIFNEY A,39¢ (0. 237Tmol) HIFHE R E K Ik (3R E
Sigma-Aldrich) 1 180. 3g () 2- IE T &R 28 . ERRE T BHMEMINKE 115°C. 7£
115°C, NN 0. 7g M Z R = E M8 (3R B Sigma-Aldrich) . K HIn#E BHATHEE,
I BB i MIRA YA 165°CERL B4R R 60 4. MNZRAIREHFIMAN 112g 1 2- IE
TEEZE (ZEEAHR 90°CH ). 7£90°C, DA 27. 6g # 85% IEWER . ERNG, B i%
REHBAYITE 120°CREF 30 204, SREK B E1E] 100°C. 7E 100°C, 4% 61. 6g K EHFK
L) 1N NN, 3 H2Z B i KBRS YI7E 100CHREF 2 /aT. ZEAA s, e R A%
90°CAIMMN 63. 8g B — F A BER%, 330. 5g K Cymel 1130(3KHE Cytec Industries,Inc.) Fl
40, 1g FISHE P E I, BiZB AW 90°CHREF 30 8. 18§ 1650g FIX Pt AR+
B 1350g B F/KF, B/ 315. 8g EEF/K, RIERGIA 390. 1g EEFK. REW
SHUETE 110°CHL 1 /J i fE BN 30. 3% [E] 44

[0096]  SEjEf 3 . 2K BE

[0097] & 3L Eéﬁ@e#ﬁ%ﬁ%ﬁmﬁﬁ, I B A S, KA ED V8BRS, e fRIR kK
MBS DL AN E . [AZ5R N 450g (2. 39mol) FYRANEY A Z 487K Hiti Bk ( =
£ 188),142. 1g (1. 25mol) B4 XL &) A, 15. 9g (0. 135mol) HJZE F —1H- UM 5- IR (KB
Sigma-Aldrich) #1115, 1gff) 2- IE T EEZEE . EESE N BEB MMM 11657C. £
115°C, AN 0. 5g B Z. 3 = ML 8% (K8 Sigma-Aldrich) . MM EBIBHAI 45,
H B 1% R MIRES M 165°CELLL_E R 60 o4h. MZRBIREWFIAN 71, 2g 1 2- 1E
TEHZE (AEAHB 90T ). 74 90°C, InA 17. 6g £ 85% IEBEEL . MG, ik
RILRSYTE 120 CREF 30 240, REH W HIF] 100°C, 7E 100°C, ¥ 39. 3g KIEEFK
AL 1R, B2 EHIZRSESYTE 100 CHREF 2 /M. B A, B ER R
90°CHIHNN 40. 7Tg B = TR EER%, 211. Og i Cymel 1130 ( 3k H Cytec Industries,Inc.) Ff
26. 1g FREE -1H- VUM -5- BREE. KZIB-AMITE 90°CIRTF 30 H+¥h. 1§ 1000g FYIX PR
P3| 814g =8 FKke, I BB %o BUEHEE | /N, BER IO 190. 9¢ 1K, Rfa&)a
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O 235.9¢ B EF K. REMDEUELE 110°CH 1 /N EERIY 36. 1 %[5

12/18 |

[0098] Sl 4 «H & Aok B E A EUA
[0099] 4 3L [BlJiC PUZM S HALE & A A RS, 3F B4 MK, K% H R BEaE, Al ARk

RSN DESL AN B, miZEmTEN 727,94 (3. 8Tmol) HIXEY A Z 48 /K H i Bk
( 248 188),229. 8g (2. 02mol) HIXUEY A K1 186. lgi) 2- E T HEZEE. ERSE T GHH
FEAINE 115°Co 76 115°C, NN 0. 7g B Z B = F AWML (3RE Sigma-Aldrich) . K
M E BT, 3 BB Z R IR S Y 165 CBLLA 1R 60 4. [M1iZRRIBEY+F
AN 115. 2g B9 2- IE TR E 28 (£ TR HF|90°CH ). 72 90°C, I 42. 2g B 2- FiFEE
g, 3 B % R SRR 30 8. FZRBIEAYIFINN 28. 5 17 85 % IEWERR . 7HH
5, %R SIRAYITE 120°CIREF 60 244, REK B A A F] 100°C. 7£ 100°C, ¥4 63. 6g K%
BFREL 1 /TN, 3F B2 EEZRMIEEYE 100°CREF 2 /Mt ERD S, HBE
BHIE| 90 C RPN 65. 8g i — B A EE MU 341. 3g # Cymel 1130 (3R H Cytec Industries,
Inc.) . BiZBESWIE 90°CIREE 30 23#. 45 1600g MIXFHA R HE R 1267, 4g ZEFOK
o, 5F B %A BA R 1 /N BESE AN 301. 8g =EFK, REREINA 372. 8¢ =E T
Ko BRAHISBUATE 110°CHI 1 /NI B BIR 9 34. 0% [E4k.

[0100] sCHEfE| 5-8 &l &Rl EE
[0101] %Hﬁ%%%ﬁ%%l%ﬂ%&ﬁﬁﬁ%(E%%)%%%mo%%ﬁ%%mﬁ
MEERHHFRLF,
(01021 FE1
[0103] :
B4 0% IS B K ES )
ST 1 B EUE |1632.7 |- — -
SR 2 Ay AR [— 1294. 1 — -
SR 3 MY EUR -~ - 1565.8 |-
SEHEG) 4 M EUE [ — - 1120. 1
Bk 331. 1 217.8 306. 8 217.8
FETK 1836. 2 988. 1 1727.5 1162. 1
pH* 8. 61 8. 81 8. 45 8.65
Bax (Q™M° 867 710 927 964
[0104] JREZUEIEI, ACPP-1120, 3k PPG Industries, Inc.,51. 4% [@E4E.
[0105]  *FH ACCUMET pH i+l &, H i B Fisher Scientific
[0106]) ‘HEFZEHE, KHEH YSI, Inc
[(0107] ASMER D E2EUEMABIMCEST. EHRET, BB 5EEFK—
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BINANIZ S EES, BRBEEREY 20%, 3 B SRIELLE 0.2 :1. 0. ETHBIERE
50% KSR, 3 BB EEFARRE .

[0108] A“legﬁ_ !%
[0109] K545 2024-T3 HARTE 130 F @i A F RIDOLINE 298 iFR (— i tig &7, 3k

I Henkel Corporation) A7 2 438hRiEvE. AEWIEEZE, EFIE LMK ZHKRFEANRE
KT 1450, SRIGIEFRE K4 ZE AR A DEOXIDIZER 6/16 ¥ ( —FhER LR &
#, 3K & Henkel Corporation) 48 =+, EBMEZ G, EHEZX MK ZERENE
Kok 1 44, BE R T BB K REEM L. EFEAMTEZERT TR,

[0110]  KSEHEH 5.6.7 A1 8 KR KA SR BB B ABREAR 2 °/," X6 "HR L. &
RSB STEE) 5 A 6 HIREHASIMRE 75 F (24°C) MG SEHfl 7 A 8 MR KA &
WINIE] 90 F (32°C ) K#HATH. BB TR ZERBNAFRREHEYHE D, 4R 5 KN
85-275 R4 90 ¥, H HAE 200 F (93°C ) #ME1k 30 H4p KL 0.8 HEHEE .

[0111]  ZEHFIME 2 {F & E PRC-DeSoto International, Inc. HJPR-1776 M B-2
TR R . RIS AS5127/1B FHl &/, HAF FTHEMSE MHAHEBEFNBEEE
2 W B AR . RTE AR 0.0057 B, RTR 17 Rk 127 K. HH&EEARE
SCOTCH BRITE 2 ™4 %, FHIARIIREE AS5127/1B BHAT A FIE Bt , FIARHE i 1 i 1Y Ve B {2 A

FXHERE B 14 K, AR HRAE AS5127/1B WRRIBIEK . HGRER 24

[0112] %2
[0113]
R L DL S Y Il I
¥ 1 N/25mm | 2 N/25mm | %3 N/25om | 4 N/25mm | 7 |
i _N/ 25mm
5 | 52 57 47 38 47 0
6 182 215 222 228 212 100
8 198 212 204 204 205 99

[0114] 'HEBERMEFNER LRNAFTFTHOAINESR
"UHE R REBEMNER ERAZE, EHAREREEL LNERNRE
U5 (G RRAERTEA B FIERIRER ).

[0115]

[0116]  SZjEHL 9 . il &2 Kt AR o HdA
[0117]  4& 121 B PUSMEEHE2E & # b 23, 35 B Sk, KA A ks, s iRk

FESN CELAsnsE , [ 3 N 2337, 4g(6. 216mol) FXUMY A 48K H i Bk
(248 188),751. 9g (3. 298mo1) fHIXLEY A, 332. 0g i) 2—- IE T F A& 2B 265. Tg ) 2- 28T
B, ARSE T EEBEEFMMNE 115°C. 7 115°C, A 2. 3g M Z A= gh (3R
& Sigma—-Aldrich) . K 3B BIMATEE, 3F B iR MR EWTE 165°CEEL EREF 60
AT % RS IR S NN 303. 8g i Ektasolve EEH(FR E Eastman Chemical Company)
066, 2¢ ) 2- ZECE (FEEXH1F) 90°CH ) . 7 90°C, AN 53. 8g (0. 340mol) KA E B}
B,91. 6g (0. 794mol) K9 85% IEMEEAN 19. 6¢ i Ektasolve EEH. ZEMAZ G, K iZR LR
15
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SMITE 120°CHRHE 30 2045, SR BBV AF] 100°C. 7F 100°C, % 204. 1g BIEB /KL 1
NN, 3 B 2 B %R MIEAYITE 100 CIRE 2 /Nt ZEIRA A, B e A ENE 90°C AN
HAN 256. 9g (1. 932mol) B HTAEEME, 1178. 5g B Cymel 1130( 3K H Cytec Industries,
Inc.) F01136. 1g(1. 144mol) f 2- I3 I MEME , 45 1% IR & W)7E 90 CAR%F 30 434 . 4§ 5600g
(X Fh A R B B 4484. 5g M E B F/K P, BE/FINA 1061. 5g EEZ R EBEFK. EEFN
A 295. 4g 1 2- CEELEE,181.8g B9 Optifilm 400( X H Eastman Chemical Company)
F1 4. 4g ) Tektronic 150R1( 3K BASF Corporation). BJ&, NN 842. Tg FI&EE FIKEK
PR EUR, BAE 110°CH 1 /MY 5 B 38. 6% B [E 44
[0118] S 10 -8 4 2 /K 4% A8 - EA
[0119]  { 120 [RERE VOSBRSS & Dbk 8%, FF ELAr A K, KIS 20 978 B 8% , e AR Rk
FIEASNOZTRAEINE, [BHZEMEPEN 2102. 9g (5. 593mol) HIXXEY A = 4a/K H i Bk
(248 188),663. 9g (2. 912mol) HIXUEY A, L18. 3g (0. 707mol) F 2- B3 K FEMEMER 537, Tg
f2- ETEREZE. £RAKE T, BGERFAAMAE 116°C. 7£ 1165°C, AN 2. 1g K&
=FEEMALE (FKE Sigma-Aldrich) . & HE AR EBHMIT UG, 3 BEZRBEIRESME
165°CE LA E1R¥F 60 4P, MIZRRIBEYFIN 332.9g ) 2- IETHEZEE (£ EA L
F|90°CH} ). 7E90°C, A 82.4g(0. 715mol) I 85% IEREER . TLIUIAG, BB Z X RIRE &)
FE 120°CR%F 30 2040, RIBWEAEE] 100°C. 7£ 100°C, %% 183. 7g MEEFKAEL 1 /b
KN, 3 B2 G Z R BB G YTE 100 CLREF 2 /M. ZEIRAS 2, B EA S 90°CHIIMA
190. 2g (1. 430mol) f] R TA B F1985. 9g ) Cymel 1130 ($KH Cytec Industries,Inc.).
¥ IR EWTE 90 CLREF 30 47 8h . 44 4800g X PhfA A 1 E) 3926. 5g = B F/KF, B 51N
A 918. 6g EEFK, REREIMA 1134. Tg FIEE FK. RARDBUEIE 110°CHI 1 /Maf
& RNk 37, 1 % B EAk .
(0120]  =Zjf] 11 . 81585 7K g BUs
[0121]  { 3000m] [BJ&E VU SM eI 25 &4 A Dbk 28, I B8 Hhk, KA H R A 8%, v B
H BN OB IR, %8 T 2 N 400. 8 (1. 0660mol) XL B A — 45
KH MRt (24 & 188),128.9g(0.565mol) BN EY A F1102.5g B 2- IET HAEZBE. 7£
BRERET,BHERBNMND 115°C, £ 115C, AN 0. 4g B H=F R (FH
Sigma-Aldrich) . & H M E B BAIE, F BRZRBIESYTE 165 CELL LIREF 60 5
. MiZRNBEWFIIN66.8g B9 2- IETEHEZE (FEFEAREB 90°CH ). 7£90C,
AN 19. 1g(0. 166mol) #) 85 % ILBEIR . TG, K iZ R MR SWITE 120 CIREF 30 o,
RIEEEWHIE] 100°C. 7E 100°C, 4% 35. 0g I E B FKAEL 45 SN, F HZ 5K %
RNIREYITE 100°CRERF 2 /MY RIS, B EAEE] 90°CHINA 53. 5g(0. 402mol) Y
—RAEER, 202 1g [f) Cymel 1130( 3k H Cytec Indus tries, Inc.) F190. 9g M SLHa ) 12
BIINEY. BiZiREWAE 90°CIRE: 30 A4, ¥ 900g I FhAL BHXHES] 708, 6g B F K
d, BRI 169. 3g EBF/K, RERGMA 209. 2g EBETF/K. BRARDHUAAE 110°CHI
1 /NIFFE BRI 38. 7% B B 4
[0122]  sScjffel 12 .4 i
[0123]  f 1L BRI SM e ss & A B 28, 3F B A MR, KA A4 BERS, B EHR L
FERNOBERFEMRE, [ZEEMPRIKEN 40. 2g FREEFIFUEME, 92. 5g i) EPON828
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192, 0g A REEFR. 1% R RNAT] 50°CH R 1/, FHE, EEIKEER (116T).
%R RIS 6 /N, 3 LA 20k R R SR AR B0 58 . KNI B s 118 C NG 3
RS (173g), MEIATIRERE. SAMMER 86% B, 1657 HE 0L %
BEFEHR A «

[0124] sE | 13-15 :# BB HEY

[0125]  IRAHAS YRR 3 R RS TEE (ERH) K5I&H. RALEYN pH
S REmI TR 3 H.

[o126] X3

[0127]
5% SEHEG) 13 |SEHESY 14 |SEHES] 15
LB O Mo B |1546.8 |- —
LR 10 BT RUE |- 2212.4 |-
SERE] 11 KRR |- - 1543. 6
B ¢ 331. 1 455.0  [331.1
EEFK 1922.2  [2555.1 [1925.4
pH’ 8.34 8. 69 8.25
ok (Q7)° 974 807 985

[0128] ZE@FIELD, B OBAEMARIMECERT. ARET, KOS5 EEFK—
BRI Z S EE . REBEERL 20%, FABE SMAELLE 0.2 :1. 0. EIHBERE
50% BB VB, A E B FKRE.

(0129)  JISRIEIE

[0130] 4545 2024-T3 #ARTE 130 FIETEAF| RIDOLING 298 ¥ ( —FhAg M & &7, 3%
B Henkel Corporation) H' 2 A4 3deiEid. EWMIFE G, THRRZ MK ZHRBEARE
KK FFE S 1 4340, SRIGIEFRBE S LT ARIE N\ DEOXIDIZER 6/16 Wl (—FERTEM &
7, 3t & Henkel Corporation) M4t =+%#. ABRMEZ &, EXFEA R ZETIEAB
sk 1 4 gh, B R AT 2B TOK BB g, A8 AR ZER S TR

[0131]  ESCHE®] 5.13.14 F 16 FIREHAS TR BIE B MBLER 2 °/," X6 "HR L.
X RE LTSS 5 A 13 B RHA-AMINEE] 75 F (24°C ) AL SERES] 14 A1 16 BRE
SHAMIINERE] 90 °F (32°C ) RBATHI. APEE T ZEBIRN TR RSB+, K5
FEHN 85-275 fR4% 90 £, 3F BAE 200 F (93°C ) ME4L 30 450k 0. 8 HEHHEE ,
AN SERER) 15, FLEAL T 60 734

[0132] 75 &M & {F AT E E PRC-DeSoto International, Inc. B PR-1776 M B-2
FHFRIEN . TR AR AS5127/1B k614K, A TEHHNRE AHEBEEFNEER
W RS SV RR A . ZTE R 0.005” B, RT2 17 Bk 127K, ER&aEAKA

17
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SCOTCH BRITE # ™ 586, FIVAFIMHE AS5127/1B HH4TVEFE v, FrAR 4R il 365 i (9 Ui B3 4
A& B PRC-DeSoto International, Inc. [ PR-148 M3 S{@ 7. g AR AL FFEE {5 /& N
BEZMETELN 14 K, RGEHRIE AS5127/1B MRRERE. ERER4IPLEE.

(0133] %4
[0134]
HEBE | HEBE | BRR | HBBA | FHUE |
KB | @S | REKL | CBREL | MK | CREL | BE | %
- N/25mm | N/25um | N/25mm | N/25mm | N/25mm |
. A 92 78 55 14 5 | 0
i B 51 97 80 1 75. 0
- A 71 64 47 42 56 3
b B 64 75 46 48 58 2
a A 234 227 238 204 226 100
B 156. 165 167 161 162 100
s A 46 51 59 53 52 0
N B 46 67 58 74 61 3
[0135] 'RIBRERBEFMNER LR AFFENANEE
[0136] ‘%R ERMIETEAEFNER FRAZE, BEHNEFEECK FHNERART
RIS (ERZ2EAEANEEHEHERRER) .
[0137] 16 ;i 2525 K A% A
[0138] 4 3L [E /& VO SRS A & B HE S, IF B A H K, KV 218004 B8, R (R4 kL

RSN QLA INE , [P 2N 727.9 473 (3. 8Tmol) HYXUEY A — 45K H i Bk
(45 188),229. 8g (2. 02mol) HIXUEY A F186. 1gh 2- ETEE 2. ZRSET, B HH
FAINIE 115°C. £ 115°C, AN 0. 7g B2 E=F R84 (3K H Sigma-Aldrich) . #
H i E BRI, H B i% R N IR SYTE 165°Ca A LR35 60 240, [[AliZRNIBEY)
FINAN 115. 2g B 2- IE TS 2.8 (7E %3 90°ChHY ) . 7E 90°C, N 28. 5g () 85% IE
R, I AEENG , B i1Z R SR A TE 120°CAR 5 30 4. MHiZRIB ST 41. 0g
B 2~ BRI AR IT R, IF B % MAE 120 CIREF 30 24, SR TG 2 £12) 100°C . 7£ 100°C,
1 63. 6g FIEBF/KEL L /T RN, FZ GG ZRALIREYIE 100 CLREF 2 /MY, 7
A S MG ERHEF 90 CRIGIA 65. 8g () — F A EERZ AT 341. 3g 1) Cymel 1130(3KH Cytec
Industries, Inc.) . ¥ iZIB-EME 90°CLRIF 30 24+, 5 1608g A AT K- £ 3 1295. 3¢
EBFKF, F B Z 0B 1D, BEEINA 305. 6g B FK, REREINA 377. 5¢
EBTK, Eﬁ%éf]ﬁa\‘ﬁ*ﬁt%ﬁ 1L0°CAN 1 /NEY 5 7R 9 34. 0% B (& 44

[0139] S X LR

/?*Jr‘lHA%xeﬁﬂﬁﬁ 5 Fﬁﬁﬂ?f]ﬁiﬁ%ﬂﬁﬁg (EEM) RHEH. RLHEYIH pH

[0140]
MFHEEHRFTRS P,
[0141] %5

[0142]
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CN 104797663 A R+ 17/18 7
0% SCHEf B
FLHEH 16 M EUR [1577.9
R ! 331. 1
EBTK 1891. 1
pH’ 8. 56
BEE (Q7)° 973

[0143] 'KEFEH, ACPP-1120, 3 E PPG Industries, Inc.,bl. 4% E4E,

[0144] A ACCUMET pH 18, H i B Fisher Scientific

[0145] ARSI FINE, K& H YSI, Inc

[0146] FEBAIFEIP, BOEUEIMARINCER D, EHET, HEEH S Z8FK—

RN ZS AT . REBNIERL 20%, H HEE SMAEELR 0.2 :1. 0. BITEBISRE
50 % F SR, 3F B 5 B 7B

(01471  JRKEE
[0148] 42 2024~13 ARAE 130 F@EITE AR RIDOLINE 298 & (—Fpg B, 3

H Henkel Corporation) ¥ 2 #4hRiEW. AEMBEEZ G, ERE XK ZHREANRE
SKEEEd | 440, SRIGTER B &8 1% E R I& N\ DEOXIDIZER 6/16 i ( —FhER i &
I, 3K & Henkel Corporation) W44t =+#. AMMEAZ G, EHBER K ZERENE
koK 1 4h, BB BT X B TR R A BNt . 7E6E A AT AR = SR

[0149]  MGSEREH] 17 HIRRHA S VIR BIEFH AR ER 2 °/,” X6 " HiR L. XRZED
WG 17 BNREHA-SInERE] 90 °F (32°C ) KHATH . EHREF T HZmMREAE R
FHAAE T, SRIEHEDN 85-275 R4 90 B, 3 BLFE 200 °F (93°C ) #[EIL 30 73 $h R LML
0.8 ZHHEE.

[0150] B3P & 2 (8 B 718 B PRC-DeSoto International, Inc. FJ PR-1776 M B-2
BRI A . TR RARYE AS5127/1B KAl &H1, RA TEM S EHEEFNEER
YW TEEE IR . Z9E &R 0.0057 B, RT2 17 Rk 127 K. Ehl&aFEHKE
SCOTCH BRITE # ™ B%, FlVAFIMYE AS5127/1B HHAT VAT Bt , AR 1 1 78 A9 Ui B 12
i€ [ PRC-DeSoto International, Inc. HJ PR-148 Bi{& S {7 W EMRTE 77 T 1 50%
FISHEE FTREAL 14 K, R ERIE AS5127/1B AR ERE . LERAFK 6 PHE.

[0151] X6
[0152]
BB | HBBL HBBE | HEBE | PHHE N
Sabd) | ksl | ‘ds2 | E%3 | RE4 R pEo T
N/25ms | N/25mm | N/25mm | N/25um | N/25mm
11 171 184 190 203 187 85
[0153] 'FEBEEUHEEZNEE ERAREMNINES

19
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[0154] ‘% EERMBEBEENER ERFFZ G, EHFREHELER EHERKNRE
MRS (&R RN EHAFHERREDH) .

lo155] B4R ETH T RN BN ELRMR T &% BN R R, HENFHHH A
N R SR U B4R BT LA AR R B4R HH 405 0 22 AR AL, T S Bt S B VA R SR e LI AR K
B,
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