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Description
NOVEL SILANE COUPLING AGENT AND METHOD FOR

MANUFACTURING THE SAME
Technical Field

The present invention relates to a novel silane coupling agent and a method for
manufacturing the same. More particularly, the present invention relates to a novel
silane coupling agent having urethane and pyridine functional groups, thus having

superior storage stability, and being useful in enhancing affinity of an organic resin

with an inorganic filler and improving adhesion property of a matrix resin type coating

layer to a substrate and a method for manufacturing the same.
Background Art

Because the silane coupling agent has two or more different functional groups in
one molecule, it is commonly used as medium for interconnecting organic and

inorganic materials, which are otherwise hard to be combined. One of the functional

groups, which may be methoxy or ethoxy, binds with inorganic materials such as glass,

metal, sand, etc. The other functional group, which may be vinyl, epoxy, amino,
methacryl or mercapto, reacts with organic materials such as a variety of synthetic
resins. With regard to these properties, a variety of silane coupling agents are used to
enhance affinity of organic resins with inorganic fillers or improve adhesion property
of matrix resin type coating layers to substrates. For a silane coupling agent to be able
to satisfy such needs, there should be chemical bonding or physical interactions
between the functional group of an organic resin and the organic functional group of
the silane coupling agent. In addition, there should be chemical bonding between the
alkoxysilyl group of the silane coupling agent and an inorganic filler or a substrate.
Accordingly, a variety of silane coupling agents having different organic functional
groups are currently used.

At present, silane coupling agents containing urethane groups are widely used.
Japanese Patent Publication No. Hei 10-67787 discloses a method of manufacturing a

silane coupling agent by thermal treatment of isocyanate silane and diethanolamine.

Japanese Patent Publication No. Hei 11-335378 discloses a method of manufacturing a

silane coupling agent by reacting aminosilane with vinylbenzyl chloride and
isocyanate. However, silane coupling agents having organic functional groups such as

suitable for the case in which hydroxy groups (-OH) are present in the matrix resin are

insufficient, as yet.

It is an object of the present invention to provide novel, useful silane coupling agent

capable of binding with a matrix having hydroxy groups and a method for manu-
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facturing the same.
Disclosure of Invention
Technical Solution
To attain the object, the present invention provides a silane coupling agent

represented by Formula 1 below:

ChemistryFigure 1
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where each of R' and R’ is hydrogen or CI-C3 alkyl, a is an integer from O to 3, each
of R*, R*, R’ and R’ is selected from the group consisting of hydrogen, CI—C10 alkyl,
halogen, trifluoroalkyl and alkoxyalkyl and n is an integer from 1 to 3.

The present invention also provides a method of manufacturing the silane coupling
agent represented by Formula 1, which is characterized by reacting isocyanate and
pyridinol in a reaction solvent at room temperature in the presence of a catalyst.

The isocyanate may be selected from the group consisting of
1-trimethoxysilylmethyl isocyanate, 2-trimethoxysilylethyl isocyanate,
3-trimethoxysilylpropyl isocyanate, 1-triethoxysilylmethyl isocyanate,
2-triethoxysilylethyl isocyanate and 3-triethoxysilylpropyl isocyanate.

The pyridinol may be selected from the group consisting of 2-hydroxypyridine,
5-chloro-2-pyridinol, 4-methyl-2-pyridinol, 5-trifluoromethyl-2-pyridinol and
4-methoxymethyl-2-pyridinol.

The catalyst may be selected from the group consisting of lead stannate, dibutyltin
dilaurate, dibutyltin maleate, dibutyltin diacetate, dibutyltin dilauryl mercaptide and
dimethyltin dichloride.

The reaction solvent may be selected from the group consisting of a halogenated
alkyl solvent, a cyclic ether solvent and an aromatic organic solvent.

The halogenated alkyl solvent may be selected from the group consisting of
chloroform, methylene chloride and dichloroethane. The cyclic ether solvent may be
tetrahydrofuran or dioxin. And, the aromatic organic solvent may be selected from the
group consisting of benzene, toluene and xylene.

The molar ratio of the isocyanate to the pyridinol may be 1:1.

Hereunder is given a more detailed description of the present invention.
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According to the present invention, urethane and pyridine groups, which have good
binding ability to hydroxy groups, are introduced into the silane coupling agent in
order to improve adhesion property to a matrix resin having hydroxy groups.

The silane coupling agent according to the present invention has two kinds of
reacting functional groups. One forms chemical bonding with an organic material, and
the other forms chemical bonding with an inorganic material. For example, the tri-
alkoxysilyl group reacts with silanol, which is present on the surface of inorganic
material such as silicate, to form a chemical bonding. Also, depending on the
functional groups present in the matrix resin to be bound, several organic functional
groups may be introduced into the silane coupling agent. Here, designing an adequate
organic group to be introduced into the silane coupling agent may be the key to form a
selective chemical bonding to the specific functional group of the resin.

Isocyanate is reacted with pyridinol in order to introduce a urethane group to the
silane coupling agent, the target compound. When organometallic catalyst such as
dibutyltin dilaurate is used, the target compound may be obtained at room temperature
with good production yield within 2-3 hours. Without catalyst, the reaction hardly
proceeds at room temperature and byproducts tend to be generated at an elevated
temperature.

The isocyanate may be 1-trimethoxysilylmethyl isocyanate, 2-trimethoxysilylethyl
isocyanate, 3-trimethoxysilylpropyl isocyanate, 1-triethoxysilylmethyl isocyanate,
2-triethoxysilylethyl isocyanate, 3-triethoxysilylpropyl isocyanate, etc.

The pyridinol, the other reactant, may be 2-hydroxypyridine, 5-chloro-2-pyridinol,
4-methyl-2-pyridinol, 5-trifluoromethyl-2-pyridinol, 4-methoxymethyl-2-pyridinol,
etc.

Preferably, the isocyanate and the pyridinol are reacted at a molar ratio of 1:1.
Using equimolar reactants, waste of starting materials can be reduced.

In the reaction of the isocyanate and the pyridinol, lead stannate, dibutyltin
dilaurate, dibutyltin maleate, dibutyltin diacetate, dibutyltin dilauryl mercaptide,
dimethyltin dichloride, etc. may be used as catalyst.

The reaction may be performed in a halogenated alkyl solvent such as chloroform,
methylene chloride and dichloroethane; a cyclic ether solvent such as tetrahydrofuran
and dioxin; or an aromatic organic solvent such as benzene, toluene and xylene.

In order to evaluate the resultant silane coupling agent’s usefulness as a silane
coupling agent by reacting with hydroxyl groups of a matrix resin, the following test is
performed. In order to evaluate the effectiveness of the silane coupling agent as
adhesion-promoting additive for improving adhesion property to a substrate, a matrix
resin having hydroxy groups is synthesized and its adhesion property to glass is

examined.
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[25] The acrylic resin used in the present invention is obtained from copolymerization of
a (meth)acrylate ester monomer having a C1-C12 alkyl group and a vinylic monomer
having a hydroxy group. The (meth)acrylate ester monomer having a C1-C12 alkyl
group may be butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, ethyl (meth)acrylate,
methyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)acrylate, t-butyl
(meth)acrylate, pentyl (meth)acrylate, n-octyl (meth)acrylate, isooctyl (meth)acrylate,
isononyl (meth)acrylate, etc. These monomers may be used alone or in admixture. The
vinylic monomer having a hydroxy group may be 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 2-hydroxyethylene glycol (meth)acrylate,
2-hydroxypropylene glycol (meth)acrylate, etc.

[26] A crosslinking agent is added to the matrix resin having hydroxy groups, along with
the silane coupling agent, in order to measure the change of adhesion property due to
the silane coupling agent. The crosslinking agent may be tolylene diisocyanate,
diphenylmethane diisocyanate, hexamethylene diisocyanate, a trimethylolpropane
adduct of tolylene diisocyanate, etc.

[27] Depending on needs, a plasticizer, an acrylic oligomer, an emulsifier, a birefringent
low molecular weight compound, an epoxy resin, a hardener, a UV stabilizer, an an-
tioxidant, a colorant, a modifier, a filler, etc. may be added to the acrylic resin.

[28] Because the urethane and pyridine functional groups present in the silane coupling
agent according to the present invention has good binding ability to the matrix having
hydroxy groups, the silane coupling agent can enhance affinity to an inorganic filler
and improve adhesion property to a substrate, when used as an additive.

Best Mode for Carrying Out the Invention

[29] Hereinafter, the present invention is described in more detail through examples.

However, the following examples are only for the understanding of the present

invention and the present invention is not limited to or by the examples.

[30] [Example 1]
[31] Synthesis of silane coupling agent A
[32] 9.5 g of 2-hydroxypyridine was dissolved in 200 mL of THF. 24.7 g of

3-triethoxysilylpropyl isocyanate and 0.6 g of dibutyltin dilaurate were added.
Reaction was performed for 2 hours while stirring at room temperature and under
nitrogen atmosphere.

[33] After the reaction was completed, the solvent was removed under reduced pressure.
The product was dried in vacuum. 32.5 g of silane coupling agent A represented by
Formula 2 below was obtained. The yield was 95 %.

[34] ChemistryFigure 2
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[35] The resultant compound was colorless liquid. NMR analysis result was as follows.
[36] 'H NMR (CDC13, 300 MHz): 0.72(t, 2H), 1.24(t, 9H), 1.76(m, 2H), 3.43(m, 2H),
3.83(q, 6H), 6.34(t, 1H), 6.60(d, 1H), 7.42(m, 1H), 8.43(m, 1H), 10.64(s, 1H).
[37] “CNMR (CDC13, 300 MHz): 2.50, 12.97, 17.56, 38.22, 53.10, 101.61, 117.28,
126.92, 135.93, 147.23, 159.87.
[38] [Example 2]
[39] Synthesis of silane coupling agent B
[40] 13 g of 5-chloro-2-pyridinol was dissolved in 200 mL of THF. 24.7 g of

3-triethoxysilylpropyl isocyanate and 0.6 g of dibutyltin dilaurate were added.
Reaction was performed for 2 hours while stirring at room temperature and under
nitrogen atmosphere.

[41] After the reaction was completed, the solvent was removed under reduced pressure.
The product was dried in vacuum. 33 g of silane coupling agent B represented by

Formula 3 below was obtained. The yield was 88 %.

[42] ChemistryFigure 3
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[43] The resultant compound was colorless liquid. NMR analysis result was as follows.
[44] 'H NMR (CDC13, 300 MHz): 0.72(t, 2H), 1.24(t, 9H), 1.76(m, 2H), 3.43(m, 2H),
3.83(q, 6H), 6.45(d, 1H), 7.51(d, 1H), 7.67(s, 1H), 10.64(s, 1H).
[45] “CNMR (CDC13, 300 MHz): 2.50, 12.97, 17.56, 38.22, 53.10, 112.11, 119.74,

136.81, 147.23, 159.87, 161.05.
[46] [Example 3]
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[47] Synthesis of silane coupling agent C
[48] 11 g of 5-trifluoromethyl-2-pyridinol was dissolved in 200 mL of THF. 24.7 g of

3-triethoxysilylpropyl isocyanate and 0.6 g of dibutyltin dilaurate were added.
Reaction was performed for 2 hours while stirring at room temperature and under
nitrogen atmosphere.

[49] After the reaction was completed, the solvent was removed under reduced pressure.
The product was dried in vacuum. 33 g of silane coupling agent C represented by

Formula 4 below was obtained. The yield was 92 %.

[50] ChemistryFigure 4
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[51] The resultant compound was colorless liquid. NMR analysis result was as follows.
[52] 'H NMR (CDC13, 300 MHz): 0.72(t, 2H), 1.24(t, 9H), 1.76(m, 2H), 3.43(m, 2H),
3.83(q, 6H), 6.45(t, 1H), 6.72(d, 1H), 8.39(m, 1H), 10.64(s, 1H).
[53] “C NMR (CDCIS, 300 MHz): 2.50, 12.97, 17.56, 38.22, 42.55, 53.10, 101.43,
116.28, 126.67, 135.13, 145.11, 159.87.
[54] [Example 4]
[55] Synthesis of silane coupling agent D
[56] 10.9 g of 4-methyl-2-pyridinol was dissolved in 200 mL of THF. 24.7 g of

3-triethoxysilylpropyl isocyanate and 0.6 g of dibutyltin dilaurate were added.
Reaction was performed for 2 hours while stirring at room temperature and under
nitrogen atmosphere.

[57] After the reaction was completed, the solvent was removed under reduced pressure.
The product was dried in vacuum. 33 g of silane coupling agent D represented by
Formula 5 below was obtained. The yield was 93 %.

[58] ChemistryFigure 5
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[59] The resultant compound was colorless liquid. NMR analysis result was as follows.
[60] 'H NMR (CDC13, 300 MHz): 0.72(t, 2H), 1.24(t, 9H), 1.76(m, 2H), 2.45(s, 3H),

3.43(m, 2H), 3.83(q, 6H), 6.45(t, 1H), 7.42(d, 1H), 8.43(m, 1H), 10.64(s, 1H).
[61] “C NMR (CDC13, 300 MHz): 2.50, 12.97, 17.56, 20.05, 38.22, 53.10, 101.64,
117.27, 126.87, 135.33, 147.11, 159.87.
[62] [Example 5]
[63] Synthesis of silane coupling agent E
[64] 12.5 g of 4-methoxy-2-pyridinol was dissolved in 200 mL of THF. 24.7 g of

3-triethoxysilylpropyl isocyanate and 0.6 g of dibutyltin dilaurate were added.
Reaction was performed for 2 hours while stirring at room temperature and under
nitrogen atmosphere.

[65] After the reaction was completed, the solvent was removed under reduced pressure.
The product was dried in vacuum. 34 g of silane coupling agent E represented by

Formula 6 below was obtained. The yield was 91 %.

[66] ChemistryFigure 6
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[67] The resultant compound was colorless liquid. NMR analysis result was as follows.
[68] 'H NMR (CDC13, 300 MHz): 0.72(t, 2H), 1.24(t, 9H), 1.76(m, 2H), 3.43(m, 2H),
3.59(s, 3H), 3.83(q, 6H), 6.45(t, 1H), 7.42(d, 1H), 8.43(m, 1H), 10.64(s, 1H).
[69] “C NMR (CDC13, 300 MHz): 2.50, 12.97, 17.56, 38.22, 53.10, 55.21, 101.64,
117.27, 126.87, 135.33, 147.11, 160.82.
[70] [Example 6]
[71] Preparation of acrylic copolymer
[72] To a 1000 U reactor equipped with nitrogen gas reflux and an easily temperature-

controlled cooler was added a monomer mixture comprising 98 parts by weight of n-
ethyl acrylate (EA) and 2 parts by weight of 2-hydroxyethyl methacrylate (2-HEMA).
230 parts by weight of ethyl acetate (EAc) was added as solvent. Purging was
performed with nitrogen gas for 20 minutes in order to remove oxygen. The
temperature was maintained at 70 °C. After homogenizing the mixture, 0.03 part by
weight of azobisisobutyronitrile (AIBN) diluted to 50 % in ethyl acetate was added as
reaction initiator. Reaction was performed for 7 hours to obtain an acrylic copolymer
having a molecular weight (measured using a polystyrene standard sample) of 900,000.
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[73] Preparation of acrylic resin composition for adhesion property test

[74] To 100 parts by weight of the resultant acrylic copolymer were added 1.5 part by
weight of a tolylene diisocyanate adduct of trimethylolpropane (TDI-1), as poly-
functinal isocyanate crosslinking agent, and 0.1 part by weight of silane coupling agent
A synthesized in Example 1. The composition was diluted to an adequate con-
centration, mixed homogeneously and coated in between glass and PET film using a
press roller.

[75] [Example 7]

[76] The procedure of Example 6 was performed, except that silane coupling agent B
synthesized in Example 2 was used instead of silane coupling agent A.

[77] [Example 8]

[78] The procedure of Example 6 was performed, except that silane coupling agent C
synthesized in Example 3 was used instead of silane coupling agent A.

[79] [Example 9]

[80] The procedure of Example 6 was performed, except that silane coupling agent D
synthesized in Example 4 was used instead of silane coupling agent A.

[81] [Example 10]

[82] The procedure of Example 6 was performed, except that silane coupling agent E
synthesized in Example 5 was used instead of silane coupling agent A.

[83] [Comparative Example 1]

[84] The procedure of Example 6 was performed, except that silane coupling agent was
not added.

[85] [Comparative Example 2]

[86] The procedure of Example 6 was performed, except that ethyl-
3-(triethoxysilyl)propyl carbamate was used instead of silane coupling agent A.

[87] [Comparative Example 3]

[88] The procedure of Example 6 was performed, except that
2-(dimethylamino)ethyl-3-(triethoxysilyl)propyl carbamate was used instead of silane
coupling agent A.

[89] [Testing Example]

[90] Adhesion property of the acrylic resin compositions prepared in Examples 6-10 and
Comparative Examples to glass was evaluated as follows. The result is given in Table
1 below.

[91] Adhesion strength to glass (180°peeling strength)

[92] Glass plates coated with the acrylic resins prepared in Examples 6-10 and

Comparative Examples were kept at room temperature for 1 hour. Then, they were
kept under a dry condition of 60 °C and a wet condition of 60 °C and 90 % R.H. for 10
hours. After keeping at room temperature again for 2 hours, adhesion strength to glass
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[93]

[94]
[95]

[96]

[97]

was measured with a tensile strength tester at a speed of 300 mm/min and with an

angle of 180°.
Table 1
Adhesion strength to glass
Category (g/25mm)
Dry condition Wet condition
Example 6 490 6380
Example 7 400 550
Example 8 450 630
Example 9 470 610
Example 10 460 600
Comparative Example 1 110 90
Comparative Example 2 115 200
Comparative Example 3 120 250

As shown in Table 1, the acrylic resin compositions of Examples 6-10, in which the
silane coupling agent according to the present invention was added, showed much
superior adhesion property to glass to that of Comparative Example 1, in which no
silane coupling agent was added, and those of Comparative Examples 2 and 3, in
which the silane coupling agent having urethane group only was added.

Industrial Applicability

As apparent from above description, the urethane and pyridine groups present in the
compound according to the present invention enhances adhesion property to a matrix
resin having hydroxy groups. Accordingly, the silane coupling agent according to the
present invention can be used in various applications to improve storage stability,
enhance affinity of organic resins to inorganic fillers or improve adhesion property of
coating layers made of matrix resins to substrates.

While the present invention has been described in detail with reference to the
preferred embodiments, those skilled in the art will appreciate that various modi-
fications and substitutions can be made thereto without departing from the spirit and
scope of the present invention as set forth in the appended claims.
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Claims

A silane coupling agent represented by Formula 1 below
[Chemistry Figure 1]

RG
R5
o N ~
I
(REO); , (R10),—Si—(CH,), NCO~ 7 ™,
R3

H

where each of R' and R” is hydrogen or CI—C3 alkyl, a is an integer from O to 3,
each of R’, R*, R” and R’ is selected from the group consisting of hydrogen, CI—C
0 alkyl, halogen, trifluoroalkyl and alkoxyalkyl and n is an integer from 1 to 3.
A method of preparing the silane coupling agent represented by Formula 1 by
reacting isocyanate and pyridinol at room temperature in a reaction solvent in the
presence of a catalyst.

The method of claim 2, wherein the isocyanate is selected from the group
consisting of 1-trimethoxysilylmethyl isocyanate, 2-trimethoxysilylethyl
isocyanate, 3-trimethoxysilylpropyl isocyanate, 1-triethoxysilylmethyl
isocyanate, 2-triethoxysilylethyl isocyanate and 3-triethoxysilylpropyl
isocyanate.

The method of claim 2, wherein the pyridinol is selected from the group
consisting of 2-hydroxypyridine, 5-chloro-2-pyridinol, 4-methyl-2-pyridinol,
S-trifluoromethyl-2-pyridinol and 4-methoxymethyl-2-pyridinol.

The method of claim 2, wherein the catalyst is selected from the group consisting
of lead stannate, dibutyltin dilaurate, dibutyltin maleate, dibutyltin diacetate,
dibutyltin dilauryl mercaptide and dimethyltin dichloride.

The method of claim 2, wherein the reaction solvent is selected from the group
consisting of a halogenated alkyl solvent, a cyclic ether solvent and an aromatic
organic solvent.

The method of claim 6, wherein the halogenated alkyl solvent is selected from
the group consisting of chloroform, methylene chloride and dichloroethane; the
cyclic ether solvent is tetrahydrofuran or dioxin; and the aromatic organic solvent
is selected from the group consisting of benzene, toluene and xylene.

The method of claim 2, wherein the molar ratio of the isocyanate to the pyridinol
is 1:1.



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2005/001549

A.  CLASSIFICATION OF SUBJECT MATTER
IPC7 CO7F 7/18

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC7 CO7F, C0O7C, CO7D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Patents and Applications for Inventions since 1975

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used)
CAS on-line(REG, MARPAT, CA)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
© A+ . | EP 480688 BL. (CIBA-GEIGYAG)6MARCH 1996 .., . s |1
e Seethewholedocument ' R ' Sl :
A 10067787 A'NITTO BOSEKICO) 10 NOVEMBER 1998 PR 18
See the whole document
A JP 11335378 A (NITTO BOSEKI CO.) 7 DECEMBER 1999 1-8
See the whole document
----------------- End of documents
I_____l Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority -
“A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or aﬁer the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)- considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
18 AUGUST 2005 (18.08.2005) 19 AUGUST 2005 (19.08.2005)
Name and mailing address of the ISA/KR Authorized officer
_ Korean Intellectual Property Office
- 920 Dunsan-dong, Seo-gu, Daejeon 302-701, KIM, YONG
7 Republic of Korea
Facsmxle No. 82-42-472-7140 Telephone No.  82-42-481-8148

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2005/001549
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 489688 B1 06.03.1996 CA 2056751 G 04.06.2002
JP 03230060 B2 19.11.2001
JP 10067787 A 10.11.1998 None
JP 11335378 A 07.12.1999 None

Form PCT/ISA/210 (patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

