
EP 0 284 027 B1 Description This invention relates to an anaerobically
curing adhesive sealing composition suitable for sealing a joint composed
of different materials having different coefficients of thermal expansion.
5      Sealing of joints of automobile engines, such as a joint between an
oil pan and an engine block, a joint between an engine head and a head
cover, and a joint of a transmission, have hitherto been effected by the
use of a liquid adhesive sealing composition. Examples of known liquid
adhesive sealing compositions include alkyd resins, synthetic rubber
resins, phenolic resins, acrylic resins and silicone resins. In recent
years, there has been a tendency that the joint surfaces, e.g., flange
surfaces, to which an 10 adhesive sealing composition is applied are
composed of plural different materials, for example, different metals.
Therefore, when heat is applied to such an adherend, the stress imposed on
the sealing material on the adherend increases due to a difference in
coefficient of thermal expansion among the materials constituting the
adherend. As a result, the seal itself is caused to peel off or break so
that the seal looses its sealing properties. In order to improve the
properties of an adhesive sealing composition to follow the 15 adherend
surface (hereinafter referred to as following properties), various
proposals have been made to impart softness and elasticity to the sealing
compound. However, such an improvement of adhesive sealing compositions is
accompanied by deterioration of sealing properties, such as chemical
resistance, oil resistance, heat resistance or weather resistance. On the
other hand, silicone based sealing compositions exhibit excellent
elasticity and following properties but are 20 inferior in oil resistance
at high temperatures. Hence, none of the conventional sealing compositions
show excellent resistance to heat and oil as well as satisfactory softness
and elasticity. In some cases, conventional sealing compositions cause oil
leakage when applied to parts which are in contact with hydraulic oil and
are subjected to temperature changes due to heating. When, in particular,
the adherend is composed of different materials, it is more difficult to
attain satisfactory following properties. 25     Acrylic reactive sealing
compositions are excellent in oil resistance as described, for example, in
U.S. Patent 3,837,963. However, they are inferior in elasticity and
following properties and are not applicable to adherends composed of
different materials, and particularly those subjected to a large change of
tempera- ture. EP-A-0008202 discloses anaerobically curing sealing
compositions comprising dicyclopentenyloxyethyl 30  methacrylate,
possessing seals with reduced hardness and brittleness. It is the object of
this invention to provide an anaerobically curing adhesive sealing
composition which exhibits excellent elasticity and following properties
even when applied to an adherend composed of plural materials having
different coefficients of thermal expansion or to an adherend subjected to
a large change of temperature. 35     The present invention relates to an
anaerobically curing adhesive sealing composition comprising (A) 5 to 20%
by weight of a mono(meth)acrylate monomer represented by formula (1) R
[ERR] 45 50 



55 2    EP0284027B1 wherein [err] represents a hydrogen atom or a methyl
group; and R2 represents [ERR] 10 20 and (B) 15 to 60% by weight of a
(meth)acrylate prepolymer having a urethane structure in the main chain
thereof and having an average molecular weight of 10,000 or more. The
present invention further relates to an anaerobically curing adhesive
sealing composition compris- ing the above-described components (A) and
(B), and further up to 70% by weight of (C) a (meth)acrylate prepolymer
having a urethane structure in the main chain thereof and having an average
molecular weight 25 of 5,000 or less. In formula (I), R2 may be substituted
with a methyl group, an ethyl group, a halogen atom, a hydroxy group and/or
a carboxyl group. Specific examples of the mono(meth)acrylate monomer which
can be preferably used as component (A) in the present invention are shown
below. 30 35 40 45 50 55 3    EP 0 284 027 B1 (1) [ERR] 25 (3) 35 The
(meth)acrylate prepolymer which can be used as component (B) has a urethane
structure in the main chain thereof and has at least one polymerizable
ethylenically unsaturated double bond at the terminal thereof. The average
molecular weight of component (B) is 10,000 or more, and preferably ranges
from 40  10,000 to 100,000. If the average molecular weight of component
(B) exceeds 100,000, the reactivity of the prepolymer is reduced, making it
difficult to cure the resulting composition at room temperature. If it is 



lower than 10,000, satisfactory following properties of the cured product
cannot be obtained. The molecular weight herein defined is measured by gel
permeation chromatography. The (meth)acrylate prepolymer (B) can be
obtained by reacting a polyether polyol and an organic 45 diisocyanate at a
molar ratio (the former/the latter) of 1/1 to 2/2 in a diluent to form a
polyurethane prepolymer and reacting the resulting prepolymer with a
(meth)acrylate monomer having active hydrogen in an amount sufficient to
react with all the remaining isocyanate groups of the polyurethane
prepolymer. 50 55 4    EP 0 284 027 B1 Examples of the polyether polyol to
be used includes those represented by formulae (II) to (V) [ERR] 10 (V) 35
wherein [err] and [err] each represents an integer of from 1 to 5. The
polyether polyols may be used alone or as a mixture thereof. The component
(C) which can be used in the present invention is a urethane type
(meth)acrylate prepolymer having a urethane structure in the main chain
thereof and having at least one polymerizable double bond in the terminal
thereof. The average molecular weight of component (C) is 5,000 or less,
and 40 preferably ranges from 500 to 5,000. If the average molecular weight
is less than 500, the resulting sealing composition becomes hard upon
curing so that the property to follow the adherend is reduced. If it
exceeds 5,000, the cured product exhibits insufficient releasability. The
urethane type prepolymer (C) can be obtained, for example, by reacting a
polyester diol or polyester polyol represented by formula (VI), (VII) or
(VIII) either alone or a mixture thereof with an organic 45  diisocyanate
at a molar ratio (the former/the latter) of 1/1 to 1/2 to obtain a
polyurethane prepolymer and reacting the resulting prepolymer with a
(meth)acrylate monomer having active hydrogen in an amount sufficient to
react with all the remaining isocyanate groups in the prepolymer: [ERR] 55
wherein p and q each represents an integer of from 1 to 5; r represents an
integer of from 2 to 6; [err] represents an integer of from 1 to 6; [err]
and [err] each represents a hydrocarbon group (e.g., an alkylene group)
having from 2 to 6 carbon atoms which may be substituted with a methyl
group, a hydroxy group, a carboxyl group and/or a halogen atom; 5    EP 0
284 027 B1 



[ERR] wherein p, q, and r are as defined above; and 10 [ERR] wherein p and
q are as defined above; and [err] represents 20 [ERR] or a hydrocarbon
group (e.g., an alkylene group) having from 2 to 6 carbon atoms which may
be substituted with a methyl group, a hydroxy group, a carboxyl group
and/or a halogen atom. 30     The incorporation of component (C) into the
sealing composition improves elasticity, stretchability and releasability
of the cured product while its adhesive strength is reduced. Therefore,
although the sealing composition containing component (C) is not suitable
for application to parts where a high adhesive strength is required, the
composition is effective to increase ease of disassembly of flanges and is
suitable as a liquid gasket or for use in application to areas where high
elasticity is required, such as vibration insulators. 35    In the
preparation of the components (B) or (C), specific examples of the organic
diisocyanate to be reacted with the polyether polyol, polyester diol, or
polyester polyol include diphenylmethane isocyanate (MDI), tolylene
diisocyanate (TDI), xylene diisocyanate (XDI), isophorone diisocyanate
(IPDI), naphthalene diisocyanate (NDI), tolidine diisocyanate (TODI),
hexamethylene diisocyanate (HDI), dicyclohexylmethane diisocyanate (HMDI),
trimethylhexamethylene diisocyanate (TMHDI). Of these, preferred are HDI,
HMDI, and 40 TMHDI. These organic diisocyanates can be used either
individually or in combinations of two or more The (meth)acrylate monomer
having active hydrogen to be reacted with a prepolymer includes mono-
(meth)acrylates of dihydric alcohols, e.g., ethylene glycol, propylene
glycol, 1,3-propanediol, 1,3-butanediol, 1,4-butanediol, polyethylene
glycol; and mono(meth)acrylates or di(meth)acrylates of trihydric alcohols,
e.g., trimethylolethane, trimethylolpropane, glycerine. These compounds can
be used either individually or in 45 combinations of two or more. The
average molecular weights of the components (B) and (C) can be controlled
not only by setting the molar ratio of the organic diisocyanate to the
polyether polyol, polyester diol, or polyester polyol within the
above-recited ranges but also by selecting the amount of the diluent to be
used. The diluent can be contained in the urethane (meth)acrylate
components (B) and (C) so as to suppress increase in viscosity of so  the
urethane (meth)acrylate components during preparation thereof. The diluent
can also be added to the sealing composition to control the viscosity of
the composition. 55 6    EP 0 284 027 B1 The diluent which can be used
includes (meth)acrylates represented by the following formulae: [ERR] 10 



20 wherein X represents a hydrogen atom or a methyl group; and m represents
1 or 2, such as phenoxyethyl acrylate, phenoxy polyethylene glycol
acrylate, 2-hydroxy-3-phenoxypropyl acrylate. The anaerobically curing
adhesive sealing composition of the present invention contains from 5 to
20% 30 by weight of component (A), from 15 to 60% by weight of components
(B) and (C) in total, and from 30 to 70% by weight of the diluent.
Component (C) may be contained in an amount of 70% by weight or less,
preferably up to 50% by weight, based on the total weight of components (B)
and (C). If the amount of component (A) is less than 5% by weight the
stretchability of the resulting cured product tends to be reduced, and if
it exceeds 20% by weight the following properties are deteriorated. If the
amount of 35 component (B) or components (B) and (C) in combination is less
than 15% by weight, the rubber elasticity of the cured product is reduced
and if it exceeds 60% by weight, the viscosity of the sealing composition
increases so that it becomes difficult to handle the composition. Further,
when component (C) is more than 70% by weight based on the total weight of
components (B) and (C), the resulting cured product exhibits less
elongation. If the amount of the diluent is less than 30% by weight, the
viscosity of the sealing 40 composition increases, resulting in difficulty
in handling the composition, and if it is more than 70% by weight, the
viscosity is too low to use the composition as a sealing material. In
addition to the above-described components, the anaerobically curing
adhesive sealing composition according to the present invention further
comprises a polymerization accelerator, which may be previously
incorporated into component (A), (B) or (C), or may be added to the
composition as an independent 45 component. The polymerization initiator to
be used is not particularly limited. Any of the conventional polymerization
initiators known to be effective in polymerization of (meth)acrylate
monomers for obtaining an anaerobically curing alkyl type adhesive
composition, such as those described in Japanese Patent Publication No.
20555/76, can be employed. Typical examples of such polymerization
initiators are diacyl peroxides, peroxy so esters, dialkyl peroxides,
hydroperoxides, ketone peroxides and peroxy ketals. Particularly preferred
are hydroperoxides, e.g., cumene hydroperoxide, t-butyl hydroperoxide,
etc.; dialkyl peroxides, e.g., 2,5- dimethyl-2,5-di(t-butylperoxy)hexyne-3;
and cyclic peroxy ketals, e.g., 3,6,6,9,9-pentamethyl-3-n-butyl-
1,2,4,5-tetraoxycyclononane,
3,6,6,9,9-pentamethyl-3-(sec-butyl)-1,2,4,5-tetraoxycyclononane. These
poly- merization initiators may be used either individually or in
combinations of two or more. 55     The polymerization accelerator to be
used is not particularly limited and can be selected appropriately
according to the relation to the polymerization initiator used. For
example, known polymerization accelera- tors to be used for polymerization
of (meth)acrylate monomers in the preparation of an anaerobically curing
alkyl type adhesive composition, e.g., those disclosed in Japanese Patent
Publication No. 20555/76, can be 7    EP 0 284 027 B1 employed. Typical
examples of such polymerization accelerators include organic sulfonimides,
tertiary amines, primary amines (e.g., primary alkyl-amines), and secondary
amines (e.g., heterocyclic secondary 



amines). If desired, the adhesive sealing compound of the present invention
may further contain other additives 5  for the purpose of imparting desired
properties to the composition, such as plasticisers, dyes, fillers,
thixotropic agents, aggregates, stabilisers and polymerization inhibitors.
The above-described polymerization accelerators, polymerization initiators
and other additives can be used arbitrarily insofar as the desired
performance properties can be obtained without impairing the anaerobic
property and adhesive sealing properties of the sealing composition. 10
For the purpose of imparting ultraviolet curing properties to the sealing
composition, a photopolymeriza- tion initiator, e.g., benzophenone, benzoin
alkyl ethers, 2,2-dimethoxy-2-phenylacetophenone, 2,2-diethox-
yacetophenone, 1-hydroxycyclohexyl phenyl ketone, benzyl dimethyl ketal,
benzyl-[err]-methoxyethyl acetal, methyl benzoyl, acetophenone,
dimethylthioxanthone, 4-methoxybenzophenone, 4-isopropyl-2-hydroxy-2-
methylpropiophenone, 2-hydroxy-2-methylpropiophenone,
2-methoxyanthraquinone, can be incorporated 15 into the sealing
composition. By incorporating the photopolymerization initiator, the
adhesive sealing composition applied onto areas subject to air exposure,
i.e., surfaces in contact with air or the squeeze-out of the adhesive
sealing composition, can be cured easily and completely by irradiating the
sealing composition with ultraviolet rays under given conditions. Further,
incorporation of phosphoric ester type additives into the adhesive sealing
composition of the 20 invention is effective to improve adhesion and
photo-curing properties as well as heat-curing properties. The cured
product of the adhesive sealing composition according to the present
invention exhibits excellent heat resistance and oil resistance as
inherently possessed by acrylate type adhesive composition, combined with
excellent properties to follow the surface of adherends and excellent
durability. It is particularly suitable for adhesion and sealing of parts
composed of plural materials having different 25 coefficients of thermal
expansion to markedly ensure sealing performance. Accordingly, the adhesive
sealing composition of the present invention is suitably applicable to
parts of hydraulic controlling mechanisms and internal combustion engines,
such as a joint between a flange part of an oil pan and an engine block, a
joint between an engine head and a head cover and a joint of a
transmission. In these uses, sealing materials preferably having an
elongation of more than about 100% and a tensile strength of not 30 less
than 981 kPa 10 kg/[err] but generally not more than 3923 kPa 40 kg/cm2 are
required. The sealing composition of the invention is also applicable to
large-sized flanges accompanied by large positional deviation on working.
It has been conventionally proposed to impregnate an anaerobically curing
composition mainly compris- ing a (meth)acrylic ester into a sheet to form
a gasket. According to this technique, however, since the 35 cured product
is too hard, the resin of the sheet gasket sandwiched between flanges is
broken upon application of pressure, thereby lessening the sealing
properties. To the contrary, when a sheet gasket impregnated with the
anaerobically curing adhesive sealing composition of the present invention
is cured under an air-free condition while being pressed between flanges,
the cured product is not broken by impact or pressure due to its high
elasticity, thus maintaining superior sealing properties. 40    In
addition, it is possible to apply the adhesive sealing composition
according to the present invention by screen printing. The composition of
the present invention can be used in a wide range of applications including
the 



above-described application, such as adhesion of planes, joining of various
parts, locking of screws, fixing of shaft couplings, and the like. 45
The anaerobically curing adhesive sealing composition of the invention
remains uncured in a liquid state for a long period of time while being in
contact with air or oxygen, but is readily polymerized upon being applied
onto an adhered in an air- or oxygen-free atmosphere or upon excluding air
or oxygen after application to an adherend. The anaerobically curing
adhesive sealing composition of the invention may be formulated into a one-
50 part system room-temperature curing type or two-part system comprising a
part containing a polymerization initiator and another part containing a
polymerization accelerator which are combined on use. The present invention
is now illustrated in greater detail with reference to Examples and
Comparative Examples. In these examples, all parts, percents and ratios are
by weight unless otherwise indicated. 55 8    EP 0 284 027 B1 EXAMPLE 1 1)
Synthesis of Urethane (Meth)acrylate Prepolymer (U-1) 5     A diol (0.19
mol) having formula: [ERR] CH3 wherein n represents an integer of from 1 to
5, and 0.2 mol of TMHDI were mixed in the presence of 15
butylhydroxytoluene (BHT) as polymerization inhibitor, and to the mixture
was added dibutyltin dilaurate as catalyst in an amount of 0.01% by weight
based on the mixture. Further, phenoxyethyl acrylate was added thereto as
diluent in the same weight as that of the diol-TMHDI mixture. The amount of
the polymerization inhibitor was 0.4% by weight based on the total weight
of the diol, TMHDI, and the diluent. The resulting mixture was allowed to
react at [err]  for 2 hours. 20     Then, 0.02 x 2 mols of 2-hydroxyethyl
methacrylate was (2-HEMA) added to the reaction mixture to synthesize
polyurethane methacrylate. The resulting prepolymer was designated as U-1.
U-1 was estimated to have an average molecular weight between 50,000 and
70,000 as determined by gel-permeation chromatography (GPC). 25  2)
Synthesis of Urethane (Meth)acrylate Prepolymer (U-2) A diol (1.4 mol)
having formula: 30 [ERR] and 2 mols of HDI were mixed in the presence of
0.4% by weight, based on the total weight of the diol, DHI and the diluent
described later, of BHT as polymerization inhibitor, and to the mixture was
added 0.01% by 40 weight, based on the mixture, of dibutyltin dilaurate as
catalyst. Further, phenoxyethyl acrylate was added thereto as diluent in
the same weight as that of the diol-HDI mixture. The resulting mixture was
allowed to 



react at [err]  for 2 hours. Then, 2 mols of 2-hydroxyethyl acrylate was
added to the reaction mixture, and the reaction was continued for an
additional 2 hours to synthesize polyurethane methacrylate. The resulting
prepolymer was 45  designated as U-2. U-2 was estimated to have an average
molecular weight of about 20,000 as determined by GPC. EXAMPLE 2 50     A
polyester polyol (1.0 mol) obtained from adipic acid and 1,4-butanediol was
mixed with 2 mols of TMHDI in the presence of 0.4%, based on the polyester
polyol-TMHDI mixture, of BHT as polymerization initiator. To the mixture
was added 0.01%, based on the mixture, of dibutyltin dilaurate as catalyst.
The resulting mixture was allowed to react at [err]  for 1 hour. Then, at
least 3 mols of 2-HEMA was added to the mixture, and the reaction was
continued for an 55 additional 1 hour to obtain polyurethane methacrylate
having an average molecular weight of about 1,000. The resulting urethane
prepolymer was designated as U-3. 9    EP 0 284 027 B1 EXAMPLE 3 The
following components were mixed at the indicated composition ratios to
obtain various an- aerobically curing adhesive sealing compositions
(Samples 1-11). 5 Sample 1: U-1                                70 parts
Phenoxyethyl acrylate              20 parts 10
Dicyclopentenyloxyethyl methacrylate   10 parts Disodium
ethylenediaminetetraacetate    0.02 part Oxalic acid
0.01 part o-Benzoic acid sulfimide            1 part Cumene hydroperoxide
1 part 15                         N-ethylmetatoluidine                0.2
part Sample 2: 20                         U-1
50 parts U-3                                20 parts Phenoxyethyl acrylate
20 parts Dicyclopentenyloxyethyl methacrylate   10 parts Disodium
ethylenediaminetetraacetate    0.02 part 25                         Oxalic
acid                         0.01 part o-Benzoic acid sulfimide
1 part Cumene hydroperoxide                1 part 



N-ethylmetatoluidine                0.2 part 30 Sample 3: U-1
50 parts 35                         U-3                                20
parts Phenoxyethyl acrylate              25 parts Dicyclopentenyloxyethyl
methacrylate    5 parts Disodium ethylenediaminetetraacetate    0.02 part
Oxalic acid                         0.01 part 40
o-Benzoic acid sulfimide             1 part Cumene hydroperoxide
1 part N-ethylmetatoluidine                0.2 part 45 Sample 4: U-2
75 parts Phenoxyethyl acrylate              25 parts
Dicyclopentenyloxyethyl methacrylate    5 parts 50
Disodium ethylenediaminetetraacetate    0.02 part Oxalic acid
0.01 part o-Benzoic acid sulfimide            1 part Cumene hydroperoxide
1 part N-ethylmetatoluidine                0.2 part 10    EP 0 284 027 B1
Sample 5: U-2                                50 parts U-3
20 parts 5                          Phenoxyethyl acrylate              20
parts Dicyclopentenyloxyethyl methacrylate   10 parts Disodium
ethylenediaminetetraacetate    0.02 part Oxalic acid
0.01 part o-Benzoic acid sulfimide            1 part 10
Cumene hydroperoxide                1 part N-ethylmetatoluidine
0.2 part 15                         Sample 6: U-1
50 parts Phenoxyethyl acrylate              15 parts 



Dicyclopentenyloxyethyl methacrylate   15 parts Disodium
ethylenediaminetetraacetate    0.02 part 20                         Oxalic
acid                         0.01 part o-Benzoic acid sulfimide
1 part Cumene hydroperoxide                1 part N-ethylmetatoluidine
0.2 part 25 Sample 7: U-1                                50 parts 30
U-3                                20 parts Phenoxyethyl acrylate
10 parts Dicyclopentenyloxyethyl methacrylate   20 parts Disodium
ethylenediaminetetraacetate    0.02 part Oxalic acid
0.01 part 35                         o-Benzoic acid sulfimide            1
part Cumene hydroperoxide                1 part N-ethylmetatoluidine
0.2 part 40 Sample 8: U-2                                50 parts U-3
35 parts Phenoxyethyl acrylate               5 parts
Dicyclopentenyloxyethyl methacrylate   10 parts Disodium
ethylenediaminetetraacetate    0.02 part Oxalic acid
0.01 part o-Benzoic acid sulfimide            1 part Cumene hydroperoxide
1 part 50                         N-ethylmetatoluidine                0.2
part 55    EP 0 284 027 B1 Sample 9: U-1                                20
parts U-2                                20 parts 5
U-3                                20 parts Phenoxyethyl acrylate
20 parts Dicyclopentenyloxyethyl methacrylate   20 parts Disodium
ethylenediaminetetraacetate    0.02 part 



Oxalic acid                         0.01 part 10
o-Benzoic acid sulfimide            1 part Cumene hydroperoxide
1 part N-ethylmetatoluidine                0.2 part 15 Sample 10: U-1
40 parts Phenoxyethyl acrylate              45 parts
Dicyclopentenyloxyethyl methacrylate   15 parts 20
Disodium ethylenediaminetetraacetate    0.02 part Oxalic acid
0.01 part o-Benzoic acid sulfimide            1 part Cumene hydroperoxide
1 part 25                         N-ethylmetatoluidine                0.2
part Sample 11: 30                         U-1
40 parts U-3                                40 parts Phenoxyethyl acrylate
10 parts Dicyclopentenyloxyethyl methacrylate   10 parts Disodium
ethylenediaminetetraacetate    0.02 part 35                         Oxalic
acid                         0.01 part o-Benzoic acid sulfimide
1 part Cumene hydroperoxide                1 part N-ethylmetatoluidine
0.2 part 40 Test 1: A cured product of each of Samples 1 and 11 was
evaluated for hardness (Shore hardness, A scale), 45 elongation, tensile
strength, and peel strength. These tests were carried out using No. 2
dumbbell specimens prepared according to JIS K6301. The results obtained
are shown in Table 1 below. For comparison, the same evaluations were made
on "TB 1131" (polyester methacrylate produced by Three Bonds Co., Ltd.) as
comparative sample (Comparative Example 1). 50 55 12    EP 0 284 027 B1
Table 1 Sample No.             Hardness  Elongation (%)  Tensile Strength
kPa(kgf/[err])  Strength (kg) 



5                      1      32          190                 1569(16)
2.5 2     36           170                1765(18)               0.4 3
26           200                1177(12)               0.3 4     20
240                  883(9)                2.0 5     34           180
1569(16)               0.4 10                     6      40          150
2157(22)               3.0 7     60           110                3138(32)
0.6 8     34           175                1667(17)               0.3 9
72           90                 3923(40)               0.4 10     45
160                2354(24)               1.8 11    38
165                 1667(17)               0.3 Comparative Example 1    90
30                 4903(50)               1.0 As can be seen from Table 1,
the cured product of Samples 1 to 11 according to the present invention are
excellent in stretchability and elasticity and satisfactorily follow the
surface of an adherend. It is also apparent that the cured products of
Samples 1, 4, 6, and 10 exhibit high adhesive strength to an adherend and
that the cured products of Samples 2, 3, 5, 7, 8, 9, and 11 exhibit
excellent releasability. TEST 2: 25     No. 2 dumbbell specimens for
testing oil resistance were prepared from Samples 1, 2, 3, 5, 6, 8, and 10
in the same manner as in Test 1. In order to evaluate resistance to oil and
cooling water, the specimen was immersed in oil A, B or C or cooling water
hereinafter described under the conditions shown, and a percent change in
weight between before and after the immersion was determined from the
following equation [Percent Change in Weight] = ([err] -W)/W x 100 wherein
W is the weight of the specimen before the immersion and [err] is that
after the immersion. The results obtained are shown in Table 2. 35  Oil A:
Gear oil (75W-90); [err] x 7 days Oil B: Automatic transmission fluid
(ATF); [err]  x 7 days Oil C: Engine oil (10W-30); [err] x 7 days Cooling
Water: 50% Long life coolant (LLC); [err] x 7 days. 40 45 50 55 13    EP 0
284 027 B1 Tabl e 2 Cooling 5             Sample No.          Oil A    Oil
B    Oil C              Water 



(%)        (%)          (%)          (%) 1            -1.8       -1.2
+1.2         +3.5 10                   2             -1.5       -1.0
+1.0         +3.0 3            -1.6       -1.0        +1.1         +3.1 5
-1.4       -1.0        +0.8         +3.0 6            -1.6       -1.0
+1.2          +3.3 8            -1.5       -0.8        +1.0          +3.2
20                  10             -1.7       -1.1        +1.2
+3.4 It is apparent from the results of Table 2 that the cured products of
the present invention retain excellent resistance to oil and cooling water
as possessed by acrylate adhesive sealing compositions. 25 TEST 3: Test
specimens for determining Fe shearing adhesion (100 mm x 25 mm x 1.6 mm)
were prepared according to JIS G3141. Each of Samples 2, 3, 5, and 8
containing components (A), (B) and (C) was 30  applied to a 10 mm wide
overlap of the specimen. After allowing the specimens to stand at [err] for
24 hours, they were placed in a drying oven at [err]  or [err]  each for 10
days, 20 days or 30 days. The specimens were taken out of the drying oven,
cooled to room temperature and evaluated for heat resistance (Fe/Fe) by
determining the adhesive strength under shear according to JIS K6850. The
results obtained are shown in Table 3. 36     For comparison, the same
evaluation was made on "TB 1131" (Comparative Example 2). Table 3 40
Sample No.              Blank (kgf/cm2)   Temperature       After Strength
kPa (kg/[err]) 10 Days   20 Days     30 Days 2                 23.0
[err]     2373(24.2)  3275(33.4)    3119(31.8) [err]    2589(26.4)
3413(34.8)    3648(37.2) 45             3                  21.0
[err]      2275(23.2)  2991(30.5)    3060(31.2) [err]   2452(25.0)
3275(33.4)    3746(38.2) 5                 24.0          [err]
2471(25.2)  3373(34.4)    3481(35.5) [err]   2667(27.2)  3825(39.0)
3874(39.5) 50             8                  22.0         [err]
2393(24.4)  3383(34.5)    3452(35.2) [err]     2628(26.8)  3874(39.5)
4040(41.2) Comparative Example 2       64.0         [err]      8140(83.0)
9218(94.0)   10787(110.0) [err]    8728(89.0)  9316(95.0)   11768(120.0) 55
As is shown in Table 3, the cured products of the samples containing
components (A), (B) and (C) according to the present invention exhibit not
only excellent releasability but excellent heat resistance as possessed by
the conventional acrylate adhesive sealing composition with little change
with time. On the 14   



EP 0 284 027 B1 other hand, the comparative sample suffers large change of
heat resistance with time. TEST 4: 5      Each of Samples 1, 2, 3, 5, 6, 8,
and 10 was applied between a pair of flanges, one made of iron and the
other made of aluminum, each having an inner diameter of 100 mm and a 10 mm
wide overlap, and the flange joint was pressed under a pressure of 3923 kPa
(40 kg/[err]), followed by allowing to stand for 24 hours. The joint was
placed in a thermal cycle tester and subjected to thermal change, one hour
at -40 * C and one hour at [err]  making a cycle. After 100 cycles, the
joint was taken out of the tester and sealing 10 properties were determined
using turbing oil as a medium to be sealed up. The results obtained are
shown in Table 4 below, in which the values [kPa (kg/cm2)] mean the force
imposed on the turbine oil at the point when the turbine oil leaks from the
sealed joint. For comparison, the same evaluation was made using TB 111 OB
or TB 1131 (products of Three Bonds Co., Ltd.) (Comparative Examples 3 and
4). 15 Table 4 Sample No.             Blank kPa(kg/[err])   After 100
Cycles (kg/[err]) 20                                  1       2648(27)
2059(21) 2       2354(24)              1863(19) 3       2157(22)
1765(18) 5       2354(24)              1863(19) 6       2746(28)
1961(20) 25                                  8       2157(22)
1863(19) 10       2550(26)              1863(19) Comparative Example 3
1765(18)               294(3) Comparative Example 4      2157(22)
392(4) 30     From the results of Table 4, it can be seen that when a
flange joint is composed of different materials, i.e., iron and aluminum,
the conventional adhesive sealing composition shows poor properties to
follow the surface of the flange due to a difference of coefficient of
thermal expansion between the different materials and suffers extreme
reduction of sealing performance when subjected to thermal change. To the
contrary, 35  the sealing compositions according to the present invention
exhibit superior sealing properties even when applied to parts that are
made of different materials and also subjected to heat change. As described
above, the anaerobically curing composition comprising the components (A)
and (B) according to the present invention retains excellent
characteristics possessed by acrylate adhesive sealing compositions, such
as oil resistance, heat resistance, and the like, and exhibits, upon
curing, excellent 40 elasticity and following properties to show
satisfactory sealing performance. It is particularly noteworthy that the
cured sealing material of the present invention exhibits superior sealing
properties because of its excellent following properties even when applied
between different materials having different coefficients of thermal
expansion and is, therefore, suitable for application to large-sized
flanges which are liable to large positional deviation on working. 



Further, the anaerobically curing adhesive sealing composition comprising
the components (A), (B), and 45 (C) according to the present invention
exhibits excellent releasability in addition to the above-described
performance properties. Such releasability can be taken advantage of when
the sealing composition is utilized as, for example, a liquid gasket
because it can be easily removed for exchange of parts. Moreover, since the
anaerobically curing adhesive sealing composition according to the present
invention exhibits elasticity upon curing, it can be used as impregnated
into a porous sheet, non-woven fabric. Claims 55 1. An anaerobically curing
adhesive sealing composition comprising 15    EP 0 284 027 B1 other hand,
the comparative sample suffers large change of heat resistance with time.
TEST 4: 5     Each of Samples 1, 2, 3, 5, 6, 8, and 10 was applied between
a pair of flanges, one made of iron and the other made of aluminum, each
having an inner diameter of 100 mm and a 10 mm wide overlap, and the flange
joint was pressed under a pressure of 3923 kPa (40 kg/[err]), followed by
allowing to stand for 24 hours. The joint was placed in a thermal cycle
tester and subjected to thermal change, one hour at [err] and one hour at
[err]  making a cycle. After 100 cycles, the joint was taken out of the
tester and sealing 10   properties were determined using turbing oil as a
medium to be sealed up. The results obtained are shown in Table 4 below, in
which the values [kPa (kg/[err])] mean the force imposed on the turbine oil
at the point when the turbine oil leaks from the sealed joint. For
comparison, the same evaluation was made using TB 1110B or TB 1131
(products of Three Bonds Co., Ltd.) (Comparative Examples 3 and 4). 15
Table 4 Sample No.             Blank kPa(kg/[err])   After 100 Cycles
(kg/[err]) 20                                 1       2648(27)
2059(21) 2       2354(24)              1863(19) 3       2157(22)
1765(18) 5       2354(24)              1863(19) 6       2746(28)
1961 (20) 25                                 8       2157(22)
1863(19) 10       2550(26)              1863(19) Comparative Example 3
1765(18)               294(3) Comparative Example 4     2157(22)
392(4) 30     From the results of Table 4, it can be seen that when a
flange joint is composed of different materials, i.e., iron and aluminum,
the conventional adhesive sealing composition shows poor properties to
follow the 



surface of the flange due to a difference of coefficient of thermal
expansion between the different materials and suffers extreme reduction of
sealing performance when subjected to thermal change. To the contrary, the
sealing compositions according to the present invention exhibit superior
sealing properties even when 35 applied to parts that are made of different
materials and also subjected to heat change. As described above, the
anaerobically curing composition comprising the components (A) and (B)
according to the present invention retains excellent characteristics
possessed by acrylate adhesive sealing compositions, such as oil
resistance, heat resistance, and the like, and exhibits, upon curing,
excellent 40 elasticity and following properties to show satisfactory
sealing performance. It is particularly noteworthy that the cured sealing
material of the present invention exhibits superior sealing properties
because of its excellent following properties even when applied between
different materials having different coefficients of thermal expansion and
is, therefore, suitable for application to large-sized flanges which are
liable to large positional deviation on working. Further, the anaerobically
curing adhesive sealing composition comprising the components (A), (B), and
(C) according to the present invention exhibits excellent releasability in
addition to the above-described performance properties. Such releasability
can be taken advantage of when the sealing composition is utilized as, for
example, a liquid gasket because it can be easily removed for exchange of
parts. Moreover, since the anaerobically curing adhesive sealing
composition according to the present invention exhibits elasticity upon
curing, it can be used as impregnated into a porous sheet, non-woven
fabric. Claims 1. An anaerobically curing adhesive sealing composition
comprising 55 15    EP 0 284 027 B1 (A) 5 to 20% by weight of a
mono(meth)acrylate monomer represented by formula (I) [ERR] 10
(I) wherein [err] represents a hydrogen atom or a methyl group; and [err]
represents 15 20                             [ERR] 25 30 and (B) 15 to 60%
by weight of a (meth)acrylate prepolymer having a urethane structure in the
main chain thereof and having an average molecular weight of at least
10,000. 35 2. The anaerobically curing adhesive sealing composition of
claim 1, wherein said mono(meth)acrylate 



monomer is a compound represented by [ERR] a compound represented by
formula: 50 [ERR] 55 or a compound represented by formula:    EP 0 284 027
B1 [ERR] 3. The anaerobically curing adhesive sealing composition of claim
1, wherein said (meth)acrylate 10     prepolymer has an average molecular
weight of from 10,000 to 100,000. 4. The anaerobically curing adhesive
sealing composition of claim 1, which further comprises (C) up to 70% by
weight of a (meth)acrylate prepolymer having a urethane structure in the
main chain thereof and an average molecular weight of at most 5,000. 15 5.
The anaerobically curing adhesive sealing composition of claim 4, wherein
said (meth)acrylate prepolymer as component (C) has an average molecular
weight of from 500 to 5,000. 6. The anaerobically curing adhesive sealing
composition of claim 1, which further comprises a 20
photopolymerization initiator. 7. The anaerobically curing adhesive sealing
composition of claim 1 or 4 which further comprises 30 to 70% by weight of
a diluent. 25  PatentansprUche 1. Anaerob aushArtende klebende
Dichtungszusammensetzung umfassend (A) 5 bis 20 Gew.-% eines durch die
Formel (I) dargestellten Mono(meth)acrylatmonomers 30 CH2-C-c- Q-R2 95
0                        (I) worin Ri ein Wasserstoffatom oder eine
Methylgruppe bedeutet; und R2 40 CH 3    CH3 45
oder CH3 50 -CH2CH2-0 55 bedeutet und 17 



EP 0 284 027 B1                            I lIlIII hLl III 11118 11111 * c
L       s* (B) 15 bis 60 Gew.-% elnes (Meth)acrylatprepolymers mit einer
Urethanstruktur in seiner Hauptkette und mit elnem mittleren
Molekulargewicht von mindestens 10000. 2. Anaerob aushartende klebende
Dichtungszusammensetzung nach Anspruch 1, worin das Mono(meth)- ;
acrylatmonomer eine Verbindung ist, die dargestellt wird durch CF.3   CH 3
eine Verbindung, die dlargestellt w~ird durch Formel: 20 i 3 CH2-C-C-O 25
3 oder eine Verbindung, die dargestellt wird durch Formel: 30 ~ ~ ~ ~ ~ ~~~
C7z2'C-C--CffCff2S2_ 20~~~~~~~ 95 3.Anaerob aushartende klebendle
Dichtungszusammensetzung nach Anspruch 1, woriln dlas (Meth)-
acrylatprepolymer ein mdifleres Molekulargewicht von r0000 bis 100000 hat.
40 4. Anaerob aushartende klebendle Dichtungszusammensetzung nach Anspruch
1, welche ferner umfa~t (C) bis zu 70 Gew.-% eines (Moth)acrylatpropolymers
mit einer Urethanstruktur in seiner Hauptkette und eine6  mittleren
Molekulargewicht von hdchstens 5000. 45  5. Anaerob aushartende klebende
Dichtungszusammensetzung nach Anspruch 4, worin das (Meth)-
acrylatprepolymer als Komponente (C) ein mittleres Molekulargewicht von 500
bis 5000 hat. 6. Anaerob aush~rtende klebende Dichtungszusammensetzung nach
Anspruch 1, welche femer einen Photopolymerisationsinitiator umfamt. so 7.
Anaerob aushartende klebende Dichtungszusammensetzung nach Anspruch 1 odor
4, welche femer 30 bis 70 Gew.-% eines Verdtlnnungsmittels umfaBt.
Revendlcatlons 66 1. Composition d'6tanchdit4 adh6sive a r~ticulation
anadrobie, comprenant: 18    



EP 0 284 027 B1I                            111111 .U    11111 Il  IIJ *C
L  M  S* (A) 5 a 20% en poids d'un monombre de mono(m6th) acrylate
reprdsent4 par la formule (l) R CH    =      -  C -    0       R II
(I) 0 10 dans laquelle RI reprdsente un atome d'hydrogbne ou un groupe
m6thyle; et R2 repr~sente 15                     CH3         CH3
o~~~~~~~~~~~u 20 CH3 26 -CH2CH2-0o 30 et (B) 15 a 80% en poids d'un
prdpolymbre de (m6th)acrylate ayant une structure ur~thane dans la chaihe
principals de celul-ci et ayant un poids moldculaire moyen d'au moins 10
000. 35 2. Composition d'6tanch6itd adhdsive & r6ticulation ana~robie selon
la revendication 1, dans laquelle ledit monombre de mono(m6th)acrylate est
un compos8 represent6 par CH3        CH3 C H 3 - CH3 un compos4 reprdsent4
par la formule: 40 CH3 2 0 51 19    EP 0 284 027 B13
I      11111 II I liii I! *C   L  M ou un compos4 repr~sontd par la
formule: -6                            CH3 CH2 = C - C - 0 - CH2CH2 2    0
3.Composition d'dtanchdit adh~sive A rdticulation anadrobie solon la
revendication 1, dans laquelle ledit 



pripolymbre de (mdth)acrylate a un poids mol~culaire moyen de 10 000 a 100
000. 15 4. Composition d'4tanch6itd adhdsive a rdticulation anadrobie solon
la revendication 1, qui comprend de plus (C) jusqu'a 70% en poids d'un
pr~polymbre de (m~th)acrylate ayant une structure ur~thane dans la chalhe
principale de colul-ci 1t un poids moldculaire moyen d'au plus 5 000. 20 5.
Composition d'6tanch~it6 adhtsive a reticulation ana~robie solon la
revendication 4, dans laquslle ledit pr6polymbre de m6th(acrylate) en tant
quo composant (C) a un poids moldculaire moyen de 500 & 5 000. 26  6.
Composition d'4tanchditd adhesive & rdticulation anadrobie selon la
revendicati on 1, qui comprend de plus un initiateur de
photopolymdrisation. 7. Composition d'6tanchdit6 adhdsive a rdticulation
anadrobie solon la revendication 1 ou 4, qui comprend de plus 30 & 70% on
poids d'un diluant. 30 36 40 46 60 55 20    


