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Description

TECHNICAL FIELD

[0001] The present invention relates to a binder resin which, when used in an inorganic fine particle-dispersed paste
composition, leaves little amount of residual carbon after sintering and can be degreased even under low temperature
conditions. The present invention further relates to a vehicle composition and an inorganic fine particle-dispersed paste
composition, which are obtained by using the binder resin.

BACKGROUND ART

[0002] In recent years, an inorganic fine particle-dispersed paste composition, which is provided by dispersing inorganic
fine particles such as electrically conductive powders, ceramic powders, and glass powders in a binder resin, has been
used to obtain a fired body of various shapes. For example, an electrically conductive paste provided by dispersing
electrically conductive powders in a binder resin has been used for formation of a circuit, production of a capacitor, or
the like. Also, a ceramic paste or a glass paste provided by dispersing ceramic powders or glass powders, respectively,
in a binder resin has been used in production of a dielectric layer of a plasma display panel (hereinafter, referred also
to as PDP), a laminated ceramic capacitor, or the like.
[0003] A sintered body of the aforementioned kind of inorganic fine particle-dispersed paste composition in a  desired
shape is obtainable when the inorganic fine particle-dispersed paste composition is processed into a predetermined
shape by, for example, screen printing, coating using a doctor blade, casting for sheet processing, or some other methods,
and then fired. Screen printing is especially suitable for mass production among the exemplified methods.
Currently, ethylcellulose is often used as a binder resin for printing materials. An inorganic fine particle-dispersed paste
composition for printing is printed on a substrate, and then heated and fired for thermal decomposition of the binder
resin so as to provide a layer consisting of inorganic fine particles. However, the firing needs to be performed at high
temperatures to prevent organic matters from remaining due to low thermal decomposition properties of ethylcellulose.
Therefore, use of ethylcellulose unfavorably requires high production energy or takes a lot of time.
[0004] For the above reason, ethylcellulose has not been suitably used as a binder resin especially in the case where
inorganic fine particles with low heat resistance are used.
On the other hand, Patent Document 1 discloses a paste composition containing an acrylic resin with excellent thermal
decomposition properties. The inorganic fine particle-dispersed paste composition containing the acrylic resin can be
fired at low temperatures in a short time because of the excellent thermal decomposition properties of the binder resin.
However, even this kind of binder resin needs to be decomposed at a still lower temperature when used in combination
with some kinds of inorganic fine particles including a low-melting-point glass such as bismuth oxide having a softening
point of 400°C or lower, electrically  conductive fine particles of copper, and silver, which are easily oxidized in sintering,
or the like.
[0005] In light of the aforementioned problems, examinations have been conducted recently on use of a polyether-
based resin such as a polyether resin and an acrylic resin having a polyether side chain as a binder resin. However,
when any of the above resins is used as a binder resin, the composition to be obtained can have a sufficient viscosity
only when a large amount of the resin is mixed therein. Therefore, the composition ratio of the resin needs to be high
in the inorganic fine particle-dispersed paste composition.
Furthermore, although the polyether-based resin is thermally decomposed at a relatively low temperature of 400°C or
lower, since soot generated upon combustion of the ether structure is adsorbed on the surface of the inorganic fine
particles and thus a large amount of residual carbon remains in the sintered body to be provided after sintering, it is
impossible to take full advantage of the properties of the inorganic fine particles.
Patent Document 1: Japanese Kokai Publication No. Hei-11-71132 (JP-A H11-71132)

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] It is an object of the present invention to provide a binder resin which, when used in an inorganic fine particle-
dispersed paste composition, leaves little amount of residual carbon after sintering and can be degreased even under
low temperature conditions. It is further an object of the present invention to provide a vehicle composition and an
inorganic fine particle-dispersed paste composition, which are obtained by using the binder resin.
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MEANS FOR SOLVING THE PROBLEMS

[0007] The present invention provides a binder resin for use in an inorganic fine particle-dispersed paste composition
containing inorganic fine particles, which includes from 5 to 55% by weight of a segment derived from methyl methacrylate,
from 30 to 80% by weight of a segment derived from isobutyl methacrylate, and from 5 to 20% by weight of a segment
derived from polyoxyalkylene ether monomethacrylate.
The following description will discuss the present invention in more detail.
[0008] After intensive investigations, the present inventors have found that, surprisingly, a copolymer provided by
adding methyl methacrylate to isobutyl methacrylate and polyoxyalkylene ether monomethacrylate while controlling the
ratio of those materials in a predetermined range significantly improves the thermal decomposition properties that have
been expected to deteriorate. They have also found that the decomposition time, particularly in the case of heating and
maintaining the copolymer at 300°C, is considerably shortened. Furthermore, they have found that use of the binder
resin having the aforementioned composition can suppress generation of soot during the combustion, which results in
reduction of the amount of residual carbon after sintering. Accordingly, the present inventors completed the present
invention.
[0009] Fig. 1 illustrates a graph showing decomposition properties (TG-DTA) of (A) a methyl methacrylate (MMA)
homopolymer, (B) an isobutyl methacrylate (IBMA) homopolymer, (C) a copolymer of 70% by weight of IBMA and 30%
by weight of polypropyleneglycol monomethacrylate  (PPGMA), and (D) a copolymer of 30% by weight of MMA, 60%
by weight of IBMA and 10% by weight of PPGMA, observed when the temperature is raised from 0°C to 600°C
[0010] As shown in Fig. 1, the homopolymer (A) has lower thermal decomposition properties than the homopolymer
(B) or the copolymer (C). In particular, the homopolymer (A) has significantly poor thermal decomposition properties at
a temperature of 300°C or higher.
[0011] However, it is shown that the copolymer (D) formulated by adding MMA to the copolymer (C) in the predetermined
ratio has significantly improved thermal decomposition properties at a temperature of 300°C or higher, and has especially
excellent thermal decomposition properties at a temperature of around 300°C. This may be because, although the higher-
order structure of the polymer affects the decomposition behavior to raise the thermal decomposition temperature in the
case of the homopolymer (A), combining the foregoing three kinds of segments each in a predetermined amount allows
methyl methacrylate to sufficiently exert its basic low-temperature decomposition properties.
[0012] The binder resin of the present invention contains a segment derived from methyl methacrylate, a segment
derived from isobutyl methacrylate, and a segment derived from polyoxyalkylene ether monomethacrylate. Inclusion of
the foregoing three kinds of segments respectively in the predetermined amounts makes it possible, when the binder
resin is used in an inorganic fine particle-containing paste composition, to perform degreasing at low temperatures and
also to reduce the amount of residual carbon remaining after sintering.
Meanwhile, degreasing at low temperatures in this description means that 99.5% by weight or more of the binder resin
is decomposed relative to its initial weight  when it is allowed to stand for one hour at 300°C under normal atmosphere
without nitrogen substitution and the like.
[0013] The binder resin of the present invention contains the segment derived from polyoxyalkylene ether monometh-
acrylate. Inclusion of the segment derived from polyoxyalkylene ether monomethacrylate enables decomposition of the
binder resin of the present invention at a temperature of approximately 200°C in the degreasing process, making it
possible to significantly reduce the volume of the binder resin.
[0014] The polyoxyalkylene ether monomethacrylate is not particularly limited. Examples thereof include monometh-
acrylates of polymethylene glycol, polyacetal, polyethylene glycol, polypropylene glycol, polytrimethylene glycol, poly-
tetramethylene glycol, polybutylene glycol, or the like. Among the above examples, polyethylene glycol monomethacryate
(repeating unit: PEO), polypropylene glycol monomethacrylate (repeating unit: PPO), polytetramethylene glycol mono-
methacrylate (repeating unit: PTMO) are preferable.
When the repeating unit is PPO, the binder resin has better decomposition properties and can be decomposed at lower
temperatures as compared with the case where the repeating unit is PEO. Thus, it is preferable to use polypropylene
glycol monomethacrylate. Moreover, when the repeating unit is PTMO, the amount of soot generated during the sintering
is reduced as compared with the case where the repeating unit is PEO. Thus, it is preferable to use a monomethacrylate
monomer containing a polytetramethylene glycol chain. On the other hand, when the repeating unit consists only of
PTMO, the thermal decomposition properties are slightly inferior to the thermal decomposition  properties in the case
where the repeating unit is PPO. Thus, it is more preferable to use a monomethacrylate monomer containing a polyte-
tramethylene glycol chain and a polypropylene glycol chain. Furthermore, a copolymer of plural kinds of polyalkylene
ethers may be used.
[0015] The content of the segment derived from polyoxyalkylene ether monomethacrylate in the binder resin of the
present invention is from 5 to 20% by weight. The content of the segment derived from polyoxyalkylene ether mono-
methacrylate of less than 5% by weight raises the thermal decomposition temperature. Moreover, the segment derived
from polyoxyalkylene ether monomethacrylate is more likely to become soot since decomposition of the segment is



EP 2 204 391 B1

4

5

10

15

20

25

30

35

40

45

50

55

induced by combustion. Therefore, when the content of the segment derived from polyoxyalkylene ether monomethacr-
ylate exceeds 20% by weight, a large amount of residual carbon may remain after sintering. The content of the segment
derived from polyoxyalkylene ether monomethacrylate is preferably from 5 to less than 10% by weight.
[0016] The binder resin of the present invention contains the segment derived from methyl methacrylate.
The resin obtainable by polymerization of the methyl methacrylate is basically decomposed at low temperatures; however,
the higher-order structure of the resin causes an increase in the decomposition temperature. When methyl methacrylate
is copolymerized with isobutyl methacrylate, the higher-order structure including methyl methacrylate is prevented, and
consequently the resin can sufficiently exert the low-temperature decomposition properties and can be degreased at
lower temperatures.
The segment derived from methyl methacrylate and the segment derived from isobutyl methacrylate are thermally
decomposed due to depolymerization, and the decomposed  volatiles form respective monomers.
It is considered that methyl methacrylate may reduce molecular weight of decomposition gases which are generated
upon copolymerization with polyoxyalkylene ether methacrylate and may reduce adsorption of the decomposed product
on the surface of inorganic fine particles after degreasing.
According to the present invention, the combination of the segment derived from methyl methacrylate with the segments
derived from isobutyl methacrylate and polyoxyalkylene ether monomethacrylate, and the further arrangement to set
the content of each of the segments to a predetermined amount make it possible for the segment derived from methyl
methacrylate to sufficiently exert its basic low-temperature decomposition properties. As a result, it becomes possible
to perform degreasing at lower temperatures.
[0017] The content of the segment derived from methyl methacrylate in the binder resin of the present invention is
from 5 to 55% by weight. The content of the segment derived from methyl methacrylate of less than 5% by weight leaves
a large amount of residual carbon after sintering, while the content of more than 55% by weight raises the thermal
decomposition temperature. The content of the segment derived from methyl methacrylate is preferably from 10 to 55%
by weight.
[0018] In the case where the content of the segment derived from polyoxyalkylene ether monomethacrylate is 10%
by weight, the content of the segment derived from methyl methacrylate is preferably from 10 to 50% by weight. The
content of the segment derived from methyl methacrylate of less than 10% by weight may increase the molecular weight
of the decomposition gases which are generated during the  firing due to the depolymerization. As a result, the decom-
posed products in the decomposition gases tend to be adsorbed on the surface of the inorganic fine particles, and thus
the amount of residual carbon remaining after sintering may be increased. The content of the segment derived from
methyl methacrylate of more than 50% by weight may increase the thermal decomposition temperature. The content of
the segment derived from methyl methacrylate is preferably from 15 to 45% by weight.
[0019] Moreover, in the case where the content of the segment derived from polyoxyalkylene ether methacrylate is
5% by weight, the content of the segment derived from methyl methacrylate is preferably from 15 to 35% by weight. The
content of the segment derived from methyl methacrylate of less than 15% by weight may increase the molecular weight
of the decomposition gases which are generated during the firing due to the depolymerization. As a result, the decomposed
products in the decomposition gases tend to be adsorbed on the surface of the inorganic fine particles, and thus the
amount of residual carbon remaining after sintering may be increased. The content of the segment derived from methyl
methacrylate of more than 35% by weight may increase the thermal decomposition temperature. The content of the
segment derived from methyl methacrylate is preferably from 20 to 30% by weight.
[0020] The binder resin of the present invention contains a segment derived from isobutyl methacrylate. Inclusion of
the segment derived from isobutyl methacrylate makes it possible for the segment derived from methyl methacrylate to
sufficiently exert its basic low-temperature decomposition properties.
Furthermore, although increase in the number of carbons in an acrylic side chain generally raises the  thermal decom-
position temperature of the resin, the thermal decomposition temperature can be lowered when the number of carbons
in the acrylic side chain is reduced by combining the segment derived from methyl methacrylate and the segment derived
from isobutyl methacrylate.
[0021] The content of the segment derived from isobutyl methacrylate in the binder resin of the present invention is
from 30 to 80% by weight. The content of the segment derived from isobutyl methacrylate of less than 30% by weight
leaves a large amount of residual carbon after sintering, while the content of the segment derived from isobutyl meth-
acrylate of more than 80% by weight raises the thermal decomposition temperature. The content of the segment derived
from isobutyl methacrylate is preferably from 35 to 75% by weight.
In order to prevent the thermal decomposition temperature from increasing due to the higher-order structure of the
segment derived from methyl methacrylate, the ratio of the segment derived from isobutyl methacrylate is preferably
made larger than the ratio of the segment derived from methyl methacrylate in the resin.
[0022] In the case where the content of the segment derived from polyoxyalkylene ether monomethacrylate is 10%
by weight, the content of the segment derived from isobutyl methacrylate is preferably from 40 to 80% by weight. The
content of the segment derived from isobutyl methacrylate of less than 40% by weight may raise the thermal decomposition
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temperature. The content of the segment derived from isobutyl methacrylate of more than 80% by weight may lower the
glass transition temperature (Tg) of the resin. As a result, the binder resin may not have enough viscosity-increasing
effects as a binder resin to be used for a paste, and thus a larger amount of the resin may  be required in the paste. The
content of the segment derived from isobutyl methacrylate is preferably from 45 to 75% by weight.
[0023] Moreover, in the case where the content of the segment derived from polyoxyalkylene ether monomethacrylate
is 5% by weight, the content of the segment derived from isobutyl methacrylate is preferably from 60 to 80% by weight.
The content of the segment derived from isobutyl methacrylate of less than 60% by weight raises the thermal decom-
position temperature. The content of the segment derived from isobutyl methacrylate of more than 80% by weight may
lower the glass transition temperature (Tg) of the resin. As a result, the binder resin may not have enough viscosity-
increasing effects to be used for a paste, and thus a larger amount of the resin may be required in the paste. The content
of the segment derived from isobutyl methacrylate is preferably from 65 to 75% by weight.
[0024] The binder resin of the present invention may contain a segment derived from a monomer having a polar group
so as to obtain a desired function to an extent that the effects of the present invention are not ruined, in addition to the
segment derived from methyl methacrylate, the segment derived from isobutyl methacrylate, and the segment derived
from polyoxyalkylene ether monomethacrylate.
The monomer having a polar group is not particularly limited. Examples thereof include 2-hydroxyethyl methacrylate,
hydroxypropyl methacrylate, methacrylic acid, glycidyl methacrylate, glycerol monomethacrylate, and the like.
[0025] In the case where the segment derived from the monomer having a polar group is contained, the content of
the segment derived from the monomer having a polar group is preferably less than 5% by weight. The content of the
segment derived from the monomer having a polar group of 5% by weight or more may ruin the thermal decomposition
properties at low temperatures, increase soot attached to the inorganic fine particles, or leave a large amount of residual
carbon in a sintered body.
[0026] The binder resin of the present invention preferably contains at least one hydrogen-bonding functional group
only at molecular terminals. Existence of the hydrogen-bonding functional group only at the molecular terminals allows
an inorganic fine particle-dispersed paste composition formed by using the resin to assuredly have an appropriate
viscosity, without necessity of a large amount of the resin, while not ruining the effects of the present invention such as
low-temperature decomposition properties.
[0027] The hydrogen-bonding functional group is not particularly limited. Examples thereof include hydroxy group,
carboxyl group, amino group, and the like. Hydroxy group and carboxyl group are preferable among the examples partly
because they are little affected by thermal decomposition. Although inclusion of the at least one hydrogen-bonding
functional group is sufficient, the more the functional group is included, the more the phase separation structure stabilizes,
and thus the dispersibility of inorganic fine particles in the inorganic fine particle-dispersed paste composition is improved.
[0028] The binder resin of the present invention preferably has a weight average molecular weight of from 20000 to
less than 70000 on the polystyrene equivalent basis. When the binder resin with a weight average molecular weight of
less than 20000 on the polystyrene equivalent basis is used, an  inorganic fine particle-dispersed paste composition to
be produced may have an insufficient viscosity. When the binder resin with a weight average molecular weight of 70000
or more on the polystyrene equivalent basis is used, the inorganic fine particle-dispersed paste composition to be
produced may have problems in its stringiness or printability.
The weight average molecular weight of the binder resin on the polystyrene equivalent basis can be measured by GPC
analysis employing a column such as Column LF-804 manufactured by SHOKO Co., Ltd.
[0029] The method for producing the binder resin of the present invention is not particularly limited, and the following
method may be exemplified: methyl methacrylate, isobutyl methacrylate, and polyoxyalkylene ether monomethacrylate
are used as raw material monomers to prepare a monomer mixed solution containing a chain transfer agent, an organic
solvent and the like, and then a polymerization initiator is added to the monomer mixed solution to copolymerize the raw
material monomers with one another.
[0030] Examples of the method for introducing a hydrogen-bonding functional group only at molecular terminals of
the binder resin of the present invention include: a method in which the foregoing material monomers including methyl
methacrylate, isobutyl methacrylate, and polyoxyalkylene ether monomethacrylate are copolymerized with one another
in the presence of a chain transfer agent having a hydrogen-bonding functional group by a known technique such as a
free-radical polymerization method, a living radical polymerization method, an iniferter polymerization method, an anion
polymerization method, and a living anion polymerization method; a method in which the foregoing  material monomers
are copolymerized with one another in the presence of a polymerization initiator having a hydrogen-bonding functional
group by a known technique such as a free-radical polymerization method, a living radical polymerization method, an
iniferter polymerization method, an anion polymerization method, and a living anion polymerization method; and the like.
Those methods may be employed in combination.
The introduction of the hydrogen-bonding functional group only to the molecular terminals of the binder resin may be
confirmed by, for example, 13C-NMR.
[0031] The chain transfer agent having a hydrogen-bonding functional group is not particularly limited. Examples
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thereof include: mercapto propanediol containing a hydroxy group as a hydrogen-bonding functional group; thioglycerol,
mercaptosuccinic acid, or mercapto acetic acid each containing a carboxyl group as a hydrogen-bonding functional
group; aminoethanethiol containing an amino group as a hydrogen-bonding functional group, and the like.
[0032] The polymerization initiator having a hydrogen-bonding functional group is not particularly limited. Examples
thereof include p-menthane hydroperoxide (Permenta H, manufactured by NOF Corp.), diisopropyl benzene hydroper-
oxide (Percumyl P, manufactured by NOF Corp.), 1,2,3,3-tetramethylbutyl hydroxyperoxide (Perocta H, manufactured
by NOF Corp.), cumene hydroperoxide (Percumyl H-80, manufactured by NOF Corp.), t-butylhydroperoxide (Perbutyl
H-69, manufactured by NOF Corp.), cyclohexanone peroxide (Perhexa H, manufactured by NOF Corp.), 1,1,3,3-tetram-
ethylbutyl hydroperoxide, t-butyl hydroperoxide, t-amyl hydroperoxide, disuccinic acid peroxide (Peroyl SA), and the like.
[0033]   A vehicle composition containing the binder resin of the present invention and an organic solvent is also one
aspect of the present invention.
[0034] The organic solvent is not particularly limited. Examples thereof include ethylene glycol ethylether, ethylene
glycol monobutylether, ethylene glycol monoethylether acetate, diethylene glycol monoethylether, diethylene glycol
monomethyl ether, diethylene glycol monoisobutyl ether, trimethyl pentanediol monoisobutyrate, butyl carbitol, butyl
carbitol acetate, terpineol, terpineol acetate, dihydroterpineol, dihydroterpineol acetate texanol, isophorone, butyl lactate,
dioctyl phthalate, dioctyl adipate, benzyl alcohol, phenyl propylene glycol, cresol, terpene compound having a high
viscosity, N-methyl pyrrolidone, 3-methoxy-3-methyl-1-butanol, 3-methyl-1,5-pentanediol, 2,4-diethyl-1,5-pentanediol,
2-ethyl-1,3-hexanediol, and the like.
Among those examples, preferable examples are terpineol acetate, dihydro terpineol, dihydro terpineol acetate, dieth-
ylene glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol monoisobutyl ether, butyl carbitol,
butyl carbitol acetate, and texanol. More preferable examples are terpineol, terpineol acetate, dihydroterpineol, and
dihydroterpineol acetate. Those organic solvents each may be used solely or in combination of two ore more kinds thereof.
[0035] The organic solvent preferably has a boiling point of 150°C or higher. The boiling point of lower than 150°C
may cause evaporation of the organic solvent in printing process. As a result, the viscosity of the paste may be increased
and thus it may become impossible to perform printing.
[0036]   The vehicle composition of the present invention may further include ethylcellulose. Inclusion of a trace amount
of ethylcellulose can further improve the dispersibility of the inorganic fine particles and the viscosity-increasing properties
of the vehicle composition. The ethylcellulose to be added is not particularly limited but an ethylcellulose of from STD
10 to STD 45 is preferable because of the excellent sintering properties.
[0037] The content of the binder resin in the vehicle composition of the present invention is not particularly limited;
however, the content is preferably 5% by weight in the lower limit and 30% by weight in the upper limit. When the content
of the binder resin is set within the foregoing range, it is possible to produce the inorganic fine particle-dispersed paste
composition that can be degreased even by firing at low temperatures.
[0038] In the case where ethylcellulose is added, it is preferable that the content of ethylcellulose be set from 5 to 20%
by weight relative to the total amount of the binder resin. When the content of ethylcellulose is less than 5% by weight,
the effect produced by addition of ethylcellulose may be hardly expressed. The content of more than 20% by weight of
ethylcellulose may have a negative effect on the sintering properties when the vehicle composition is used for the
inorganic fine particle-dispersed paste composition.
[0039] The content of the organic solvent in the vehicle composition of the present invention is not particularly limited;
however, the content is preferably 5% by weight in the lower limit and 60% by weight in the upper limit. The content of
the organic solvent out of this range may make it difficult to disperse the inorganic fine particles.
[0040]   It is possible to produce an inorganic fine particle-dispersed paste composition by using the vehicle composition
of the present invention and inorganic fine particles. The inorganic fine particle-dispersed paste composition to be
obtained is also one aspect of the present invention.
[0041] The inorganic fine particles are not particularly limited. Examples thereof include copper, silver, nickel, gold,
platinum, palladium, alumina, zirconia, titanium oxide, barium titanate, magnesium oxide, tin oxide, ITO, alumina nitride,
silicon nitride, boron nitride, silicate glass, lead glass, CaO-Al2O3-SiO2 type inorganic glass, MgO-Al2O3-SiO2 type
inorganic glass, LiO2-Al2O3-SiO2 type inorganic glass, low-melting-point glass, fluorescent materials, inorganic pigments,
various kinds of carbon blacks, carbon nanotubes, metal complexes, metal complex salts of transition metals.
The low-melting-point glass is not particularly limited. Examples thereof include phosphate glass, zinc glass, boron-type
glass, and the like.
The fluorescent materials are not particularly limited. Examples thereof include BaMgAl10O17:Eu, Zn2SiO4:Mn, (Y,Gd)
BO3:Eu, and the like.
The transition metal used for the metal complex salts of transition metals is not particularly limited. Examples thereof
include Zn, Cu, Co, Ni, Hg, Pd, and the like.
[0042] The content of the inorganic fine particles in the inorganic fine particle-dispersed paste composition of the
prsent invention is not particularly limited; however, the content is preferably 10% by weight in the lower limit and 90%
by weight in the upper limit. The content of the inorganic fine particles of less than 10% by weight may result in an
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insufficient viscosity of the inorganic fine  particle-dispersed paste composition. The content of the inorganic fine particls
of more than 90% by weight may make it difficult to disperse the inorganic fine particles in the inorganic fine particle-
dispersed paste composition.
[0043] The inorganic fine particle-dispersed paste composition of the present invention can be desirebly used as a
glass paste composition when the inorganic fine particles are glass powders. When ceramic powders are used as the
inorganic fine particles, the resulting paste composition can be desirably used as a ceramic paste composition. Similarly,
when fluorescent powders are used as the inorganic fine particles, the resulting paste composition can be desirably
used as a fluorescent paste composition, and when electrically conductive powders are used, the paste composition
can be desirably used as an electrically conductive paste composition. Furthermore, when glass powders or ceramic
powers are used as the inorgnaic fine partices, the resulting paste composition can be desirably used as a material for
a green sheet. When the inorganic fine particle-dispersded paste composition of the present invention is used in the
foregoing use, it becomes possible to perform degreasing at low temperatures and to reduce oxidation of the inorgnic
fine particles to a minimum level.

EFFECTS OF THE INVENTION

[0044] The binder resin of the present invnetion, which contains the segments derived from methyl methacrylate,
isobutyl methacrylate, and polyoxyalkylene ether monomethacrylate each in an amount within a predetermined range,
can significantly improve the thermal decomposition properties. Therefore, use of the binder resin in the inorganic fine
particle-dispersed paste composition makes  it possible to perform degreasing in a low temperature system of, for
example, less than 300°C and to prevent generation of soot during the firing so that the amount of residual carbon after
sintering can be reduced.

BEST MODE FOR CARRYING OUT THE INVENTION

[0045] Following description will further discuss the present invention in detail with reference to Examples, though the
present invention is not limited to those Examples.

(Example 1)

(Production of Binder Resin)

[0046] A monomer-mixed solution was obtained by mixing: 25 parts by weight of methyl methacrylate (MMA), 70 parts
by weight of isobutyl methacrylate (IBMA) and 5 parts by weight of polypropylene glycol monomethacrylate (Blemmer
PP1000, manufactured by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain transfer
agent; and 100 parts by weight of ethyl acetate as an organic solvent, in a 2L-separable flask equipped with a stirrer, a
condenser, a thermometer, a hot water bath, and a nitrogen gas introduction inlet.
[0047] After the thus obtaied monomer mixed solution was bubbled with nitrogen gas for 20 minutes to remove dissolved
oxygen, the system in the separable flask was replaced with nitrogen gas and heated until the hot water bath boiled
while stirring. To the resulting solution was added a solution of a polymerization initiator diluted with ethyl acetate to start
polymerization. The ethyl acetate solution containing the polymerizaiton initiator was added several times during the
polymerization.
[0048]   After seven hours from the initiation of the polymerization, the resulting solution was cooled to room temperature
to quench the polymerization. The resulting polymerization solution was spread on a stainless steel vat and dried in an
oven at 100°C for 12 hours. As a result, a binder resin was produced.

(Production of Vehicle Composition)

[0049] A vehicle composition was produced by adding 7 parts by weight of terpiniol to 8 parts by weight of the binder
resin thus obtained and then dispersing the resulting mixture using a high speed disperser.

(Production of Inorganic Fine Particle-Dispersed Paste Composition)

[0050] An amount of 85 parts by weight of a low-melting-point glass frit with a softening point of 360°C as inorganic
fine particles was added to 15 parts by weight of the above obtained vehicle composition. The resulting mixture was
sufficiently kneaded by using a high speed agitator and then treated with a three-roll mill until it was smoothed. As a
result, an inorganic fine particle-dispersed paste composition was produced.
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(Example 2)

[0051] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 15 parts by weight of methyl methacrylate (MMA), 80 parts by weight of isobutyl
methacrylate (IBMA) and 5 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 1.0 part by weight of mercaptosuccinic acid as a chain transfer agent; and 100  parts by
weight of ethyl acetate as an organic solvent.

(Example 3)

[0052] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 40 parts by weight of methyl methacrylate (MMA), 50 parts by weight of isobutyl
methacrylate (IBMA) and 10 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Example 4)

[0053] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 10 parts by weight of methyl methacrylate (MMA), 80 parts by weight of isobutyl
methacrylate (IBMA) and 10 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 1.0 part by weight of mercaptosuccinic acid as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Example 5)

[0054] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 55 parts by weight of methyl methacrylate (MMA), 30 parts by weight of  isobutyl
methacrylate (IBMA) and 15 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Example 6)

[0055] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 5 parts by weight of methyl methacrylate (MMA), 80 parts by weight of isobutyl
methacrylate (IBMA) and 15 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 1.0 part by weight of mercaptosuccinic acid as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Example 7)

[0056] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 18 parts by weight of methyl methacrylate (MMA), 75 parts by weight of isobutyl
methacrylate (IBMA) and 7 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Example 8)

[0057] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were  produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
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solution was produced by mixing: 28 parts by weight of methyl methacrylate (MMA), 60 parts by weight of isobutyl
methacrylate (IBMA) and 12 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Example 9)

[0058] A binder resin was produced in the same manner as in Example 1, except that, in the process of (Production
of Binder Resin), a monomer-mixed solution was produced by mixing: 30 parts by weight of methyl methacrylate (MMA),
60 parts by weight of isobutyl methacrylate (IBMA) and 10 parts by weight of polypropylene glycol monomethacrylate
(Blemmer PP1000, manufactured by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain
transfer agent; and 100 parts by weight of ethyl acetate as an organic solvent. Thereafter, 0.3 parts by weight of ethyl-
cellulose (STD 10, manufactured by WAKO CHEMICAL LTD.) and 8.5 parts by weight of terpineol were added to 6.2
parts by weight of the above obtained binder resin, and then dispersed in the binder resin using a high speed disperser
to produce a vehicle composition. Further, an inorgaic fine particle-dispersed paste composition was produced in the
same manner as in Example 1.

(Example 10)

[0059] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 25 parts by weight  of methyl methacrylate (MMA), 55 parts by weight of isobutyl
methacrylate (IBMA) and 20 parts by weight of monomethacrylate containing polytetramethylene glycol chain (Blemmer
10PPB-500B, manufactured by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain
transfer agent; and 100 parts by weight of ethyl acetate as an organic solvent.

(Comparative Example 1)

[0060] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing 100 parts by weight of isobutyl methacrylate (IBMA) as a monomer, 0.05 parts by
weight of dodecanethiol as a chain transfer agent, and 100 parts by weight of ethyl acetate as an organic solvent.

(Comparative Example 2)

[0061] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing 100 parts by weight of methyl methacrylate (MMA) as a monomer, 0.05 parts by weight
of dodecanethiol as a chain transfer agent, and 100 parts by weight of ethyl acetate as an organic solvent.

(Comparative Example 3)

[0062] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing 85 parts by weight of isobutyl methacrylate (IBMA) and 15 parts by weight of  polyethylene
glycol monomethacrylate (Blemmer PE90, manufactured by NOF Corp.) as monomers, 0.3 parts by weight of mercapto
propanediol as a chain transfer agent, and 100 parts by weight of ethyl acetate as an organic solvent.

(Comparative Example 4)

[0063] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing 85 parts by weight of methyl methacrylate (MMA) and 15 parts by weight of polyethylene
glycol monomethacrylate (Blemmer PE90, manufactured by NOF Corp.) as monomers, 1.0 part by weight of mercap-
tosuccinic acid as a chain transfer agent, and 100 parts by weight of ethyl acetate as an organic solvent.
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(Comparative Example 5)

[0064] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 10 parts by weight of methyl methacrylate (MMA), 85 parts by weight of isobutyl
methacrylate (IBMA) and 5 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Comparative Example 6)

[0065] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 5 parts by weight of methyl methacrylate (MMA), 85 parts by weight of isobutyl
methacrylate (IBMA) and 10 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 1.0 part by weight of mercaptosuccinic acid as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Comparative Example 7)

[0066] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 60 parts by weight of methyl methacrylate (MMA), 25 parts by weight of isobutyl
methacrylate (IBMA) and 15 parts by weight of polypropylene glycol monomethacrylate (Blemmer PP1000, manufactured
by NOF Corp.) as monomers; 0.3 parts by weight of mercapto propanediol as a chain transfer agent; and 100 parts by
weight of ethyl acetate as an organic solvent.

(Comparative Example 8)

[0067] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 85 parts by weight of isobutyl methacrylate (IBMA) and 15 parts by weight of polypro-
pylene glycol monomethacrylate (Blemmer PP1000, manufactured by NOF Corp.) as monomers; 1.0 part by weight of
mercaptosuccinic acid as a chain transfer agent; and 100 parts by weight of ethyl acetate as an organic solvent.

(Comparative Example 9)

[0068] A binder resin, a vehicle composition and an  inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 60 parts by weight of methyl methacrylate (MMA), 20 parts by weight of isobutyl
methacrylate (IBMA) and 20 parts by weight of monomethacrylate containing polytetramethylene glycol chain (Blemmer
10PPB-500B, manufactured by NOF Corp.) as monomers; 0.05 parts by weight of dodecanethiol as a chain transfer
agent; and 100 parts by weight of ethyl acetate as an organic solvent.

(Comparative Example 10)

[0069] A binder resin, a vehicle composition and an inorganic fine particle-dispersed paste composition were produced
in the same manner as in Example 1, except that, in the process of (Production of Binder Resin), a monomer-mixed
solution was produced by mixing: 20 parts by weight of methyl methacrylate (MMA), 50 parts by weight of isobutyl
methacrylate (IBMA) and 30 parts by weight of monomethacrylate containing polytetramethylene glycol chain (Blemmer
10PPB-500B, manufactured by NOF Corp.) as monomers; 0.05 parts by weight of dodecanethiol as a chain transfer
agent; and 100 parts by weight of ethyl acetate as an organic solvent.

(Evaluation)

[0070] Evaluation was pefromed on the binder resins and the inorganic fine particle-dispersed paste compositions
obtained in Examples and Comparative Examples according to the method mentioned below. Tables 1 and 2 show the
results.
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(1) Measurement of Average Molecular Weight

[0071] Weight average molecular weights of the thus obtained binder resins on the polystyrene equivalent basis were
measured by gel permeation chromatography alalysis using Column LF-804 (manufactured by SHOKO, Ltd.).

(2) Evaluation of Viscosity

[0072] Viscosities of the thus obtained inorganic fine particle-dispersed paste compositions were measured at room
temperature using a B-model viscometer (DVII+Pro, manufactured by Brookfield Engineering Laboratories, Inc.) set at
a rotation frequency of 10 rpm. Since a certain viscosity is necessary to prevent settling of glass particles, the results
were evaluated and shown in Tables 1 and 2 based on the following criteria.
s: Viscosity was 10 Pa·s or more.
3: Viscosity was less than 10 Pa·s.

(3) Decomposition Temperature (TG-DTA Evaluation)

[0073] Decomposition properties of the thus obtained binder resins were evaluated after the temperature of the binder
resins had been raised to 300°C at a rate of 10°C/min under air atmosphere using a thermal decomposition analyzer
(Simultaneous SDT 2960, manufactured by TA Instruments) and allowed to stand for 60 minutes in the same condition.
The following criteria were used for the evaluation. s: The resin was 100% decomposed within 60 minutes. Δ: The resin
was 95% or more decomposed in 60 minutes. 3: The resin was less than 95% decomposed in 60 minutes.
[0074] The finish time of the decomposition is also shown when the resin was 100% decomposed within 60 minutes.

(4) Sintering Properties

[0075] Each of the thus obtained inorganic fine particle-dispersed composition was applied on a glass substrate in a
thickness of 10 mm using an applicator, and then cured in an oven at 150°C for 60 minutes to evaporate terpineol so
that a layer of glass particles was prepared. The  resulting glass particle layer was heated in an oven at 300°C for 60
minutes to degrease the binder resin and further heated up to 450°C to completely dissolve the glass frit. Coloration
and presence of varnish of the thus obtained glass plate were checked by eye observation and evaluated according to
the following criteria. s: The glass plate had varnish that was characteristic of glass.
3: The glass plate had no varnish.
[0076]
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[0077]
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INDUSTRIAL APPLICABILITY

[0078] According to the present invention, it is possible to provide a binder resin which, when used in an inorganic
fine particle-dispersed paste composition, leaves little amount of residual carbon after sintering and can be degreased
even under low temperature conditions. Moreover, according to the present invention, it is also possible to provide a
vehicle composition and an inorganic fine particle-dispersed paste composition, which are obtained by using the binder
resin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079]

[Fig. 1] Fig. 1 illustrates a graph showing thermal decomposition behaviors (TG-DTA) of respective kinds of acrylic
resins.

Claims

1. A binder resin for use in an inorganic fine particle-dispersed paste composition containing inorganic fine particles,
which comprises:

from 5 to 55% by weight of a segment derived from methyl methacrylate;
from 30 to 80% by weight of a segment derived from isobutyl methacrylate; and
from 5 to 20% by weight of a segment derived from polyoxyalkylene ether monomethacrylate.

2. The binder resin according to claim 1,
wherein the polyoxyalkylene ether monomethacrylate has a polyoxyalkylene ether chain containing a polytetrame-
thylene glycol chain.

3. The binder resin according to claim 1 or 2, which has a weight average molecular weight of from 20000 to 70000
on the polystyrene equivalent basis.

4. A vehicle composition,
which comprises:

the binder resin according to claim 1, 2, or 3; and
an organic solvent.

5. The vehicle composition according to claim 4, wherein the boiling point of the organic solvent is 150°C or higher.

6. The vehicle composition according to claim 4, wherein the organic solvent is at least one member selected from the
group consisting of terpineol, terpineol acetate, dihydroterpineol, and dihydroterpineol acetate.

7. The vehicle composition according to claim 4, 5, or 6,
which further comprises ethylcellulose.

8. An inorganic fine particle-dispersed paste composition for producing a sintered body,
which comprises:

the vehicle composition according to claim 4, 5, 6, or 7; and
inorganic fine particles.

Patentansprüche

1. Trägerharz zur Verwendung in einer Feinpartikel-haltigen Pastenzusammensetzung mit feinverteilten anorgani-
schen Feinpartikeln,
das umfasst:



EP 2 204 391 B1

16

5

10

15

20

25

30

35

40

45

50

55

5 bis 55 Gewichts-% eines von Methylmethacrylat abgeleiteten Anteils,
30 bis 80 Gewichts-% eines von Isobutylmethacrylat abgeleiteten Anteils und
5 bis 20 Gewichts-% eines von Polyoxyalkylenethermonomethacrylat abgeleiteten Anteils.

2. Trägerharz nach Anspruch 1,
wobei das Polyoxyalkylenethermonomethacrylat eine Polyoxyalkylenetherkette aufweist, die eine Polytetramethy-
lenglycolkette umfasst.

3. Trägerharz nach Anspruch 1 oder 2,
das ein durchschnittliches Molekulargewicht von 20.000 bis 70.000 auf der Polystyroläquivalentbasis aufweist.

4. Trägerzusammensetzung,
die umfasst:

das Trägerharz nach einem der Ansprüche 1, 2 oder 3 und
ein organisches Lösungsmittel.

5. Trägerzusammensetzung nach Anspruch 4,
wobei der Siedepunkt des organischen Lösungsmittel 150 °C oder mehr beträgt.

6. Trägerzusammensetzung nach Anspruch 4,
wobei das organische Lösungsmittel wenigstens eines ist, das aus der aus Terpineol, Terpineolacetat, Dihydroter-
pineol und Dihydroterpineolacetat bestehenden Gruppe ausgewählt ist.

7. Trägerzusammensetzung nach einem der Ansprüche 4, 5 oder 6,
das ferner Ethylcellulose umfasst.

8. Pastenzusammensetzung mit feinverteilten anorganischen Feinpartikeln zum Herstellen eines gesinterten Körpers,
die umfasst:

die Trägerharzzusammensetzung nach einem der Ansprüche 4, 5, 6 oder 7 und
anorganische Feinpartikel.

Revendications

1. Résine de liant pour une utilisation dans une composition de pâte à fines particules inorganiques dispersées con-
tenant de fines particules inorganiques,
laquelle comprend :

de 5 à 55 % en masse d’un segment dérivé du méthacrylate de méthyle ;
de 30 à 80 % en masse d’un segment dérivé du méthacrylate d’isobutyle ; et
de 5 à 20 % en masse d’un segment dérivé du monométhacrylate de polyoxyalkylène éther.

2. Résine de liant selon la revendication 1,
dans laquelle le monométhacrylate de polyoxyalkylèneéther présente une chaîne polyoxyalkylèneéther contenant
une chaîne polytétraméthylèneglycol.

3. Résine de liant selon la revendication 1 ou 2, laquelle présente une masse moléculaire moyenne en masse de 20
000 à 70 000 sur la base d’équivalent polystyrène.

4. Composition de véhicule,
laquelle comprend :

la résine de liant selon la revendication 1, 2 ou 3 ; et
un solvant organique.

5. Composition de véhicule selon la revendication 4,
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dans laquelle le point d’ébullition du solvant organique est de 150°C ou supérieur.

6. Composition de véhicule selon la revendication 4,
dans laquelle le solvant organique est au moins un élément choisi dans le groupe constitué par le terpinéol, l’acétate
de terpinéol, le dihydroterpinéol, et l’acétate de dihydroterpinéol.

7. Composition de véhicule selon la revendication 4, 5 ou 6, laquelle comprend de plus de l’éthylcellulose.

8. Composition de pâte à fines particules inorganiques dispersées pour la production d’un corps fritté,
laquelle comprend :

la composition de véhicule selon la revendication 4, 5, 6 ou 7 ;
et
de fines particules inorganiques.
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