
*159159* Description   *G00002*  FOAMABLE POLYESTER RESIN COMPOSITION FIELD
OF THE INVENTION The present invention relates to a foamable  polyester
resin composition. More particularly, the  invention relates to a foamable
polyester resin composition  which has excellent low-temperature
processability and  gives a highly expanded foamed molding excellent in
strength and surface properties. BACKGROUND ART Polyester resins give
moldings excellent in physical  properties such as transparency, mechanical
properties, gas  barrier properties, and heat resistance and in chemical
properties such as solvent resistance, acid resistance, and  alkali
resistance, and are hence extensively used as  packaging materials, e.g.,
bottles, sheets, and films and  in other various fields. Recently, foam
molding is  attracting attention as a technique for reducing the weight  of
polyester resins, improving the heat-insulating  properties of the resins,
and reducing the cost of moldings.  There is a strong desire in the market
for a highly  expanded polyester resin molding. 1 In a generally known
technique for the foam molding  of a polyester resin, a chain-branching
agent is used in  combination with a blowing agent. It is known that use
of, for example, a carboxylic  acid dianhydride as the chain-branching
agent is effective  



in heightening the molecular weight of a molten polyester  resin or
improving the melt viscosity thereof and thereby  enabling foam molding to
be conducted in a high expansion  ratio. For example, Japanese Patents
1,921,348 and  2,126,744 disclose that a foamed molding having an improved
expansion ratio can be obtained by adding a compound having  two or more
acid anhydride groups in the molecule, such as  pyromellitic dianhydride,
as a chain-branching agent to the  polyester resin to be foamed. However,
since pyromellitic dianhydride has a  melting point as high as 280C, it
produces its effect only  when the resin is heated and molded at a
temperature of  from 270 to 290C. When the molding was actually conducted
in a low-temperature range of up to 210C, almost no effect  was observed.
The present invention is intended to attain a high  expansion ratio even
when foam molding is conducted in a  low-temperature range of from 150 to
210C, by using a  (meth)acrylic ester polymer without using any of those 2
chain-branching agents. The invention hence differs from  the technique
described above. Furthermore, Japanese Patent Laid-Open No. 2000- 136301
discloses that a foamed molding having an expansion  ratio of from 1.6 to
3.0 is obtained from a composition  prepared by adding an acrylic resin to
an alloyed resin  which is a blend of a polycarbonate with another
aromatic- ring-containing thermoplastic resin containing a polyester
resin. The invention enables a further improvement in  expansibility by
using a (meth)acrylic ester polymer having  a specific value of specific
viscosity produced by  



(co)polymerizing one or more monomer mixtures having a  specific
composition. Furthermore, the invention mitigates  the decrease in strength
in foamed moldings attributable to  an increase in expansion ratio, by
adding a filler. The  invention hence differs from the technique of the
related  art described above. DISCLOSURE OF THE INVENTION An object of the
invention is to provide a foamable  polyester resin composition which can
be foam-molded in a  greatly improved expansion ratio as compared with
foamable  polyester resins according to the related art and can give  a
foamed molding in which the deterioration in strength and 3 surface
properties attributable to an increase in expansion  ratio has been
mitigated. As a result of intensive investigations, the present  inventors
have found that a composition which can be foam- molded in a greatly
improved expansion ratio and give a  foamed molding improved in strength
and surface properties  can be obtained by adding a specific (meth)acrylic
ester  polymer, a filler, and a blowing agent to a polyester resin.  The
invention has been completed based on this finding. The invention relates
the following composition:  (1) A foamable polyester resin composition
comprising:  (A) 100 parts by weight of a polyester resin;  (B) from 0.5 to
30 parts by weight of a (meth)acrylic ester polymer or a polymer mixture
obtained  by polymerizing from 0 to 50 parts by weight of a monomer
mixture (b) comprising from 0 to 49% by weight methyl methacrylate, from 51
to 100% by weight at least one  monomer selected from methacrylic esters
other than methyl  methacrylate and acrylic esters, and from 0 to 20% by
weight at least one vinyl monomer copolymerizable therewith,  



in the presence of a polymer latex which is obtained by
emulsion-polymerizing from 50 to 100 parts by weight of a  monomer mixture
(a) comprising from 51 to 100% by weight  methyl methacrylate, from 0 to
49% by weight at least one  monomer selected from methacrylic esters other
than methyl 4 methacrylate and acrylic esters, and from 0 to 20% by  weight
at least one vinyl monomer copolymerizable therewith  wherein, when 0.1 g
of the polymer is dissolved in 100 mL  of chloroform, the resulting
solution has a specific  viscosity of from 0.7 to 1.9 as measured at 30'C
(wherein  the sum of the monomer mixtures (a) and (b) being 100 parts  by
weight), wherein, when 0.1 g of the (meth)acrylic ester  polymer or the
polymer mixture is dissolved in 100 mL of  chloroform, the resulting
solution has a specific viscosity  of from 0.65 to 1.7 as measured at 30OC;
(C) from 0.1 to 30 parts by weight of a filler; and  (D) a blowing agent.
(2) The foamable polyester resin composition according  to (1), wherein the
polyester resin (A) is an amorphous  polyester resin. (3) The foamable
polyester resin composition according  to (1) or (2), wherein the filler
(C) is talc, calcium  carbonate, mica, wollastonite, clay, or glass fiber.
(4) The foamable polyester resin composition according  to any one of (1),
(2) and (3), wherein the blowing agent  (D) is a thermal-decomposable
blowing agent and is  contained in an amount of from 0.1 to 25 parts by
weight  per 100 parts by weight the polyester resin. (5) A foamed molding
obtained by molding the foamable 5 polyester resin composition according to
(1). 



BEST MODE FOR CARRYING OUT THE INVENTION A feature of the invention resides
in that a polymer  or polymer mixture obtained by emulsion-polymerizing a
specific monomer or monomer mixture comprising a  significant amount of one
or more methacrylic esters and  (or) acrylic esters is used for the purpose
of improving  the expansibility of a polyester resin. Use of the
(meth)acrylic ester polymer or polymer mixture in  combination with a
blowing agent and a filler is effective  in improving the expansion ratio
of the polyester resin in  foam molding without impairing the excellent
physical and  chemical properties inherent in the polyester resin. The
polyester resin to be used in the invention is a  thermoplastic polyester
resin obtained by mixing one or  more aromatic dicarboxylic acids with one
or more dihydric  alcohols, i.e., diols, and causing these ingredients to
undergo an esterification reaction and polycondensation.  As the
dicarboxylic acids may be used ones comprising  terephthalic acid or an
alkyl ester thereof as the main  component. As the diols may be used ones
comprising an  alkylene glycol as the main component. The polyester resin
to be used in the invention is  not particularly limited. Although any of
the polyester  resins heretofore in use or polyester resins recycled may
be used, it is preferred to use an amorphous polyester  resin from the
standpoint of ease of processing. This  amorphous polyester resin is one
which has substantially no  crystallinity or is lowly crystalline. Examples
thereof  include homopolymers and copolymers obtained by
condensation-polymerizing a diol ingredient comprising at  least 50 mol%
ethylene glycol with a dicarboxylic acid  ingredient comprising at least 50
mol% terephthalic acid or  



alkyl ester thereof, and further include mixtures of two or  more of these
homo- and copolymers. Examples of the  copolymers include ones obtained by
copolymerizing another  dicarboxylic acid, e.g., isophthalic acid or a
halogenated  terephthalic acid, in an amount of up to 50 mol% based on  all
carboxylic acids, ones obtained by copolymerizing a  polyalkylene glycol,
e.g., diethylene glycol, in an amount  of up to 50 mol% based on all diols,
and ones obtained by  copolymerizing an alkylene glycol in which the
alkylene  group has 3 to 12 carbon atoms, e.g., 1,4- cyclohexanedimethanol.
The (meth)acrylic ester polymer or polymer mixture  to be used in the
invention is a polymer or polymer mixture  obtained by
emulsion-polymerizing a monomer mixture (a) to  obtain a polymer latex,
adding a monomer mixture (b) to the  latex, and polymerizing the monomer
mixture (b) in the 7 presence of the latex. This polymer or polymer mixture
is  an ingredient used for the purpose of improving the  expansibility of
the polyester resin. The monomer mixture (a) is a mixture comprising: from
50 to 100% (% by weight; the same applies hereinafter),  preferably from Sl
to 100%, more preferably from 60 to 90%,  most preferably from 70 to 85%
methyl methacrylate; from 0  to 50%, preferably from 0 to 49% more
preferably from 0 to  40%, most preferably from 0 to 30% at least one
monomer  selected from methacrylic esters other than methyl  methacrylate
and acrylic esters; and from 0 to 20%,  preferably from 0 to 10%, more
preferably from 0 to 5% at  least one vinyl monomer copolymerizable with
these. When the proportion of methyl methacrylate in the  monomer mixture
(a) is lower than 50%, use of the resultant  polymer or polymer mixture
gives a composition reduced in  



expansibility and processability. When the proportion of  the monomer
selected from methacrylic esters other than  methyl methacrylate and
acrylic esters exceeds 50%, use of  the resultant polymer or polymer
mixture gives a  composition reduced in expansibility and processability.
Furthermore, When the proportion of the vinyl monomer  copolymerizable with
those monomers exceeds 20%, use of the  resultant polymer or polymer
mixture gives a composition  reduced in expansibility and processability. 8
Examples of the methacrylic esters other than methyl  methacrylate in the
monomer mixture (a) include alkyl  methacrylates in which the alkyl group
has 2 to 8 carbon  atoms, such as ethyl methacrylate, propyl methacrylate,
butyl methacrylate, and 2-ethylhexyl methacrylate.  Examples of the acrylic
esters include alkyl acrylates in  which the alkyl group has 1 to 8 carbon
atoms, such as  methyl acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate, and 2-ethylhexyl acrylate. These methacrylic  esters other than
methyl methacrylate and acrylic esters  may be used alone or in combination
of two or more thereof. Examples of the vinyl monomer copolymerizable with
those monomers in the monomer mixture (a) include aromatic  vinyls such as
styrene and a-methylstyrene and unsaturated  ni~riles such as
acrylonitrile. These may be used alone or  in combination of two or more
thereof. The polymer obtained by emulsion-polymerizing the  monomer mixture
(a), when dissolved in an amount of 0.1 g  in 100 mL of chloroform, gives a
solution having a specific  viscosity as measured at 300C of from 0.7 to
1.9, preferably from 0.8 to 1.8, more preferably from 0.8 to 1.7,  most
preferably from 0.9 to 1.6. When the specific  viscosity thereof exceeds
1.9, the composition finally  



obtained tends to have reduced expansibility and reduced  processability.
When the specific viscosity thereof is 9 lower than 0.7, the composition
tends to have reduced  expansibility and give a foamed molding having
impaired  surface properties. The monomer mixture (b) comprises: from 0 to
49%,  preferably from 20 to 49%, more preferably from 30 to 45%  methyl
methacrylate; from 51 to 100%, preferably from 51 to  80%, more preferably
from 55 to 70% at least one monomer  selected from methacrylic esters other
than methyl  methacrylate and acrylic esters; and from 0 to 20%,
preferably from 0 to 10%, more preferably from 0 to 5% at  least one vinyl
monomer copolymerizable with these. The monomer mixture (b) is polymerized
in the  presence of a latex of a polymer obtained by polymerizing  the
monomer mixture (a) to thereby form a shell made of a  polymer obtained by
polymerizing the mixture (b). Thus,  the (meth)acrylic ester polymer or
polymer mixture is  obtained. This polymer or polymer mixture, when added
to a  polyester resin, can efficiently impart viscosity and  elasticity to
the polyester resin and, as a result, can  improve the expansibility
thereof. When where the proportion of methyl methacrylate in  the monomer
mixture (b) exceeds 50%, use of the resultant  polymer or polymer mixture
is apt to give a composition  impaired in expansibility and processability.
When the  proportion of the at least one monomer selected from 10
methacrylic esters other than methyl methacrylate and  acrylic esters is
lower than 50%, the same results are  brought about. At least one vinyl
monomer copolymerizable with these can be used according to need in an
amount of up  



to 20%. However, the smaller the amount of the vinyl  monomer, the more the
monomer mixture (b) is preferred. Examples of the methacrylic esters other
than methyl  methacrylate in the monomer mixture (b) include alkyl
methacrylates in which the alkyl group has 2 to 8 carbon  atoms, such as
ethyl methacrylate, propyl methacrylate,  butyl methacrylate, and
2-ethylhexyl methacrylate.  Examples of the acrylic esters include alkyl
acrylates in  which the alkyl group has 1 to 8 carbon atoms, such as
methyl acrylate, ethyl acrylate, propyl acrylate, butyl  acrylate, and
2-ethylhexyl acrylate. These methacrylic  esters other than methyl
methacrylate and acrylic esters  may be used alone or in combination of two
or more thereof. Examples of the vinyl monomer copolymerizable with  those
monomers in the monomer mixture (b) include aromatic  vinyls such as
styrene and a-methylstyrene and unsaturated  nitriles such as
acrylonitrile. These may be used alone or  in combination of two or more
thereof. The polymer or polymer mixture obtained by adding  the monomer
mixture (b) to a latex of a polymer obtained  from the monomer mixture (a)
and polymerizing the mixture 11 (b) in the presence of the latex, when
dissolved in an  amount of 0.1 g in 100 mL of chloroform, gives a solution
having a specific viscosity as measured at 30'C of from 0.1  to 1.7,
preferably from 0.65 to 1.7, more preferably from  0.65 to 1.6, most
preferably from 0.7 to 1.5. When the specific viscosity thereof exceeds
1.7,  this polymer or polymer mixture tends to give a composition  reduced
in expansibility and processability. When the  specific viscosity thereof
is lower than 0.1, this polymer  or polymer mixture tends to give a
composition having  reduced expansibility and giving a foamed molding
having  



impaired surface properties. In producing the (meth)acrylic ester polymer
or  polymer mixture according to the invention, the proportion  of the
monomer mixture (a) to monomer mixture (b) to be  used is such that the
amount of the monomer mixture (a) is  from 50 to 100 parts (parts by
weight; the same applies  hereinafter), preferably from 60 to 95 parts,
more  preferably from 65 to 90 parts, and the amount of the  monomer
mixture (b) is from 0 to 50 parts, preferably from  5 to 40 parts, more
preferably from 10 to 35 parts,  provided that the sum of the mixtures (a)
and (b) is 100  parts. When the amount of the polymer formed from the
monomer mixture (a) is smaller than about 50 parts, 12 sufficient
expansibility cannot be imparted to a polyester  resin. On the other hand,
when the amount of the polymer  formed from the monomer mixture (b) exceeds
50 parts, this  case also results in insufficient impartation of
expansibility to a polyester resin. The (meth)acrylic ester polymer or
polymer mixture  to be used in the invention can be produced, for example,
by the following method. First, a monomer mixture (a) is
emulsion-polymerized in an appropriate medium in the presence of an
appropriate emulsifier, polymerization  initiator, chain transfer agent,
etc. to obtain a  (co)polymer latex in which the polymer is derived from
the  monomer mixture (a) . Subsequently, a monomer mixture (b)  is added to
the latex and polymerized. By thus  polymerizing the mixtures successively,
a mixture of  products of one-step or two-step polymerization is produced
which comprises particles each comprising a core made of a  (co)polymer
derived from the monomer mixture (a) and a  



shell made of a (co)polymer derived from the monomer  mixture (b). The
dispersion medium for use in the emulsion  polymerization is usually water.
As the emulsifier is used a known one. Examples  thereof include anionic
surfactants such as fatty acid  salts, alkylsulfuric acid ester salts,
alkylbenzenesulfonic  acid salts, alkylphosphoric acid ester salts, and 13
sulfosuccinic acid diester salts and nonionic surfactants  such as
polyoxyethylene alkyl ethers and polyoxyethylene  fatty acid esters. As the
polymerization initiator , for example, a  water-soluble or oil-soluble
polymerization initiator is  used. Examples thereof include ordinary
inorganic  polymerization initiators such as persulfates, organic
peroxides, and azo compounds. Although these initiator  compounds may be
used alone, they may be used in  combination with a sulfite, a thiosulfate,
a salt of a  metal having the lower valence, sodium
formaldehydesulfoxylate, or the like so as to constitute a  redox system.
Preferred examples of the persulfates  include sodium persulfate, potassium
persulfate, and  ammonium persulfate. Preferred examples of the organic
peroxides include t-butyl hydroperoxide, cumene  hydroperoxide, benzoyl
peroxide, and lauroyl peroxide. The chain transfer agent is not
particularly limited.  Examples thereof include t-dodecyl mercaptan,
n-dodecyl  mercaptan, t-decyl mercaptan, and n-decyl mercaptan. Conditions
for the polymerization reaction such as,  e.g., temperature and time also
are not particularly  limited, and may be suitably regulated so as to
result in  the desired specific viscosity and particle diameter  according
to the intended use. 



14 When the polymerization is conducted in two steps,  the monomer(s) for
second-step polymerization may be added  after ascertaining that the
first-step polymerization has  been completed. This method of monomer
addition is  preferred in that the polymerization in each step can be
carried out while preventing the monomers for the second  step from mixing
with the monomers for the first step. In the polymer latex thus obtained,
the particles  usually have an average particle diameter of about from 100
to 3,000 A. The particles are taken out of the latex by an  ordinary
technique, e.g., salting out or coagulation by the  addition of an
electrolyte or drying by spraying into hot  air. The particles taken out
may be subjected to washing,  dehydration, drying, etc. by ordinary
techniques according  to need. The (meth)acrylic ester polymer or polymer
mixture  obtained by the procedure described above generally  preferably is
in the form of a white powder having an  average particle diameter of from
30 to 300 Rm from the  standpoint of incorporating the polymer or polymer
mixture  into a polyester resin. The (meth)acrylic ester polymer or polymer
mixture  according to the invention is mixed with a polyester resin  in an
ordinary manner in producing the foamable polyester  resin composition of
the invention. 15 The amount of the (meth)acrylic ester polymer or  polymer
mixture to be added is from 0.5 to 30 parts,  preferably from 3 to 25
parts, more preferably from 5 to 20  parts, per 100 parts of the polyester
resin. When the  amount of the (meth)acrylic ester polymer or polymer
mixture added is smaller than 0.5 parts, the addition of  



the (meth)acrylic ester polymer or polymer mixture does not  produce a
sufficient effect. When the amount thereof  exceeds 30 parts, the excellent
mechanical properties of  the polyester resin are impaired. The blowing
agent to be used in the invention is  not particularly limited. Examples
thereof include  physical blowing agents such as inert gases, e.g.,
nitrogen,  carbon dioxide, and helium, saturated hydrocarbons, e.g.,
propane, butane, pentane, and hexane, and halogenated  hydrocarbons such as
tetrafluoromethane and fluorocarbons;  and thermal decomposition type
blowing agents, e.g.,  inorganic thermal decomposition type blowing agents
such as  sodium hydrogen carbonate, potassium hydrogen carbonate,  ammonium
hydrogen carbonate, sodium carbonate, and ammonium  carbonate and organic
thermal decomposition type blowing  agents such as nitroso compounds, e.g.,
N,N'- dinitrosopentamethylenetetramine and N,N'-dimethyl-N,Nl-
dinitrosoterephthalamide, azo compounds, e.g.,  azodicarbonamide,
azobisisobutyronitrile, and barium 16 azodicarboxylates, and sulfonyl
hydrazide compounds, e.g.1  benzenesulfonyl hydrazide and toluenesulfonyl
hydrazide.  However, thermal decomposition type blowing agents are
preferred from the standpoints of foaming efficiency and no  need of using
a foam molding apparatus having an explosion- proof structure. The
inorganic thermal decomposition type blowing  agents enumerated above can
be used alone or as a mixture  of two or more thereof. Among these,
Preferred is sodium  hydrogen carbonate from the standpoints of foaming
efficiency and cost. The organic thermal decomposition type blowing  agents
enumerated above can be used alone or as a mixture  



of two or more thereof. Among these, preferred is  azodicarbonamide from
the standpoints of foaming efficiency  and cost. The amount of the blowing
agent to be added varies  depending on purposes, and is not particularly
limited. In  general, however, the amount thereof is preferably from 0.1
to 25 parts, more preferably from 0.3 to 18 parts, per 100  parts of the
polyester resin. When the amount of the  blowing agent added is smaller
than 0.1 parts, a molding  having a sufficiently high expansion ratio is
difficult to  obtain. When the amount thereof exceeds 25 parts, a foamed
molding having uniform cells is difficult to obtain. 17 The amount of the
blowing agent to be added may be  varied according to the amount of the
(meth)acrylic ester  polymer added. For example, when the amount of the
(meth)acrylic ester polymer added is 5 parts, 10 parts, or  20 parts per
100 parts of the polyester resin, then the  blowing agent is preferably
added in an amount of from 0.1  to 5 parts, from 0.5 to 10 parts, or from 1
to 25 parts,  respectively. The foamable polyester resin composition of the
invention further contains a filler so as to give a foamed  molding having
cell uniformity and improved strength. Examples of the filler to be used in
the invention  include talc, calcium carbonate, mica, wollastonite, clay,
and glass fibers. These fillers can be used alone or as a  mixture of two
or more thereof. Among these, preferred  from the standpoint of strength
improvement are talc, mica,  wollastonite, and clay. The amount of the
filler to be added is from 0.1 to  30 parts, preferably from 0.5 to 20
parts, more preferably  from 3 to 15 parts, per 100 parts of the polyester
resin.  



When the amount of the filler added is smaller than 0.1  part, a foamed
molding having uniform cells is not obtained  and sufficient strength is
difficult to obtain. When the  amount thereof exceeds 30 parts, the
resultant composition  has too high a melt viscosity and this tends to
impose a 18 higher load on the molding machine during molding.  Additives
other than those described above may be added to the foamable polyester
resin composition of the  invention according to need. Examples thereof
include  compatibilizing agents for reducing the load to be imposed  on the
drive motor of the molding machine in extrusion  molding, wetting agents
for preventing pellets from  separating from a powder, lubricants, impact
modifiers,  plasticizers, and colorants. Such additives may be used  alone
or in combination of two or more thereof. Processes for producing the
foamable polyester resin  composition of the invention are not particularly
limited.  For example, the composition can be produced by a process
comprising mixing the polyester resin with the (meth)acrylic ester polymer,
a thermal decomposition type  blowing agent, a filler, and other additives
and then melt- kneading the mixture with a melt-kneading machine such as a
single- or twin-screw extruder at a temperature suitable  for the resin
composition. Methods for molding the foamable polyester resin  composition
of the invention are not particularly limited,  and molding techniques in
general use, such as, e.g.,,  extrusion molding, can be applied. EXAMPLES
19 The invention will be explained below in more detail  by reference to
Examples and Comparative Examples. However,  



the invention should not be construed as being limited to  these Examples.
The evaluation methods used in the Examples and  Comparative Examples are
summarized below. Determination of Specific Viscosity of (Meth)Acrylic
Ester  Polymer: A 0.1 g portion of a polymer sample was dissolved in  100
mL of chloroform, and the viscosity of this solution  was measured with a
Ubbelohde viscometer kept at a constant  temperature in a 30'C water bath.
Determination of Expansion Ratio: A powder compound obtained (unfoamed
molding of a  polyester resin composition) was examined for specific
gravity and then molded with CMT-45, manufactured by  Cincinnati Milacron
Inc. to obtain a platy molding (foamed  molding of the polyester resin
composition). The specific  gravity of this molding was measured. The
expansion ratio  was calculated from those found values using the following
equation. Expansion ratio = (specific gravity of the unfoamed  molding of
polyester resin composition)/(specific gravity 20 of the foamed molding of
polyester resin composition)  Molding conditions are as follows. Molding
Conditions Molding temperatures: Cl = 150C, C2 = 155C, C3 = 160C,  adapter
= 170C, die = 175C Screw rotational speed: 10 rpm  Discharge rate: 15 kg/hr
Die: 10 mm X 180 mm Determination of Conversion into Polymer: Conversion
into polymer was calculated using the  following equation. 



Conversion into polymer (%) = {(amount of polymer  yielded)/(amount of
monomers introduced)} X 100 Measurement of Average Particle Diameter of
Latex: A (meth)acrylic ester copolymer latex obtained was  examined with
spectrophotometer U-2000, manufactured by  Hitachi, Ltd., using a scattered
light having a wavelength  of 546 nm to measure the average particle
diameter. Evaluation of Surface Property: The surface properties of a
molding obtained were  evaluated based on the following criteria through a
visual  examination of the appearance thereof. 21 A: having an excellent
appearance with almost no surface  recesses and protrusions. B: having
surface recesses and protrusions which are not so  conspicuous. C: having a
slightly poor appearance with many surface  recesses and protrusions. D:
having a poor appearance with considerable surface  recesses and
protrusions. Measurement of Compressive Strength: Compressive strength at
20% compression was measured  at 23C in accordance with JIS K7220.
Measurement of Flexural Strength: Flexural strength was measured at 23C in
accordance  with JIS K7221. Measurement of Heat Distortion Temperature Heat
distortion temperature (hereinafter referred to  as "HDT") was measured
under the conditions of a flexural  stress of 18.5 kgf/cm2 in accordance
with JIS K7207. EXAMPLE 1 Into an 8-L reactor equipped with a stirrer was
introduced 0.7 parts of dioctyl sodium sulfosuccinate, as 



22 an emulsifier, which had been dissolved in water beforehand.  Water was
added thereto in such an amount that the total water amount including the
amount of the water contained in  the minor ingredient to be added later
became 200 parts.  Nitrogen was passed through the gas phase and liquid
phase  in the reactor to thereby remove the oxygen from the  atmosphere and
water in the reactor. Thereafter, the  contents were heated to 70C with
stirring. Subsequently, a monomer mixture (a) consisting of 60 parts of
methyl  methacrylate (hereinafter referred to as MMA) and 20 parts  of
butyl acrylate (hereinafter referred to as BA) was  introduced en bloc into
the reactor. Thereto was then  added 0.005 parts of potassium persulfate as
an initiator.  The resultant reaction mixture was continuously stirred for
1 hour to substantially complete the polymerization. Thereafter, a monomer
mixture (b) consisting of 6  parts of MMA and 14 parts of BA was added
dropwise to the  reaction mixture at a rate of about 30 parts per hour.
After completion of the addition, the contents were kept at  70C for 90
minutes and then cooled. Thus, a polymer latex  was obtained. The average
particle diameter thereof was  measured. The results obtained are shown in
Table 1. The conversion into polymer in the polymerization  process was
99.5%. The polymer latex obtained was  coagulated by salting out with an
aqueous calcium chloride 23 solution, subsequently heat-treated by heating
to 900C, and  then filtered with a centrifugal dehydrator. The  dehydrated
resin cake obtained was rinsed with almost the  same weight of water as the
resin and then dried with a  parallel-flow drying oven at 500C for 15 hours
to obtain a  polymer sample (1) in a white powder form. The polymer  



sample (1) obtained was examined for specific viscosity.  The results
obtained are shown in Table 1. To 100 parts of a polyester resin (EASTER
6763,  manufactured by Eastman Chemical Co.) were added 10 parts  of the
polymer sample (1), 1.0 part of talc, 5.4 parts of  sodium hydrogen
carbonate, 0.6 parts of azodicarbonamide,  1.0 part of a compatibilizing
agent (Bond Fast BF-7B, manufactured by Sumitomo Chemical Co., Ltd.), and
0.1 part  of a wetting agent (Polybudene, manufactured by Koshigaya  Kasei
Kogyo). This mixture was kneaded with a Henschel  mixer to obtain a pellet
compound, which was molded with  CMT-45, manufactured by Cincinnati
Milacron Inc., to obtain  a foamed molding. This foamed molding was
evaluated for  surface properties and examined for expansion ratio. The
results obtained are shown in Table 1. EXAMPLES 2 TO 7 AND COMPARATIVE
EXAMPLES 1 TO 3 Using the ingredients shown in Table 1, polymer  samples
(2) to (10) were obtained in the same manner as in 24 I Example 1 according
to the respective compositions shown in  Table 1. These polymer samples (2)
to (10) were examined  for the various properties. Furthermore, 10 parts of
each  of the polymer samples (2) to (10) obtained was  incorporated into
100 parts of the polyester resin, and a  foamed molding was obtained from
the resultant compound in  the same manner as in Example 1. The foamed
moldings thus  obtained respectively in Examples 2 to 7 and Comparative
Examples 1 to 3 were evaluated for the various properties.  The results
obtained are shown in Table 1. 25 ' MMC)OCo oCDCo N o 
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Table 1 show the following.  When the (meth)acrylic ester polymer samples
(1) to (7)  were used, compositions having satisfactory expansibility  were
obtained. However, when the polymer samples (8) to  (10), which had been
obtained by using as a monomer mixture  (a) a mixture containing a monomer
selected from  methacrylic esters other than methyl methacrylate and
acrylic esters in a higher proportion or containing a vinyl  monomer
copolymerizable with these in a higher proportion  than the upper limit
specified in the invention, were used,  then sufficient expansibility was
not obtained. EXAMPLES 8 TO 12 AND COMPARATIVE EXAMPLES 4 TO 6  Polymer
samples (11) to (18) were obtained in the same manner as in Example 1
according to the compositions  shown in Table 2. The polymer samples
obtained were  subjected to the evaluations. The results obtained are
shown in Table 2. 
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mo r U ro-IP ro) d O 00 -r1a4-1 aU (--w m 28 The results given in Table 2
show the following.  The polymer samples (11) to (15), for which a monomer
mixture (b) having a composition within the range specified  in the
invention had been used, gave compositions having  satisfactory
expansibility. In contrast, the polymer  samples (16) to (18), for which a
monomer mixture having a  composition outside the range for the monomer
mixture (b)  according to the invention had been used as a monomer  mixture
(b), gave compositions having reduced expansibility. EXAMPLES 13 TO 17 AND
COMPARATIVE EXAMPLES 7 AND 8  Polymer samples (19) to (25) were obtained in
the same manner as in Example 1 according to the compositions  shown in
Table 3. The polymer samples obtained were subjected to the  evaluations.
The results obtained are shown in Table 3. 29 ' CONNO ~+ Q0rl Ovl00O 0 xNNN
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r-IOH 4-44-4 O0 F~F:4>1>1 ~-4 -H-Ha) coU]H0-P OO r-iU.1i~A OU O-H-Pa) U) pC
a-P0 4  a04 pO rlU a)4I >C Z44 0)}-I a)-ri o-r-I ,C a)a) O a)-ria) Q)W
$~4-4 044-I U) Nt 4J 4-JU)u 



a)EE-ri-H(a a)rdr,(d ,-{O 4-O 4JO NU N +)~4 E HM4-4 X -X --a)a) 44 ><a) ro
O-rl CoO-H Q040aO -H',>-ri4-4 oroZE~-ZE --cnUcnOrboWV) z  a)pc .-. r- (a)1
p 0)1 -P aO -rteQ r-~ ro0 ~rHroIi (0-H 00-Pa) WaU ~-W ro P 30 The results
given in Table 3 show the following.  The polymer samples (19) to (23), for
which a monomer  mixture (a) had been used in an amount within the range
specified in the invention, gave compositions having  satisfactory
expansibility. In contrast, the polymer  samples (24) and (25), for which a
monomer mixture (a) had  been used in an amount smaller than the lower
limit  specified in the invention, gave compositions having  insufficient
expansibility. EXAMPLES 18 TO 22, 22a AND COMPARATIVE EXAMPLES 9 AND 10
Polymer samples (26) to (32) and (30a) were obtained in the same manner as
in Example 1 according to the  compositions shown in Table 4. The polymer
samples obtained were subjected to the  evaluations. The results obtained
are shown in Table 4. 31 O 
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HWI co fl,1 +J   r" -P ra-H U) 0O -r1 a.P a) WU U) --W rd H 32 The results
given in Table 4 show the following.  The polymer samples (26) to (30) and
(30a), which had a  specific viscosity within the range specified in the
invention, gave compositions having satisfactory  expansibility. In
contrast, the polymer samples (31) and  (32), which had a specific
viscosity lower than the lower  limit specified in the invention or higher
than the higher  



limit specified in the invention, gave compositions having  insufficient
expansibility. EXAMPLES 23 AND 24 AND COMPARATIVE EXAMPLES 11 TO 14 The
effect of changes in the amount of the polymer  sample (28) in Example 20
incorporated into a polyester  resin on expansibility was evaluated in the
following  manner. Moldings were obtained in the same manner as in  Example
20, except that the amount of the polymer sample  (28), which was used in
Example 20, to be incorporated into  100 parts of the polyester resin was
changed from 10 parts  to 15 parts or 25 parts as shown in Table 5. The
moldings  obtained were examined for expansibility and surface  properties.
The results obtained are shown in Table 5 in  comparison with Example 20,
in which the polymer sample  amount was 10 parts. In Comparative Example
12, the resin  composition could not be sufficiently kneaded and, hence, a
molding suitable for expansibility evaluation could not be 33 obtained
therefrom. 34 r1coH Q4 p EIIW r:3 r -,I ro a)oN O -J U raw a ~-I MN ro a)
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U)  wa row (dW p 35 The results given in Table 5 show the following.  The
compositions containing the polymer sample (28) in an  amount within the
range specified in the invention showed  satisfactory expansibility. In
contrast, the composition  of Comparative Example 11, which contained the
polymer  sample in an amount smaller than the lower limit specified  in the
invention, and the compositions of Comparative  Examples 13 and 14, which
contained pyromellitic  dianhydride, did not show sufficient expansibility.
EXAMPLES 25 TO 31 AND REFERENCE EXAMPLES I AND 2  



Moldings were obtained in the same manner as in Example 20, except that the
kind and amount of the blowing  agent were changed as shown in Table 6. The
moldings were  evaluated for expansibility and surface properties. The
results obtained are shown in Table 6. In the table, SBC indicates sodium
hydrogen  carbonate and ADCA indicates azodicarbonamide. 36 Nom--l0
11400O[-OQ W XNN(N a w .-.U)N `)Oo W ~CN aW--oN rl00OON00al MNNOrI
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PFC4 Hr-I ror-IH OU rou roro v] xooEPQ a004 Was roCO< -- 37 The results
given in Table 6 show that the  



compositions according to the invention had satisfactory  expansibility.
EXAMPLES 32 TO 37 AND COMPARATIVE EXAMPLES 15 AND 16  Moldings were
obtained in the same manner as in Example 20, except that the kind and
amount of the filler  were changed as shown in Table 7. The moldings were
evaluated for expansibility, surface properties,  compressive strength,
flexural strength, and HDT. The  results obtained are shown in Table 7. The
fillers used and shown in the table were the  following commercial
products. Talc: LMS-200, manufactured by Fuji Talc Industry Co., Ltd.
Mica: A-21, manufactured by Yamaguchi Unmo  Montmorillonite: CLOISITE-25A,
manufactured by Southern  Clay 38  ro >~ -iMQIII j 9C  U  ro >HuH 04 -H .
ro x-PN U  I  ~: r- -H 0MNh' 
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zroU) 4-4I ) 0P U)ro H a r--Aa) P oU)  xl a'W + co 39 The results given in
Table 7 show the following. The compositions respectively containing
various fillers in  an amount within the range specified in the invention
were  satisfactory in expansibility, surface properties,  compressive
strength, flexural strength, and HDT. In  contrast, the composition of
Comparative Example 15, which  contained a filler in an amount smaller than
the lower  limit specified in the invention, gave a molding which had  



poor cell uniformity and hence had exceedingly poor surface  properties.
Thus, a molding suitable for the evaluations  could not be obtained from
the composition of Comparative  Example 15. On the other hand, the
composition of  Comparative Example 16, which contained a filler in an
amount larger than the upper limit specified in the  invention, gave a
molding in which cells had broken  considerably. Thus, a molding suitable
for the evaluations  could not be obtained therefrom. INDUSTRIAL
APPLICABILITY As described above, the foamable polyester resin  composition
of the invention comprises a polyester resin, a  specific (meth)acrylic
ester polymer, a filler, and a  blowing agent. Because of this
constitution, the  composition gives a foamed molding which has an
expansion  ratio as high as about from 3 to 15 and in which the 40
deterioration of surface properties and strength  attributable to an
increase in expansion ratio has been  mitigated. Therefore, the composition
of the invention can  not only be molded with existing extrusion-molding
machines  to thereby attain a reduction in production cost, but also  be
used in a wider range of applications. 41 CLAIMS 1. A foamable polyester
resin composition  comprising: (A) 100 parts by weight of a polyester
resin;  (B) from 0.5 to 30 parts by weight of a  (meth)acrylic ester
polymer or a polymer mixture obtained  by polymerizing from 0 to 50 parts
by weight of a monomer  mixture (b) comprising from 0 to 49% by weight
methyl  methacrylate, from 51 to 100% by weight at least one  



monomer selected from methacrylic esters other than methyl  methacrylate
and acrylic esters, and from 0 to 20% by  weight at least one vinyl monomer
copolymerizable therewith,  in the presence of a polymer latex which is
obtained by  emulsion-polymerizing from 50 to 100 parts by weight of a
monomer mixture (a) comprising from 51 to 100% by weight  methyl
methacrylate, from 0 to 49% by weight at least one  monomer selected from
methacrylic esters other than methyl  methacrylate and acrylic esters, and
from 0 to 20% by  weight at least one vinyl monomer copolymerizable
therewith  wherein, when 0.1 g of the polymer is dissolved in 100 mL  of
chloroform, the resulting solution has a specific  viscosity of from 0.7 to
1.9 as measured at 30C (wherein  the sum of the monomer mixtures (a) and
(b) being 100 parts  by weight), 42 wherein, when 0.1 g of the
(meth)acrylic ester  polymer or the polymer mixture is dissolved in 100 mL
of  chloroform, the resulting solution has a specific viscosity  of from
0.65 to 1.7 as measured at 30C; (C) from 0.1 to 30 parts by weight of a
filler; and  (D) a blowing agent. 2. The foamable polyester resin
composition  according to claim 1, wherein the polyester resin (A) is an
amorphous polyester resin. 3. The foamable polyester resin composition
according to claim 1 or 2, wherein the filler (C) is talc,  calcium
carbonate, mica, wollastonite, clay, or glass fiber. 4. The foamable
polyester resin composition  according to any one of claims 1, 2 and 3,
wherein the  blowing agent (D) is a thermal-decomposable blowing agent  and
is contained in an amount of from 0.1 to 25 parts by  weight per 100 parts
by weight the polyester resin. 



5. A foamed molding obtained by molding the foamable polyester resin
composition according to claim 1. 43 


