
EP 0 334 313 B1 Description This invention relates to foamed particles of a
propylene copolymer resin and a foamed mold article. The foamed mold
article obtained by filling the foamed particles of the present invention
into the cavity of a 5 mold having a steam holes and then heating the
foamed particles with steam to melt-adhere the foamed particles to each
other is excellent in heat resistance, impact resistance, and strength,
particularly mechanical strength, due to the strong adhesion among the
foamed particles. The foamed mold article is therefore useful as a lagging
material for hot-spring pipings or solar water heaters, a heat-insulating
material for use in walls, floors or the like, and a cushioning material
such as packaging fitment for refrigerators or 1o TV sets and a core
material for automobile bumpers. Polystyrene foamed mold articles are being
used as a heat-insulating material, a packaging fitment and cushioning
material in various fields. However, the polystyrene foamed mold article
has disadvantages that its recovery of compression strain is low, and that
it is poor in heat resistance, which is 70 to [err] at the highest, and in
oil resistance and impact resistance. 15    In an attempt to eliminate
these disadvantages, there have been proposed foamed particles of propylene
resins [see, JP-B-49-2183, JP-A-57-90027, JP-A-57-195131, JP-A-58-1732,
JP-A-58-23834, JP-A- 58-25334, JP-A-58-33435, JP-A-58-55231, JP-A-58-76229,
JP-A-58-76231, JP-A-58-76232, JP-A-58-76233, JP-A-58-76234, JP-A-58-87027
and JP-A-62-151325 (The terms "JP-A' and "JP-B" as used herein mean an
"unexamined published Japanese patent application" and an "examined
Japanese patent publication", 20  respectively)]. Of such foamed particles
of propylene resins, the foamed particles composed of a propylene
homopolymer as a base resin should be molded, with high-pressure steam,
i.e., high-temperature steam, applied thereto so as to complete the
melt-adhesion of the foamed particles. Thus, there has been proposed
preliminarily foamed particles prepared by the use of an ethylene-propylene
random copolymer, 25 as a base resin, having an ethylene content of from 1
to 20% by weight (see, JP-B-59-23731). The above-mentioned preliminarily
foamed particles are advantageous in that they can be molded at a lower
steam pressure than that for foamed particles composed of such a base resin
as a propylene homopolymer or an ethylene-propylene block copolymer. On the
other hand, in the field of automobile bumpers, the conventional metallic
bumpers are being 30  replaced by plastic bumpers, particularly those
composed of a core material of foamed resin and a surface material of
non-foamed resin, in order to decrease the weight of an automobile. As raw
resins for such a foamed bumper core material, there have been employed a
polyurethane foam, polystyrene, crosslinked polyethylene and an
ethylene-propylene random copolymer [see, "Foam Times" No. 842, published
on July 25, 1981, JP-A-U-55-163254 (The term "JP-A-U" as used herein means
an "unexamined published 35  Japanese utility model application"), U.S.
Patent 4,350,378, JP-A-58-221745, JP-A-60-189660, and U.S. Patents
4,504,534 and 4,600,636]. A bumper core material composed of a foamed mold
article whose base resin is an ethylene-propylene random copolymer having
an ethylene content of from 1 to 12% by weight and which has a density of
from 0.03 to 0.065 g/cm3 is superior in light weight properties to
polyurethane foams, superior in dimensional 40 recovery and heat resistance
to polystyrene foamed mold articles, and superior in heat resistance and
strength to crosslinked polyethylene foamed mold articles. For this reason,
there has recently been a growing demand for this foamed mold article as a
bumper core material. Foamed particles of a propylene resin are produced by
the process which comprises dispersing propylene resin particles into water
in a closed vessel, feeding a volatile organic blowing agent into the 45
closed vessel, heating the dispersion to a temperature above the softening
point of the propylene resin particles while the pressure within the closed
vessel is being kept at the vapor pressure of the blowing agent or a higher
pressure, maintaining that temperature and pressure for a certain period of
time, and then opening a discharge port provided in the closed vessel below
the water level to release, together with the water, the propylene resin
particles impregnated with the volatile blowing agent into an atmosphere
having a 50 lower pressure than that within the vessel (refer to the
Japanese Patent Publications as mentioned hereinbefore). In this process
for preparing propylene resin foamed particles, an, ethylene-propylene
random copolymer can also be advantageously used as a raw resin. That is,
in thetase where foamed particles 



having a certain expansion rate are to be produced from an
ethylene-propylene random copolymer having a 55  lower melting point, a
propylene homopolymer and an ethylene-propylene block copolymer,
separately, with the filling ratio (the ratio of the total volume of the
contents such as the water, resin, etc. to be used for the reaction to the
capacity of the closed vessel) kept constant over the three raw resins, the
heating temperature for the ethylene-propylene random copolymer having a
lower melting point can be low and, 3    A EP0334313B1 hence, the inner
pressure of the closed vessel can also be low as compared with those for
the other two polymers, so that a closed vessel designed to have a lower
pressure resistance can be employed for the ethylene-propyelne random
copolymer. Because of its low melting point, an ethylene-propylene random
copolymer having a higher ethylene 5  content is preferred, from the
viewpoint of easy foaming and molding, to an ethylene-propylene random
copolymer with a lower ethylene content. However, in order to improve the
compressive strength of a foamed mold article (such as, for example, a
bumper core material as disclosed in the aforementioned JP-A-58-221745)
obtained by heating and melt- adhering, in a mold, foamed particles
comprising an ethylene-propylene random copolymer as a base resin, 10  the
expansion rate of the intended foamed mold article should be lowered as
described in the aforemen- tioned JP-A-60-189660, or an ethylene-propylene
random copolymer having a low ethylene content should be employed as a base
resin. If such a foamed mold article is for use as a bumper core material;
it is not preferable to lower the expansion rate, i.e., to increase the
density, of the mold article (bumper core material) from the viewpoint of
is  automobile design, because it results in an increased weight of the
bumper core material. Thus, in order to meet the need for lighter-weight
automobile, a foamed mold article having a lower density is preferred over
others if the former has the same strength as those of the latter. On the
other hand, if an ethylene-propylene random copolymer having a low ethylene
content is employed as a base resin, the pressure resistance of the closed
vessel to be used for preparing foamed 20  particles from the base resin
should be increased and the operating temperature also increased, as
mentioned before, so as to cope with the high melting point of the base
resin. Further, where the thus- prepared foamed particles are subjected to
molding, the molding machine should be modified to increase its mold
clamping force and there are other economical disadvantages related to
equipment and service. Moreover, the sizes of the cells of the foamed
particles obtained from such ethylene-propylene random 25  copolymer are so
small that the mutual melt-adhesion of the foamed particles at the time of
molding is not good. JP-A-60-110734 disclosed preliminarily foamed
particles of a propylene-1-butene random copolymer having a 1-butene
content of from 15 to 40 mol% (19 to 47% by weight) and a heat of
crystallization of from 20.9 to 62.8 J/g (5 to 15 cal/g). 30     The
above-mentioned preliminarily foamed particles are molded into a foamed
mold article by a process which comprises imparting an elevated pressure to
the inside of the preliminarily foamed particles with pressurized air,
filling the resulting particles into a cavity of a mold, and applying heat
to the particles in the cavity of a mold to take place secondary foaming.
The purpose of the use of the propylene-1-butene random copolymer in this
process is to effect the heating at a lower temperature, and there is no 35
description therein teaching or suggesting a method of improving the
mechanical strength of the foamed mold article. Since this propylene-1
-butene random copolymer having a 1 -butene content of from 15 to 40 mol%
has a low crystallinity as apparent from its heat of crystallization as low
as 20.9 to 62.8 J/g (5 to 15 cal/g), the molding can be effected at a lower
temperature. However, the thus-obtained foamed mold article shows 40
little improvement in compressive strength. EP-A1-0 159 476 discloses a
prefoamed cross-linked propylene/1-butene random copolymer having a heat of
crystallization of 10 to 19 cal/g. 



It is, therefore, an object of the present invention to provide foamed
particles which can be produced by means of conventional equipments at a
relatively low temperature or pressure, and which can be molded, 45  by the
application of heat for melt-adhesion by means of conventional equipments
at a relatively low temperature or pressure, into a foamed mold article
having an excellent compressive strength. Another object of this invention
is to provide a bumper core material for use in automobile bumpers, which
is excellent in strength, energy-absorbing properties and heat resistance.
The foregoing and other objects, features and advantages of the present
invention will be apparent to 50  those skilled in the art from the
following detailed description and appended claims taken in connection with
the accompanying drawing in which: Fig. 1 is a graph showing a stress-stain
curve of a bumper core material of the present invention. DETAILED
DESCRIPTION OF THE INVENTION 55 According to the present invention, the
temperature for the foaming of a raw resin and the steam pressure
(temperature) for the molding of foamed particles can be lowered and also
the compressive strength of the resulting foamed mold article can be
improved, by the use of a non-crosslinked propylene-1- 4    EP 0 334 313 B1
butane random copolymer, as a base resin, which has a 1-butene content of
from 3 to 12% by weight, preferably from 4 to 10% by weight and, hence, has
a high crystallinity. In one aspect of the present invention, there are
provided non-crosslinked foamed particles of a propylene resin which
comprises, as a base resin, a random copolymer of propylene and 1-butene,
said 5  random copolymer having a 1-butene content of from 3 to 12 % by
weight and a heat of crystallization of from 71.2 to 121.4 J/g (17 to 29
cal/g). a-Olefin copolymerizable with propylene include 1-butene, ethylene,
1-hexene, 1-pentene and many others. However, it is presumed that 1-butene
assumes a similar crystalline state in the copolymer as that of propylene
and, hence, such crystalline states are highly stable. 10     This
propylene-1-butene random copolymer has a heat of crystallization of from
71.2 to 121.4 J/g (17 to 29 cal/g), preferably from 71.2 to 104.7 J/g (17
to 25 cal/g). The foamed particles prepared from this random copolymer
usually has a bulk density of from 0.015 to 0.090 g/cm3, preferably from
0.030 to 0.070 g/[err]. Further, the invention comprises a bumper core
material for use in automobile bumpers which is 15  composed of a
non-crosslinked foamed mold article of a random copolymer of propylene and
1-butene, said random copolymer having a 1-butene content of from 3 to 12 %
by weight, a heat of crystallization of from 17 to 29 cal/g, said foamed
mold article having a density of from 0.02 to 0.08 g/cm3, a compression
stress at 50 % compression as measured at 20  C of 0.25 to 0.98 MPa (2.5 to
10 kg/cm2), and an energy absorption efficiency as measured at [err] of 60
to 90 %, the ratio [err] of the amount of the energy 20 absorption of said
foamed mold article as measured at 80 [err]  to the amount of the enery
absorption of said foamed mold article as measured at 20 [err] being 0.5 to
0.9. The bumper core material of the present invention is a mold article-
obtained by molding foamed particles of a propylene resin which comprises
propylene as the principal constituent and 1-butene, with the 1-butene
content being 3 to 12% by weight. As the propylene resin for use in making
the bumper core 25  material, there may be employed a random copolymer of
1-butene and propylene; a random terpolymer of 1-butene, ethylene and
propylene, with the 1-butene content and ethylene content being 3 to 12% by
weight and 0.5 to 5% by weight, respectively; a terpolymer of 1 -butene,
4-methylpentene-1 and propylene, with the 1-butene content and
4-methylpentene-1 content being 3 to 12% by weight and 0.5 to 5% by weight,
respectively; a random terpolymer of 1-butene, 1-hexene and propylene; a
quadripolymer of 1- 30  butene, propylene, ethylene and 4-methylpentene-1
or 1-hexene; and the like. The propylene-1-butene random copolymer for use
in making the bumper core material preferably has a crystallinity of 40 to
90% and a heat of crystallization of from 71.2 to 117.2 J/g (17 to 28
cal/g). The 1-butene contents of these propylene-1-butene random copolymers
were determined by infrared 



spectrophotometry using samples prepared by applying a pressure of 0.20
MPaG (2 kg/cm[err] on the 35 copolymer particles at 190 [err] for 1 minute
by means of a hot press to obtain 0.5 mm-thick sheets, and then leaving the
sheets for a day at 20 [err] The heat of crystallization of the copolymer
was determined by means of a differential scanning calorimeter (DSC). That
is, using the DSC, a sample weighing 3 to 8 mg was molten at 240 C, and
then cooled to 30 C at a rate of 10[err]/min. From the area of the
crystallization peak on the resulting DSC chart, 40 the heat energy
released from the copolymer when the molten copolymer crystallized was
calculated. The 1-butene content of the copolymer is from 3 to 12% by
weight, preferably from 4 to 10% by weight. A copolymer having a 1-butene
content below 3% by weight is disadvantageous in that the preparation of
foamed particles from such a copolymer and the melt-adhesion of the foamed
particles by heat should be effected at a too high temperature or pressure,
because such a copolymer has a high 45 melting point and the foamed
particles prepared therefrom have very small cells A copolymer having a 1-
butene content above 12% by weight is not good because it gives a foamed
mold article having poor compressive strength and heat resistance.
According to need, other polyolefin resins can be blended with the
propylene-1-butene random copolymer in an amount not exceeding 50% by
weight based on the total amount. For example, there may 50 be added a
propylene homopolymer, an ethylene-propylene random copolymer, an
ethylene-propylene block copolymer, an ethylene-propylene rubber, an
ethylene-propylene-1-butene random copolymer, a high- pressure low-density
polyethylene, a straight-chain low-density polyethylene, medium- and
high-density polyethylenes, an ethylene-vinyl acetate copolymer, an
ethylene-methyl acrylate copolymer, an ethylene- ethyl acrylate copolymer,
an ethylene-acrylic acid copolymer, etc. 55   Further, the propylene resin
may contain an inorganic filler such as zeolite, silica, talc or the like,
a pigment, a heat stabilizer, a dye, a lubricant and an antistatic agent.
The content of such fillers and additives in the propylene resin should be
5% by weight or less, preferably 2% by weight or less, based on the amount
of the resin in order to attain good melt-adhesion when the foamed
particles to be obtained 5    EP 0 334 313 B1 from the propylene resin are
molded by steam-heating the foamed particles to melt-adhere to each other.
The weight of each particle of the propylene-1-butene random copolymer is
from 0.01 to 20 mg, preferably from 0.1 to 10 mg. The granulation can be
done any of the strand-cutting method, the underwater cutting method, the
sheet-cutting method, the freeze-pulverization method, the melt spraying 5
method and the like. A suitable method may be selected taking into
consideration production efficiency, economical efficiency, moldability and
quality. Regranulation may also be possible. Foamed particles of the
propylene-1-butene random copolymer may be according to the methods as
described in the aforementioned Japanese Patent Publications. For example,
foamed particles are produced by a process which comprises dispersing
particles of a io propylene-1-butene random copolymer in water in a closed
vessel, feeding a volatile blowing agent into the closed vessel, heating
the dispersion to a temperature not lower than the softening point of the
resin particles but not exceeding the temperature 20 [err] higher than the
melting point of the resin particles, and then opening a discharge port
provided in the closed vessel below the water level to release the aqueous
dispersion containing the resin particles impregnated with the blowing
agent into an atmosphere having a 15 lower pressure than that within the
closed vessel (e.g., the atmosphere). In this process, it is preferably
that the release of the dispersion be facilitated by heightening the
pressure within the closed vessel by introducing air or nitrogen gas.
Examples of the volatile blowing agent to be used include organic compounds
having boiling points not exceeding 80 [err], such as aliphatic
hydrocarbons, e.g., propane, butane, pentane, hexane, heptane, etc.; and 20
halogenated    hydrocarbons,   e.g.,   trichlorofluoromethane,
dichlorodifluoromethane,    dich- lorotetrafluoromethane, methyl chloride,
ethyl chloride, methylene chloride, etc. They may be used either alone or
in combination of two or more thereof. The amount of the volatile blowing
agent depends upon the kind thereof and the desired bulk density of 



the intended resin foamed particles. However, it is usually in the range of
from 10 to 50 parts by weight per 25 100 parts by weight of the resin
particles. Examples of the dispersing agent which can be used for
dispersing the resin particles include inorganic suspending agents such as
aluminum oxide, titanium oxide, calcium carbonate, basic magnesium car-
bonate, calcium tertiary phosphate, calcium pyrophosphate, etc.
water-soluble polymeric protective colloids such as polyvinyl alcohol,
carboxymethyl cellulose, N-polyvinylpyrrolidone, etc.; and anionic surface
active 30 agents such as sodium dodecylbenzenesulfonate, sodium
alkanesulfonates, sodium alkylsulfates, sodium olefin sulfates,
acylmethyltaurines, sodium dialkylsulfosuccinates, etc. Of these,
particularly preferred is a combined use of calcium tertiary phosphate
having a particle size of 0.01 to [err]as an inorganic suspending agent and
sodium dodecylbenzenesulfonate as an auxiliary suspending agent. Such
calcium tertiary phosphate fine particles can be prepared by reacting from
0.60 to 0.67 mole of phosphoric acid per 35 mole of calcium hydroxide in
water. The amount of water to be used as a dispersing medium may be in the
range of from 150 to 1,000 parts by weight, preferably from 200 to 500
parts by weight, per 100 parts by weight of the resin particles. If the
amount of water is less than 150 parts by weight, blocking of the resin
particles may occur during the application of heat and pressure. If it
exceeds 1,000 parts by weight, the productivity of foamed particles is 40
reduced and, hence, not economically efficient. Resin foamed particles
according to the present invention can be prepared as follows. The
propylene-1 - butene random copolymer resin particles are dispersed in
water by a dispersing agent in a closed vessel, and a gaseous or liquid
blowing agent is fed to the aqueous dispersion. The dispersion in the
closed vessel is then heated to a temperature not lower than the softening
point of the resin but not higher than the 45  temperature [err] higher
than the melting point. The pressure within the vessel rises upon this
heating, whereby the blowing agent is impregnated into the copolymer resin
particles. Thereafter, the copolymer resin particles are released together
with the water from the closed vessel through a discharge port, e.g., a
slit or a nozzle, provided in the lower portion of the closed vessel into a
zone kept at a lower pressure than that in the closed vessel, generally at
atmospheric pressure. Thus, propylene-1-butene random copolymer 50 foamed
particles having a bulk density of from 8 to 100 kg/[err] can be obtained.
In the above process, before or after the addition of the blowing agent
into the closed vessel, an inorganic gas, such as nitrogen, helium, air,
etc., is introduced into the closed vessel to apply pressure. The
introduction of the inorganic gas may be effected either before or after
the heating of the dispersion. This introduction of an inorganic gas, such
as air, nitrogen, argon, etc., into the closed vessel serves to 55
facilitate' impregnation of a blowing agent into the resin particles and to
produce propylene-1-butene random copolymer foamed particles having a low
bluk density. A suitable heating temperature for the dispersion can be
decided as follows. That is, the propylene-1- butene random copolymer resin
particles are assayed for a peak of crystal fusion temperature (so-called 6
EP 0 334 313 B1 melting point) by means of a differential scanning
calorimeter. Then, the heating temperature is selected from the range
between the lower limit set at the temperature about 20 [err]lower than the
peak temperature and the upper limit set at the temperature about 20 [err]
higher than the peak temperature, and is preferably 3 to 15[err] lower than
the peak temperature. 5     The time for the heating of the dispersion in a
closed vessel is varied depending upon the pressure applied on the
dispersion, the temperature at which the dispersion is being heated and a
desired expansion rate. However, it is usually from 30 minutes to 12 hours,
and preferably from 1 to 3 hours. The resulting foamed particles released
into the atmosphere are dried, or aged, in a chamber at 30 to 65[err] to
remove the water which is adhering to the surfaces of the foamed particles.
The dried foamed 10  particles are then molded into a cushioning material,
e.g., a bumper core material, a container, etc. As a molding method, or a
bead-molding method, to be applied to the foamed particles, there may be
employed various known methods, examples of which are as follows. (1) A
compression molding method which comprises filling the propylene-1-butene
random copolymer 



foamed particles into a cavity of a mold, compressing the foamed particles
to reduce their volume by 15 15   to 50%, introducing steam under a
pressure of 0.10 to 0.49 MPaG (1 to 5kg/[err]) to melt-adhere the foamed
particles to each other, and then cooling the mold to obtain a final
product (West German Patent Application (OLS) No. 2107683). (2) A method
which comprises previously impregnating the foamed particles with a
volatile blowing agent to impart secondly foamability to them, filling the
foamed particles into a cavity of a mold, and heating 20   them with steam,
whereby secondary foaming takes place and the particles are melt-adhered to
each other, to obtain a final product. (3) A method which comprises putting
the foamed particles in a closed chamber, introducing an inorganic gas,
e.g., air, nitrogen, etc., under pressure into the chamber to elevate the
pressure in the cells of the foamed particles and thus impart secondary
foamability, filling into a cavity of a mold the 25    prefoamed particles
having secondary foamability, and heating them with steam, whereby
secondary foaming takes place and the particles are melt-adhered to each
other, to obtain a final product (a so- called press aging method;
JP-B-59-23731 and JP-B-59-43492). (4) A method of producing a foamed mold
article by filling the foamed particles into a cavity of a mold and heating
them with steam to melt-adhere the foamed particles to each other, which
method 30    comprises filling the foamed particles into a cavity of a mold
whose inner pressure has been heightened to 0.10 to 0.59 MPaG (1.0 to 6.0
kg/[err]) by introducing a pressurized gas, said filling of the foamed
particles being effected portion-wise successively while compressing the
foamed particles by a pressur- ized gas having a pressure 0.05 MPaG (0.5
kg/[err] or more higher than the pressure in the cavity of the mold and
while maintaining the pressure in the cavity of the mold within the range
mentioned above, 35    subsequently, after completion of the filling,
lowering the pressure in the cavity of the mold to atmospheric pressure,
and then heating the foamed particles with steam to melt-adhere the foamed
particles to each other, wherein the compression rate of the foamed
particles represented by the following formula: 40 Compression  rate  (%)
=                 [err] wherein W and V represent the weight (g) and the
volume (err) of the intended mold article, respectively, 45    and [err]
represents the bulk density (g/[err]) of the foamed particles as measured
in the atmosphere, is controlled so as to be in the range of from 40 to
70%, thereby to obtain a final product (JP-A-62- 151325). (5) A method of
producing a foamed mold article from propylene-1-butene random copolymer
particles by filling a cavity of a mold with foamed particles of a
propylene-1-butene random copolymer, and 50    heating them with steam to
melt-adhere the foamed particles to each other, which method comprises
filling a cavity of a mold whose inner pressure has been increased to 0.05
to 0.49 MPaG (0.5 to 5.0 kg/[err] by introducing a pressurized gas with the
foamed particles which have been obtained by treating foamed particles with
a pressurized gas having a pressure 0.05 MPaG (0.5 kg/[err] or more higher
than the pressure in the cavity of the mold for not less than 1 hour to
impart an elevated gas 55    pressure to the inside of the particles, said
filling of the foamed particles being effected portion-wise successively by
the use of a pressurized gas having a pressure 0.05 MPaG (0.5 kg/[err] or
more higher than the pressure in the cavity of the mold while maintaining
the pressure in the cavity of the mold within the range mentioned above,
subsequently, after' completion of the filling, lowering the 7    EP 0 334
313 B1 pressure in the cavity of the mold to atmospheric pressure, and then
heating the foamed particles with steam to melt-adhere the foamed particles
to each other, wherein the compression rate of the foamed particles
represented by the following formula: 5 Compression  rate  (%) = [err] 10
wherein W and V represent the weight (g) and the volume (err) of the
intended mold article, respectively, 



and [err] represents the bulk density (g/[err] of the foamed particles as
measured in the atmosphere, is controlled so as to be below 40% (excluding
0%), thereby to obtain a final product. The thus-obtained foamed mold
articles of a propylene-1-butene random copolymer, e.g., a bumper core
material, show excellent melt-adhesion among the foamed particles and high
mechanical strength. 15     The bumper core material for use in automobile
bumpers according to the present invention has a density of from 0.02 to
0.08 g/[err], preferably from 0.030 to 0.075 g/cm3. If the density is below
0.02 g/cm3, the energy-absorbing properties are poor, while if it exceeds
0.08 g/[err], such a bumper core material has no merit in light weight as
compared with other materials such as that composed of a propylene-ethylene
copolymer. 20    In addition to low densities which lead to lighter weights
of automobiles, the bumper core materials are required to have: (1) high
strength so as to reduce their thicknesses; (2) energy absorption
efficiencies of 60% or more as measured at room temperature; (3) sufficient
energy-absorbing properties in the high-temperature range; 25   (4)
excellent chemical resistance; etc. The bumper core material of the present
invention has the following specific properties as derived from the
stress-strain curve shown in Fig. 1, which is obtained by cutting out a
test piece having a length of 80 mm, a width of 80 mm and a thickness of 50
mm, and compressing it at a speed of 20 mm/min: (i) The compression stress
at 50% compression (Point A) as measured at 20 [err] is as high as 0.25 MPa
30    (2.5 kg/[err] or more; (ii) The energy absorption efficiency (area of
OAB/area of OABC) is 60% or more; and (iii) The ratio [err] of the energy
absorption at 80 [err] to that at 20 [err]is 0.5 or more. Hence, the bumper
core material of the present invention has a higher strength that that of
the conventional bumper core material composed of a foamed
ethylene-propylene random copolymer. The 35 bumper core material of the
present invention therefore has advantages that (a) the thickness of the
bumper core material can be reduced under a restriction that bumper core
materials should have the same density, and that (b) the bumper core
material having a lower density can be employed under a restriction that
bumper core materials should have the same thickness, thereby enabling
bumper core materials to be light- weight. Further, the bumper core
material of the present invention shows sufficient energy absorbing 40
properties even at high temperatures. The present invention will be
illustrated in more detail with reference to the following Examples, which
should not be construed to be limiting the scope of the invention. In the
Examples and Comparative Examples, all parts and percentages are by weight.
45  Example 1 Foamed particles were prepared using propylene-1-butene
random copolymer particles having a 1- butene content of 6.0% by weight, a
melt flow rate (MFR) as measured at 230 [err] of 8.5 9/10 min, a heat of
crystallization of 82.0 J/g (19.6 cal/g) and an average particle weight of
about 1 mg. 50     That is, into an autoclave were introduced 250 parts of
water, 100 parts of the above-mentioned propylene-1-butene random copolymer
particles, 1.0 part of calcium tertiary phosphate having a particle
diameter of 0.3 to 0.5 [err] and 0.007 part of sodium
dodecylbenzenesulfonate (filling ratio: 62%). Subsequently, nitrogen gas
was fed to the autoclave, with stirring, until the inner pressure of the
autoclave increased to 0.49 MPaG (5 kg/[err]. After the feeding of nitrogen
gas was stopped, 18 parts of isobutane 55 was fed to the autoclave.
Subsequently, the resulting dispersion in the autoclave was heated to 132
[err] over a period of 1 hour, and then maintained at that temperature for
45 minutes. At the end of this 45-minute heating, the inner pressure of the
autoclave was 2.35 MPaG (24 kg/[err]. 8    EP0334313B1 After that, the
valve of the discharge nozzle provided at the bottom of the autoclave was
opened, and the heated dispersion was jetted therethrough into the
atmosphere over a period of about 2 seconds to effect foaming The inner
pressure of the autoclave was about 0.98 MPaG (10 kg/[err] the moment the 



final portion of the dispersion was released from the autoclave. During the
release, the temperature of the autoclave was maintained at 132 C. The
thus-obtained foamed particles of the propylene-1-butene random copolymer
had a bulk density of 30 kg/[err], a particle diameter of 3.3 mm and a
foamed cell diameter of 150 [err]. No blocking of the foamed particles was
observed. These foamed particles were dried by leaving them in a chamber at
40 C for 2 days. The resulting io  dried foamed particles were filled into
a cavity of a mold having steam holes, and then compressed to decrease
their volume by 50%. Subsequently, steam under a pressure of 0.29 MPaG (3
kg/cm[err]) was introduced to the mold to melt-adhere the foamed particles
to each other. The resulting melt-adhered particles therefore were cooled
with water for 10 seconds, and then allowed to cool for 30 seconds. The
mold was opened to obtain a foamed mold article having a density of 60
kg/[err], a width of 150 mm, a 15  length of 300 mm and a thickness of 125
mm. The compressive strength of thus-obtained foamed mold article was
measured according to the following method, and was found to be 0.62 MPa
(6.3 kg/[err]). In accordance with JIS-K6767, a test piece having a density
of 60 kg/[err] and a size of 50 mm x 50 mm x 50 mm was compressed at a
compression speed of 10 mm/min, and the load at 50% compression was 20
measured. This measurement was made at 20 [err]. Examples 2 and 3 and
Comparative Examples 1 to 5 Using particles of each of the resin as shown
in Table 1, the same procedures as in Example 1 were 25  repeated except
that the temperature of the autoclave was varied so as to obtain foamed
particles having a bulk density of 30 kg/[err] (accordingly, the inner
pressure of the autoclave also varied) and the steam pressure was properly
selected so as to melt-adhere the foamed particles to each other. Thus,
foamed mold articles each having a density of 60 kg/[err] were obtained.
Each article was evaluated for heat of crystallization and compressive
strength, and the results are 30  shown in Table 1. In Table 1, the foaming
temperature indicates the temperature of the autoclave before the heated
dispersion is released from it. As mentioned above, the temperature of the
autoclave was selected so as to obtain foamed particles having a bulk
density of 30 kg/[err], with the raw materials-introducing conditions
(filling ratio) as in Example 1 kept unchanged. 35     Further, the molding
temperature indicates the minimum steam pressure needed to obtain a foamed
mold article of good quality. 40 45 50 55 9    EP 0 334 313 B1 10 15 20 25
40 45 Example 4 55      Foamed particles were prepared using
propylene-1-butene random copolymer particles having a 1- butane content of
5.2% by weight, an MFR as measured at 230[err] of 9.7 g/10 min, a heat of
crystallization of 94.6 J/g (22.6 cal/g) and an average particle weight of
about 1 mg. 10   



EP 0 334 313 B1 That is, into an autoclave were introduced 250 parts of
water, 100 parts of the above-mentioned propylene-1-butene random copolymer
particles, 1.0 Part of calcium pyrophosphate and 0.007 part of sodium
dodecylbenzenesulfonate (filling ratio: 62%). Subsequently, nitrogen gas
was fed to the autoclave, with stirring, until the inner pressure of the
autoclave increased to 0.49 MPaG (5 kg/[err]). After the feeding 5  of
nitrogen gas was stopped, 18 parts of isobutane was fed to the autoclave.
Subsequently, the resulting dispersion was heated to 140[err] over a period
of 1 hour, and then maintained at that temperature for 45 minutes. At the
end of this 45-minute heating, the inner pressure of the autoclave was 2.55
MPaG (26 kg/[err]. After that, the valve of the discharge nozzle provided
at the bottom of the autoclave was opened, and 10 the heated dispersion was
jetted therethrough into the atmosphere over a period of about 2 seconds to
effect foaming. The inner pressure of the autoclave was about 0.98 MPaG (10
kg/[err]) the moment the final portion of the dispersion was released from
the autoclave. During the release, the temperature of the autoclave was
maintained at 140 [err]. The thus-obtained foamed particles of the
propylene-1-butene random copolymer had a bulk density of 15 30 kg/[err], a
particle diameter of 3.3 mm and a foamed cell diameter of 150 [err]. No
blocking of the foamed particles was observed. These foamed particles were
dried by leaving them in a chamber at [err] for 2 days. The resulting dried
foamed particles were filled into a cavity of a mold having steam holes,
and then compressed to decrease their volume by 50%. Subsequently, steam
under a pressure of 0.29 MPaG (3.0 kg/cm2G) was 20  introduced to the mold
to melt-adhere the foamed particles to each other. Then, the resulting
melt-adhered particles were cooled with water for 10 seconds, and then
allowed to cool for 30 seconds. The mold article was taken out of the mold,
thus obtaining a bumper core material having a density of 0.062 g/cm3, a
length of 1500 mm, a width of 200 mm and a thickness of 150 mm. A test
piece having a length of 80 mm, a width of 80 mm and a thickness of 50 mm
was cut out of the 25 thus-obtained bumper core material, and subjected to
a compression test to obtain a stress-strain curve as measured at 20 [err]
and that for [err]. From the two stress-strain curves, there were obtained
the stress at 50% strain, the energy absorption efficiencies, the amounts
of energy absorption, and the ratio of the amount of energy absorption at
[err] to the amount of energy absorption at 20 [err]. The results obtained
are shown in Table 2. 30 Examples 5 to 7 and Comparative Examples 6 to 8
Using the polypropylene resins as shown in Table 2, which were
propylene-butene-1 random copolymers (BPF), propylene-ethylene random
copolymers (EPF) and a propylene-ethylene block 35  copolymer (EPB), the
same procedures as in Example 4 were repeated, thereby obtaining bumper
core materials. They had physical properties as shown in Table 2. 40 45 50
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12 % by weight and a heat of crystallization of from 71.2 to 121.4 J/g (17
to 29 cal/g). 2. A foamed mold article composed of particles of a random
copolymer of propylene and 1-butene as claimed in claim 1, said article
having a density of from 0.015 to 0.09 g/cm3. 5 3 A bumper core material
for use in automobile bumpers which is composed of a non-crosslinked foamed
mold article of a random copolymer of propylene and 1-butene, said random
copolymer having a 1- butene content of from 3 to 12 % by weight, a heat of
crystallization of from 17 to 29 cal/g, said foamed mold article having a
density of from 0.02 to 0.08 g/cm3, a compression stress at 50 % 10
compression as measured at [err] of 0.25 to 0.98 MPa (2.5 to 10 kg/[err]),
and an energy absorption efficiency as measured at [err] of 60 to 90 %, the
ratio [err] of the amount of the energy absorption of said foamed mold
article as measured at [err]to the amount of the enery absorption of said
foamed mold article as measured at [err] being 0.5 to 0.9. 15
Patentanspr~che 1. Nichtvemetzte, geschlumte Teilchen aus einem
Propylenharz, umfassend, als Basisharz, ein statisti- sches Copolymer von
Propylen und 1-Buten, wobei das statistische Copolymer einen
11-Buten-Gehalt von 3 bis 12 Gew.-% und eine Kristallisationswarme von 71,2
bis 121,4 Jig (17 bis 29 cal/g) hat. 2. Ein geschaumter Formk6rper, der
sich aus Teilchen eines statistischen Copolymers aus Propylen und 1-Buten,
wie in Anspruch 1 beansprucht, zusammensetzt, wobei der Formkorper eine
Dichte von 0,015 bis 0,09 g/cm3 hat. 25  3. Ein StoBstangenkemmaterial fOr
die Verwendung von AutomobilstoBstangen, das sich zusammensetzt aus einem
nichtvernetzten, geschaumten Formkorper aus einem statistischen Copolymer
aus Propylen und 1-Buten, wobei das statistische Copolymer einen
1-Buten-Gehalt von 3 bis 12 Gew.-% hat, eine Kristallisationswarme von 17
bis 29 cal/g hat und der geschaumte Formk6rper eine Dichte von 0,02 bis 0,8
g/cm3 hat, eine spezifische Druckbeanspruchung bei 50 % Kompression,
gemessen bei 20-C von 30     0,25 bis 0,98 MPa (2,5 bis 10 kg/cm2) aufweist
und eine Energieabsorptionseffizienz, gemessen bei 200C von 60 bis 90 %
hat, wobei das Verhiltnis (Eso/E20) des Betrages der Energieabsorption des
geschaumten Formkorpers, gemessen bei 800C (Eso), zu dem Betrag der
Energieabsorption des geschliumten Formkorpers, gemessen bei 20 0C (E2o),
0,5 bis 0,9 betragt.  j 35 Revendlcations 1. Particules expansdes non
reticulees d'une rdsine de propylene qui comprend comme resine de base un
copolymere statistique de propylene et de 11-butene, ledit copolymere
statistique ayant une teneur v.2        en 1-butene de 3 a 12% en poids et
une chaleur de cristallisation de 71,2 A 121,4 J/g (17 & 29 cal/g). 40 2.
Un article mould expansd composd de particules d'un copolymbre statistique
de propylbne et de 1- butene selon la revendication 1, ledit article ayant
une densite de 0,015 A 0,09 g/cm3. 3. Un matdriau pour noyau d'amortisseur
a utiliser dans les pare-chocs d'automobiles qui est compose 45     d'un
article mould expanse non reticuld d'un copolymbre statistique de propylbne
et de 1-butene, ledit copolymere statistique ayant une teneur en 1 -butene
de 3 & 12% en poids, une chaleur de cristallisation de 17 a 29 cal/g, ledit
article mould expansd ayant une densitd de 0,02 a 0,08 g/cm3, une
contrainte de compression a 50% mesurde a 20-C, de 0,25 & 0,98 MPa (2,5 &
10 kg/cm2) et un rendement d'absorption de l'energie mesurd & 200C de 60 a
90%, le rapport (E8o/E2o) de la quantitd 50     d'energie absorbee par
ledit article mould expanse mesurde & 800C (Eno) & la quantite d'dnergie
absorbde par ledit article mould expanse mesurde A 20 C (E2o) dtant de 0,5
A 0,9. 55 13    


