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TITLE OF THE INVENTION
BIODEGRADABLE RESIN FOAM AND
METHOD AND APPARATUS FOR PRODUCING SAME
. BACKGROUND OF THE INVENTION

This invention relates to biodegradable resin which has
<.

been recently spotlighted in place of synthetic resin, and more
particularly to a biodegradable resin foam obtained by foaming

the biodegradable resin and a method and an apparatus for -
producing the same.

In general synthetic resin has been applied to a
variety of industrial fields because of exhibiting satisfactory
mass productivity, moldability and durability. In particularly,
a synthetic resin foam is light-weight and exhibits increased
cushioning properties, to thereby be widely used in various forms
such as a protective casing for a fragile article such as a glass
product, a cushioning material for packing, a tableware, a heat
insulation material; a sound insulation material and the like.
However, this causes the amount of disposal of such synthetic
resin products to be extensively increased, leading to various
serious problems.

More particularly, incineration of synthetic resin
causes a large amount of harmful gas to be produced, leading to
atmospheric pollution. Disposal of;synthetic resin other than
the incineration causes environmental pollution because it has
resistance to oxidation and resistance to decomposition by light
and ozone. Also, synthetiq resin is extensively increased in
intermolecular bond, so that the incineration causes generation
of much heat, leading to damage to an incineration furnace and
therefore a decrease in lifetime of the furnace. |

In view of the foregoing, much attentlon has been
recently directed to biodegradable resin and a great effort has
been made to develop biodegradable resin.

As a result, processing of biodegradable resin into a
film material is now in the course of being put into practice.
Also, development of foaming of biodegradable resin would lead to

to thereby permit advantages of

spread of applications thereof,
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particularly to a biodegradable resin foam obtained by foam ng the

bi odegradabl e resin and a nethod and an apparatus for producing the sane.
In general, synthetic resin has been applied to a variety of industrial
fields because of exhibiting satisfactory nmass productivity, noldability
and durability. In particularly, a synthetic resin foamis |ight-weight and
exhi bits increased cushioning properties, to thereby be widely used in
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synthetic resin by charging an extruder with, for example,
styrene resin together with a foaming agent such as an organic
solvent or the like to foam the resin due to a pressure reducing
action occurring when the resin is extruded, and the like.

However, such conventional chemical foaming technigues
for foaming synthetic resin as described above fail to
satisfactorily foam biodegradable resin due to a relationship
between a softening point or melting point of the resin and a
foaming temperature of a foaming agent and the like. Thus, there
are known many problems which are encountered with techniques of
foaming biodegradable resin to a high degree and forming the
foamed resin.

A first problem occurs when a biodegradéble resin foam
is to be produced by means of, for example, an injectionlmolding
machine used for production of a conventional synthetic resin
foam. More particularly, when biodegradable resin fluidized due
to heating and pressurization in a cylinder is extruded through a
nozzle of the cylinder into a forming mold, to thereby be
decreased in pressure, moisture in the resin is vaporized,
leading to expansion. The moisture vaporized is then decreased
in temperature, resulting in suspending in the form of steam in
the mold or being condensed on an inner surface of the mold or an
outer surface of a molded product. Biodegradable resin generally
exhibits increased hygroscopicity, resulting in being readily
softened and swollen when it is contacted wit moisture. 1In
particular, a film of each of foamed cells on an outer portion of
a molded or formed product is excessively decreased in thickness,
so that it is readily softened when it absorbs condensed water.
This results in the foamed cells being readily collapsed. Such
collapse of the cells is also caused due to re-adhesion of

moisture evaporated from the resin to the cells. The collapse
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atmospheric pollution. Disposal of synthetic resin other than the

I nci neration causes environnental pollution because it has resistance to
oxi dation and resi stance to deconposition by |ight and ozone. Al so,
synthetic resin is extensively increased in internolecular bond, so that
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molding fails to exhibit desired cushioning performance.

A second problem is that the conventional chemical
foaming techniques fail to provide a foamed product having a
desired configuration and exhibiting a satisfactory cushioning
function. More particularly, foaming of biodegradable resin is
started upon release from a pressurized state, however, it is
highly hard to reach the depths of a forming mold because of
exhibiting increased viscosity when it is fluidized by heating.
Therefore, foaming of biodegradable resin partially occurs before
the resin extruded from the cylinder reaches the depths of the
forming mold, resulting in a part of the resin which is to be
foamed in the depths of the mold carrying out foaming in the
middle of the mold, so that any cavity and/or void are formed in
the foamed resin. Such a problem tends to occur in a forming
mold of a complicated configuration, Thus, the so-formed
biodegradable resin foam is pressedly forced by biodegradable
resin subsequently extruded, so that the portion of the resin
which carried out foaming on the way to the depths of the mold is
crushed by the subsequently extruded resin. Thus, the prior art
fails to form the foamed resin into a desired configuration.
Also, the foamed resin fails to exhibit a satisfactory cushioning
performance.

A third problem occurs due to releasing of biodegradable
resin fluidized by heating and pressurizing from a heated and
pressurized environment. Releasing of the resin fluidized causes
moisture contained in the resin to be vaporized and expanded,
resulting in foaming of the resin, to thereby provide cells,
during which the cells are decreased in temperature to a level of
about 100°C due to vaporization of the moisture. This causes the
cells to be somewhat shrunk and then solidified while being kept

shrunk. Also, the cells are somewhat shrunk by water vapor
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-2- biodegradable resin to be nore wdely exhibited. Techniques of foam ng
synthetic resin which have been carried out in the art include a nethod of
produci ng foamed beads including the steps of charging styrene beads in a
form ng nold and addi ng water vapor thereto, followed by a decrease in
pressure, a nmethod of foam ng —b~ .

surrounding the cells. Such cells are integrated together to
form a foam. Thus, cavities and/or voids occur in the foam
solidified, so that boundaries between the cells are
discon;inuous, to thereby cause the foam to be unsuitable for use
for a Eushionipg material.

A fourth problem encountered with the conventional
chemical foaming techniques is caused during formation of an
pressure reduced atmosphere. More particularly, when a heated
and pressurized atmosphere in which biodegradable resin is placed
is to be changed into a pressure reduced atmosphere, an
evacuation or vacuum pump is generally used. Unfortunately,
formation of such a pressure reduced atmosphere requires a
considerable period of time, so that a pressure reducing action
due to the change is rendered slow or inactive. Also, this
causes moisture to re-adhere to cells while it is not fully
exhausted, leading to softening of the cells, followed by
collapse of the cells, resulting in the resultant resin foam
being deteriorated in properties or quality. In order to prevent
such re-adhesion of moisture to the cells, it would be considered
that formation of the pressure reduced atmosphere is carried out
using a large-sized vacuum pump or the like, resulting in time
required for evacuation being reduced. However, this causes a
significant increase in manufacturing cost of the foam.

Further, injection of biodegradable resin from a nozzle
of a cylinder of an injection molding machine into a forming mold
arranged in a closed atmosphere causes injection resistance to be
increased. 1In order to avoid the problem, it is required to
arrange a large-sized injection molding machine. Unfortunately,
this leads to an increase in cost of equipment and therefore
manufacturing cost. In particular, in order to form a foam with
high configuration accuracy, it is required to permit
biodegradable resin to be spread throughout the forming mold.
This is advantageously accomplished by keeping an atmosphere in
the forming mold pressurized during injection molding. However,
this causes injection resistance to be further increased,

resulting in the above-described disadvantage being rendered
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synthetic resin by charging an extruder with, for exanple, styrene resin
together with a foam ng agent such as an organic solvent or the like to
foamthe resin due to a pressure reducing action occurring when the resin

i s extruded, and the |ike. However, such conventional chem ca
foam ng techniques for foam ng synthetics+esin as described above fail to
sati sfactorily. foam bi odegradable resin due to a relationship between a
softeMnﬁfﬁﬁﬁeﬁegT nmelting point of the resin and a foam ng tenperature of
a foam ng agent and the |ikeSUEMARY DReTHEal8§VENGEANmany probl ens which are
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resin foam Mre particularly, when bio egradabl e resin fluidized due
provide a method for producing a biodegradable resin foam which

is capable of accomplishing foaming of biodegradable resin while
minimizing or substantially preventing shrinkage of formed
biodegradable resin due to re-adhesion of moisture thereto, to
thereby provide a uniform biodegradable resin foam.

It is another object of the present invention to provide.
a method for producing a biodegradable resin foam which is
capable of uniformly foaming biodegradable resin.

It is a further object of the present invention to
provide a method for producing a biodegradable resin foam which
is capable of minimizing or substantially preventing collapse of
cells of foamed bicdegradable resin to provide a biodegradable
resin foam of a desired configuration and uniform quality.

It is still another object of the present invention to
provide a method for producing a biodegradable resin foam which
is capable of providing a water-repellent biodegradable resin
foam.

It is yet another object of the present invention to
provide a method for producing a biodegradable resin foam which
is capable of providing a biodegradable resin foam free of any
discontinuous boundary between cells even when any cavity and/or
void occurs in biodegradable resin foamed.

It is even another object of the present invention to
provide a biodegradable resin foam which is substantially free of
any discontinuous boundary between cells even when any cavity
and/or void occurs in biodegradable resin foamed.

It is a still further object of the present invention to
provide an apparatus for producing a biodegradable resin foam
which is capable of preventing an increase in cost of equipment
and accomplishing rapid pressure reduction and evacuation of an

atmosphere in a forming mold at an appropriate timing, to thereby
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to heating and pressurization in a cylinder is extruded through a nozzle of
the -cylinder intc a formng nold, to thereby be decreased in pressure,

noi sture in the resin is vaporized, |eading to expansion. The npisture
vaporized is then decreased in tenperature, resulting in suspending in the
formof steamin the nold or being condeised on an inner surface-of the
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thereby increase configuration accuracy of a biodegradable resin
foam.

' In accordance with one aspect of the present invention,

a biodegradable resin foam is provided which is made of
biodegradable resin by expansion force due to vaporization of
moisture caused by rapidly releasing fluidized biodegradable
resin which is in a heated and pressurized environment and in
which the moisture is trapped. The biodegradable resin may
comprise a combination of a first biodegradable resin ingredient
having a melting point of 100°C or more or a main biodegradable
resin ingredient and a second biodegradable resin ingredient
having a melting point of 100°C or less or a low-melting
biodegradable resin ingredient.

In a preferred embodiment of the present invention, the
second biodegradable resin ingredient may be selected from the
group consisting of polycaprolactone and a material containing
polycaprolactone.

In a preferred embodiment of the present invention, the bio-
degradable resin may have a substance selected from the group consisting of
polyhydric alcohols and derivatives thereof added thereto.

Thus, in the foam of the present invention, the second
biodegradable resin ingredient is kept from being immediately
solidified, to thereby function as an adhesive with respect to
the first biodegradable resin ingredient. Therefore, even when
any cavity and/or void are unfortunately formed in the foamed
biodegradable resin, cells of the foamed resin are permitted to
adhere to each other through the second resin ingredient,
resulting in the foam being provided with satisfactory quality.

When the second biodegradable resin ingredient is

selected from the group consisting of polycaprolactone and a
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-3- causes portions of the fornmed product at which the cells are collapsed

to be shrunk, leading to deformation of the formed product. Wen the forned

product thus deforned is solidified, it is caused to be in a solid form

substantially free of any foaned cell. Thus, the fornmed product thus

obt ai ned by injection -7- ]
material containing polycaprolactone, the function of the second
biodegradable resin ingredient as an adhesive is substantially
enhanced. Also, when the biodegradable resin has polyhydric
alcohoys and derivatives thereof added thereto, moisture in the
resin Es iﬁcregsed in boiling point, resulting in functioning
also as a plasﬁicizer, so that cells of the foamed biodegradable
resin are rendered dense and uniform.

In accordance with another aspect of the present
invention, a method for producing a biodegradable resin foam is
provided. The method comprises the steps of charging a
biodegradable resin starting material containing biodegradable
resin in a cylinder formed at a front portion thereof with a
narrowed opening, raising a temperature of the biodegradable
resin to render the biodegradable resin fluidized while forcibly
transferring the biodegradable resin starting material toward the
narrowed opening in the cylinder, extruding the fluidized
biodegradable resin from the cylinder into an air-permeable
forming mold arranged in front of the cylinder to rapidly release
the biodegradable resin from a heated and pressurized environment
in the cylinder to foam the biodegradable resin, and forming the
foamed biodegradable resin into a shape depending on a
configuration of the forming mold. Thus, moisture contained in
the resin is increased in boiling point under pressure, resulting
in being in the form of liquid in the cylinder, so that releasing
of the resin from the heated and pressurized environment in the
cylinder causes the moisture to be instantaneously vaporized,
leading to foaming of thé resin. The resultant water vapor is
outwardly discharged through the air-permeable forming mold, to
thereby be prevented from re-adhering to the formed foam.

In a preferred embodiment of the present invention, an
atmosphere in which the forming mold is placed is kept decreased
in pressure or ventilated since a stage before starting of
extrusion of the fluidized biodegradable resin into the forming
mold or since starting of the extrusion. Such construction
prevents moisture from remaining in the form of steam in the

forming mold or being condensed on a surface of the resin foam
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nolding fails to exhibit desired cushioning performance. A second
problemis that the conventional chem cal foam ng techniques fail to
provi de a foamed product having a desired configuration and exhibiting a
satisfactory cushioning function. Mre particularly, foam ng of

bi odegradable resin is started upon rel ea8e froma pressurized state,
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the narrowed opening in the depths of the forming mold at the
time of starting of the nozzle and retracting the nozzle relative
to the forming mold during extrusion of the biodegradable resin.
This permits the biodegradable resin to be charged in the forming
mold in order from the side of the depths of the mold, resulting
.in a difference between a timing at which the resin is spread
throughout the forming mold and a timing of foaming of the resin
being minimized or substantially eliminated, to thereby
substantially prevent cells of the foamed biodegradable resin
from being collapsed.

In a preferred embodiment of the present invention, the
step of extruding the fluidized biodegradable resin into the
forming mold is carried out while keeping an atmosphere in the
.forming mold pressurized during the extrusion and rapidly
reducing a pressure of the atmosphere in the forming mold after
completion of the extrusion. This permits the biodegradable
resin to be foamed while being spread throughout the forming
mold, so that the resin foam obtained is formed into a desired
configuration. '

In a preferred embodiment of the present invention, the
step of extruding the fluidized biodegradable resin into the
forming mold is carried out by injecting the biodegradable resin
into the forming mold while keeping the resin atomized. This
permits not only the resin to be spread throughout the forming
mold but the atomized resin to be effectively foamed, followed by
integration of cells of the foamed resin without being collapsed,
to thereby provide the resin foam with increased uniformity.

In a preferred embodiment of the present invention, the
biodegradable resin starting material may comprise moisture and

the biodegradable resin. Alternatively, it may comprise the
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desired foaming of the resin and permits it to be finely and
uniformly foamed.

Also, the water repellent material may comprise a
material which is not fully evaporated when the resin fluidized
is released from the heated and pressurized environment. The
material may include a natural fatty acid polymer. Use of the
polymer as the water repellent material permits it to cover cells
of the foamed resin to provide it with water repellent
properties, to thereby prevent the cells from being collapsed due
to contact with water.

In a preferred embodiment of the present invention, the
step of forming the foamed biodegradable resin into a shape
depending on a configuration of the forming mold may be carried
out by forming the whole biodegradable resin into an integrated
configuration. This permits the resin foam to be formed into a
relative large volume or any desired configuration.

In a preferred embodiment of the present invention, the
biocdegradable resin comprises a first biodegradable resin
ingredient having a melting point of 100°C or more and a second
biodegradable resin ingredient having a melting point of 100°C or

less.
In a preferred embodiment of the present invention, the second bio-

degradable resin ingredient is selected from the group consisting of polycapro-
lactone and a material containing it.
In a preferred embodiment of the present invention, the

biodegradable resin has a substance selected from the group consisting of poly-
hydric alcohols and derivatives thereof added thereto.

In accordance with a further aspect of the present
invention, an apparatus for producing a biodegradable resin foam
is provided. The apparatus comprises a pressure adjusting
chamber constructed in a manner to be capable of being opened and closed
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-4- surrounding the cells. Such cells are integrated together to forma
foam Thus, cavities and/or voids occur in the foamsolidified, so that
boundari es between the cells are discontinuous, to thereby cause the foam
to be unsuitable for use for a cushioning material .

-10- -

hermetically, an air-permeable forming mold arranged in the pressure adjusting
chamber, a pressure reducing tank connected to the pressure
adjusting chamber to rapidly reduce a pressure in the pressure
adjust;ng chamber, and an injection machine for injecting, into
the fo%min@ mokd, fluidized biodegradable resin placed in a
heated and pre;surized environment and having moisture trapped
therein. Thus, the apparatus permits the pressure reducing tank
to communicate with the pressure adjusting chamber after
injection of the resin into the forming mold, so that water vapor
produced in the forming mold may be effectively outwardly
discharged, to thereby eliminate retention of moisture in the
forming mold. Thus, the biodegradable resin foam product
obtained is provided with a desired configuration and uniform
quality.

In a preferred embodiment of the present invention, the
pressure adjusting chamber has an evacuation valve connected
thereto. Thus, when the pressure adjusting chamber is rendered
open to an ambient atmosphere in the course of injection of the
rein into the forming mold, resistance to the injection is
reduced because the fofming mold is air-permeable, so that the
injection may be facilitated. Therefore, the injection machine
is prevented from being large-sized.

In a preferred embodiment of the present invention, the
pressure adjusting chamber has a compressor connected thereto.
This permits injection of the resin into the forming mold to be
carried out while keeping moisture positively trapped in the
resin because actuation of the compressor pressurizes the
pressure adjusting chamber. Then, operation of the evacuation
valve results in the pressure adjusting chamber being released
from pressurization, leading to a decrease in injection
resistance, so that the resin may be spread throughout the
forming mold.

In a preferred embodiment of the present invention, the
pressure adjusting chamber has a pressurizing tank connected
thereto. This permits the pressure adjusting chamber to be

rapidly pressurized at an appropriate timing when the resin is to

This Sheet Has Been R

M



A fourth problemencountered with the conventional chem cal foam ng
techniques is caused during formati on of an pressure reduced atnosphere.
More particularly, when a heated and pressurized atnosphere in which

bi odegradable resin is placed is to be changed into a pressure reduced

at nosphere, an evacuation or vacuum punp-iBb-generally used. Unfortunately,
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chamber, a pressure reducing tank connected through a pressure
reducing valve to the pressure adjusting chamber to rapidly
reduce a pressure in the pressure adjusting chamber, an
evacuation valve connected to the pressure adjusting chamber, a
compressor connected to the pressure adjusting chamber, a valve
controller for controlling operation of each of the valves, and
an injection machine for injecting, into the forming mold,
fluidized biodegradable resin placed in a heated and pressurized
environment and having moisture trapped therein. The valve
controller functions to initiate actuation of the compressor
before or at the time when injection of the biodegradable resin
into the forming mold by the injection machine is started, carry
6ut termination of actuation of the compressor and opening of the
evacuation valve in the course of the injection, and carry out
closing of the evacuation valve and opening of the pressure
reducing valve after the injection. Thus, the pressure adjusting
chamber may be controlled to pressurization, evacuation or
pressure reduction in association with a timing of injection of
the resin into the forming mold.

Further, in accordance with this aspect of the present
invention, an apparatus for producing a biodegradable resin foam
is provided. The apparatus comprises a pressure adjusting chamber constructed
in a manner to be capable of being opened and closed hermetically, an air-
permeable forming mold arranged in the pressure adjusting
chamber, a pressure reducing tank connected through a pressure
reducing valve to the pressure adjusting chamber to rapidly
reduce a pressure in the pressure adjusting chamber, an
evacuation valve connected to the pressure adjusting chamber, a
pressurizing tank connected through a pressurizing valve to the

pressure adjusting chamber, a valve controller for controlling
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required for evacuation being reduced. However, this causes a significant

I ncrease in manufacturing cost of the foam Further, injection of
bi odegradabl e resin froma nozzle of a cylinder of an injection nolding
machine into a formng nold arranged in a cl osed at nbsphere causes

i njection resistance to be increased. lAlprder to avoid the problem it is
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machine is started, carry out closing of the pressurizing valve
and opening of the evacuation valve in the course of the
injection, and carry out closing of the evacuation valve and
opening of the pressure reducing valve after the injection.
Thus, the pressure adjusting chamber is controlled to
pressurization, evacuation or pressure reduction in association
with a timing of the injection.

In addition, in accordance with this aspect of the
present invention, an apparatus for producing a biodegradable
resin foam is provided. The apparatus comprises a pressure adjusting
chamber constructed in a manner to be capable of being opened and closed
hermetically, an air-permeable forming mold arranged in the pressure adjusting
chamber, a pressure reducing tank connected through a pressure
reducing valve to the pressure adjusting chamBer to rapidly
reduce a pressure in the pressure adjusting chamber, an
evacuation valve connected to the pressure adjusting chamber, a
valve controller for controlling operation of each of the wvalves,
and an injection machine for injecting, into the forming mold,
fluidized biodegradable resin placed in a heated and pressurized
environment and having moisture trapped therein. The wvalve
controller functions to open the evacuation valve in the course
of injection of the biodegradable resin into the forming mold by
the injection machine and carry out closing of the evacuation
valve and opening of the pressure reducing valve after the
injection. Thus, the pressure adjusting chamber is controlled to
evacuation or pressure reduction in association with a timing of
the injection.

Furthermore, in accordance with this aspect of the
present invention, an apparatus for producing a biodegradable

resin foam is provided. The apparatus comprises a pressure
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anplified. SUMVARY OF THE | NVENTI ON The
present invention has been nmade in view of the foregoing di sadvantages of
the prior art.
~13- .
adjusting chamber constructed in a manner to be capable of being opened and
closed hermetically, an air-permeable forming mold arranged in the pressure
adjusting chamber, a pressure reducing tank connected through a pressure

reduciqg valve to the pressure adjusting chamber to rapidly
reduce’a pfessgre in the pressure adjusting chamber, a
pressurizing tank connected through a pressurizing valve to the
pressure adjusting chamber, a valve controller for controlling
operation of each of said valves, and an injection machine for
injecting, into the forming mold, fluidized biodegradable resin
placed in a heated and pressurized environment and having
moisture trapped therein. The valve contreller functions to open
the pressurizing valve before or at the time when injection of
the biodegradable resin into the forming mold by the injection
machine 1s started and carry out closing of the pressurizing
valve and opening of the evacuation valve after the injection.
This permits the pressure adjusting chamber to be controlled to
pressurization or pressure reduction in association with a timing
of the injection.

In a preferred embodiment of the present invention, the
injection machine includes a cylinder having a narrowed opening
formed at a front portion thereof, a forcible transfer mechanism
for forcibly transferring a biodegradable resin starting material
containing biodegradable resin and charged in the cylinder and
raising a temperature of the biodegradable resin, to thereby
fluidize it and extruding the fluidized biodegradable resin
through the narrowed opening into a forming mold, and an access
mechanism for reciprocating the narrowed opening and forming mold
relative to each other and retracting the narrowed opening
relative to the forming mold during injection of the fluidized
biodegradable resin through the narrowed opening into the forming
mold.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and many of the attendant

advantages of the present invention will be readily appreciated
as the same becomes better understood by reference to the

following detailed description when considered in connection with
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Accordingly, it is an object of the present invention to provide a nethod
for producing a bi odegradable resin foamwhich is capable of acconplishing
foam ng of biodegradable resin while mnimzing or substantially preventing
shrinkage of formed bi odegradable resin due to re-adhesion of noisture
thereto, to thereby provide a uniformblédegradable resin foam - It
I s anot her. qbj f .the J ti-on to provide a nmethod for

or oduci ﬁgeaagicgglg:a%g&g% i HEs ;! et i

gr e resi It foamwhich is capable of uniformy foam ng

bi odegr adabl e redilg. 1 is a veirtiicala sfewtiiteaalolsjidet edfevalté opr demt
i nventi g k@ aﬁlrlgv's?l%vﬁr@e_tabp‘ixfa(ﬁ{plw QAGING B 22489542 BS o eI fsQRaPg 1

which i s capabl é o

mnim zi ng

or substantially preventing collapse o

cel |'s oPTRSAREATISI e GRRPAGME ite Sifn &t Feshodi doTa PBCGYE4PEdaDI e resin foam
of a desgiibadg&arfitale ddsah FRAmRICTMiGUaltict he present hhvientSlonl;l

anot her obj ect o%,the‘grgsent I nyenti
bi odegradabl & re M

%5 &

whioc i €€

n to prov
are a sc

de a . net hod  for

eac ematic sectional” view

showing each of steps of the method of Fig. 1;

Fig. 3 is a

perspective view showing an embodiment of a

biodegradable resin foam according to the present invention;

Fig. 4 is a
showing an essential
suitable for use for

Fig. 5 is a
showing an essential
suitable for use for

Fig. 6 is a

generally showing an

vertical sectional side elevation view
part of another example of the apparatus
practicing the method of Fig. 1;

vertical sectional side elevation view
part of a further example of the apparatus
practicing the method of Fig. 1;

vertical sectional side elevation view

example of an apparatus suitable for use for

practicing another embodiment of a method for producing a

biodegradable resin foam according to the present invention;

Figs.

7(a) to 7{c) each are a schematic sectional view

showing each of steps of the method of Fig. 6;

Fig. 8 is a
showing an essential
suitable for use for

Fig. 9 is a
generally showing an

practicing a further

vertical sectional side elevation view

part of another example of the apparatus
practicing the method shown in Fig. 6;
vertical sectional side elevation view
example of an apparatus suitable for use for

embodiment of a method for producing a

biodegradable resin foam according to the present invention;

Figs. 10(a)

to 10(c) each are a schematic sectional view

showing each of steps of the method of Fig. 9;

Fig.
showing an essential
suitable for use for

Fig.

generally showing an

11 is a vertical sectional side elevation view

part of a further example of the apparatus

practicing the method shown in Fig. 9;

12 is a vertical sectional side elevation view

example of an apparatus suitable for use for

practicing still another embodiment of a method for producing a
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I's capabl e of providing a water-repellent biodegradable resin foam

It i's yet another object of the present invention to provide a nethod for
produci ng a bi odegradabl e resin foam which is capable of providing a

bi odegradabl e resin foam free of any di scontinuous boundary between cells
even when any cavity and/or void occurslsa bi odegradabl e resin foaned.

It is eyen anot %%1%bk%%ﬁ o%oggga%%e§%qkliqye Hlon to vaideﬁ%. .

bi odegr &§8Ie§ AESIT % Gam whit R £ ISt Ak i Al Iq:y § PEE S5 arNW(ﬁ St nuous
boundary bet weenFdglsl.s 1éen wieend 34y eagiht \arend/ crchepiad iecsercs iiomal view
b|0d69r§i%ghﬁgr%§h% %Qa%%ggs of the mééﬁ6&36%5¥fél ﬂﬂ!ther obj ect of the

present i nvention to provi de an apparatus for producing a bi odegradabl e
resi n f oam whi-ch Fiig -cdffablSe 2o0PegE@eERtivieg VAie W $dvoddd® jan mogst i tdpui mfent
and accqpli;3NieNaTiraRigddP e UL sHRUUCTiOn aNd MAUH ngf; an at nosphere
in a formng nold at a&an appropriate timng, to thereby .
- Fig. 15 1is a %erspectlve view showing a cylinder
provided at a distal end thereof with a shower;

Fig. 16 is a vertical sectional side elevation view
showing an essential part of another example of the apparatus
suitable for use for practicing the methed of Fig. 12;

Fig. 17 is a vertical sectional side elevation view
generally showing an example of an apparatus suitable for use for
practicing yet another embodiment of a method for producing a
biodegradable resin foam according to the present invention:

Figs. 18(a) and 18(b) each are a schematic sectional
view showing each of steps of the method of Fig. 17;

Fig. 19 is a perspective view showing ancother embodiment
of a biodeéradable resin foam according to the present invéntion;

Fig. 20 is a vertical sectional side elevation view
showing an essential part of another example of the apparatus
suitable for use for practicing the method of Fig. 19;

Fig. 21 1is a vertical sectional side elevation view
generally showing an embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 22 is a side elevation view showing an essential
part of another embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 23 is a timing chart showing a timing of each of
injection, evacuation and pressure reduction in operation of the
apparatus of Fig. 22;

Fig. 24 is a side elevation view showing an essential
part of a further embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 25 is a side elevation view showing an essential
part of still another embodiment of an apparatus for producing a

biodegradable resin foam according to the present invention;
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-6- provide a biodegradable resin foam of inproved quality. It is
a yet further object of the present invention to provide an apparatus for
produci ng a bi odegradabl e resin foam which is capable of preventing an

i ncrease in cost of equipnent
~-16- -

Fig. 26 is a timing chart showing a timing of each of
injection, evacuation and pressure reduction in operation of the
apparatus of Fig. 25;

‘ Fig. 27 is a side elevation view showing an essential
part o% yet anPther embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 28 is a side elevation view showing an essential
part of even another embodiment of an apparatus for producing a.
biodegradable resin foam according to the present invention;

Fig. 29 is a side elevation view showing an essential
part of a still further embodiment of an apparatus for producing
a biodegradable resin foam according to the present invention;

Fig. 30 is a side elevation view showing an essential
part of a yet further embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 31 is a vertical sectional side elevation view
showing an essential part of a yet further embodiment of an
apparatus for producing a biodegradable resin foam according to
the present invention;

Fig., 32 is a vertical sectional side elevation view
showing an essential part of an even further embodiment of an
apparatus for producing a biodegradable resin foam according to
the present invention;

Fig. 33 is a vertical sectional side elevation view
showing an essential part of an additional embodiment of an
apparatus for producing a biodegradable resin foam according to
the present invention; and

Figs. 34 to 36 each are a vertical sectional side
elevation view showing another embodiment of an apparatus for
producing a biodegradable resin foam according to the present
invention which is constructed so as to permit a pressure in an
atmosphere in a space of a forming mold to be reduced and permits
such pressure reduction to be accomplished in a large scale.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the present invention will be described hereinafter

with reference to the accompanying drawings.
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and facilitating injection of biodegradable resin into a formng nold while
keeping injection resistance at a mninmnum | evel, to thereby increase
configuration accuracy of a bi odegradabl e resin foam In
accordance with one aspect of the present invention, a biodegradable resin
foamis provided which is nade of biodegradabl e resin by expansion iorce

due to vaporlzatlonTgf gniiture cgused b rapog ¥hrelea3|nﬁvflu

bi odegradabl e resin ch-ire¥rHta“hd féa pressuerea 8 %?%ﬁﬁeﬁ?naﬁal}n

whi ch the h@lmameefLSStrapp@dblaﬁegbaddbgeaQabia fesnnacmyréomprfsethe
Conb'nat'035§£ea fih9enbi8HCGRAIBRLE phSLImLEARETEED! phAYL GG FoI LI NG

poi nt of 1 err nore or a main gradabl e resin ingrédient and a
second b|obég@%ﬂ&bﬁébiésFﬁsthféﬂmeh?ghébﬁﬁgwatheﬁﬂ|ﬁgP@b¢ﬁ¥Soth§D®f@FF]C

or |ess orrRehOVaAehEbAGabLOdeSr agRblGiREI B bDONEFLEAble resin fbAmA

preferred EQEQS}QE”EnOL kggh gsggn%oéngggﬁéggngtg pressure in a forming
mold and a method for producing a biodegradable resin foam
practiced using the apparatus will be described. Further, an
apparatus and a method for producing a biodegradable resin foam
each of which is constructed so as to permit a volume in a
forming space to be varied as desired will be described.

The present invention is directed to a biocdegradable
resin foam, which is generally designated at reference character
B in Figs. 2 and 3. The biodegradable resin foam B is produced
by foaming biodegradable resin by means of expansioh force due to
vaporization of moisture. The biodegradable resin consists of a
first biodegradable resin ingredient of 100°C or more in melting
point (hereinafter also referred to as "main biodegradable resin
ingredient”) and a second biodegradable resin ingredient of 100°C
or less in melting point (hereinafter alsé referred to as "low-
melting biodegradable resin ingredient").

The term "biodegradable resin” used herein indicates a
resin material which is decreased in physical properties due to a
bioclogical action and such biodegradable resin includes resin of
the type that it per se is fully decomposed and resin of the type
that it is blended with resin hard to be decomposed, resulting in
it being provided with degradative properties. The resin of the
former type includes products by microbes, products of natural
high-molecular substances, products of petroleum materials and
the like and that of the latter type includes blends with starch,
blends with aliphatic polyesters and the like. Biodegradation of
the biodegradable resin includes biodegradation by an enzyme such
as lipase, amylase, cellulase, protease or the like, that by
microbes in active sludge or the like, that by soil in a natural
environment such as forest or cultivated land, and the like.

More particularly, the biodegradable resin includes
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second bi odegradabl e resin ingredient nay be selected fromthe group
consi'sting of polycaprolactors and a material containing polycaprolactone.
In a preferred embodi ment of the present invention, the bio- degradable
resin may have a substance selected fromthe group consisting of polyhydric
al cohol s and derivatives thereof added 4lgereto. Thus, in the foam

f th h C le.resin in ent is kept
rom bel hoty agPXF bueYzk (8280000 RLESORETORY EnteBul . RAITRAER: vo it h
r espect F%11ﬁé°FFréblﬁpééégFa&ébré,réslﬁﬁtﬁgredmpnundThéreébleloeaen when

any CaVl&MyﬁBQéOBrVQbGdaﬁeaMnfQrbHD9E§L¥riR?ﬂ§Q &QpBE mEPa”EdeﬁogﬁgﬁédQP'e
resin, cells of nmed resin are permt ere {o eac

t hr ough fh%rggcﬁﬂﬁ P8£Vﬁtpﬁb?éﬁreﬁ§ W?ééuPF|H@1Yﬁ1th 2baphoki npo by evheed
wi th Satpsiﬁﬂf@tyaﬁua|Pbylyamlde and WRE 1DReSeconehbhodest adabl e resin

'ngred'en&bééantlally have a low-melting point and are readily decomposed
in the presence of water.

The first biodegradable resin ingredient of 100°C or
more or main biodegradable resin ingredient which is commercially
available includes resin sold under "Mater-Bi" (registered
trademark) from Nippon, Gosei Kagaku Kabushiki Kaisha, Japan.

The resin was developed by Nevamont belonging to a Montedison
group, Italy and is said to be a thermoplastic biodegradable
polymer comprising derivatives from a plurality of agricultural
products such as starch and the like and denatured polyvinyl
alcohol wherein the derivatives and alcohol get into each other
at a molecular level, to thereby bonded to each other by hydrogen
bonding. Also, it is said that the biodegradable resin is"
swollen due to absorption of moisture, resulting in
biodegradation thereof being promoted, to thereby exhibit
substantially the same biodegradability as paper in an
environment in which microbes exist. 1In addition to "Mater-Bi"
described above, for example, acetate which is an ester compound
of cellulose may be of course used as the first biodegradable
resin ingredient having a melting point of 100°C or more. 1In
this instance, the biodegradable resin may comprise only the
first biodegradable resin ingredient of 100°C or less in melting
point or main biodegradable resin ingredient, to thereby
eliminate addition of the second biodegradable ingredient of
100°C or less in melting point or low-melting biodegradable resin
ingredient described hereinafter thereto.

The low-melting biodegradable resin ingredient, even
when any cavity or void occurs in the biodegradable resin during
formation of the biodegradable resin into a foam, functions to
permit walls of cells of the foam to adhere to each other as much

as possible. 1In the present invention, for example,
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sel ected fromthe group consi sting of polycaprol actone and a

eri al

b| odegr adgqiﬁ

di ent as an adhesive is substantially

l’ﬁ% prol actone, the function of the second

polycaprolactone or a material containing polycaprolactane may be
preferably used for the low-melting biodegradable resin
ingredient. Such a low-melting biodegradable resin ingredient
which ‘may be commercially available includes resin sold under a
traden;me'"Tong" from Nippon Unicar Kabushiki Kaisha, Japan. The
commercially available resin "Tone" comprises polycprolactone
which is aliphatic polyester chemically synthesized and is of the
full decomposition type.

Also, in the present invention, the biodegradable resin
may have polyhydric alcohols and/or derivatives thereof added
thereto as desired. In particular, glycols are preferably added
to the resin. Addition of polyhydric alcohols or the derivatiwves
permits moisture in the biodegradable resin to be increased in
boiling point, so that the moisture functions also as a
plasticizer. Also, the polyhydric alcohols and the derivatives
per se each also act as a plasticizer, so that the cells of the
foamed biodegradable resin may be rendered compact and uniform.
The polyhydric alcohols and derivatives include glycerin,
polyethylene glycol and the like, and derivatives thereof.

A means for permitting moisture to be contained or
present in the biodegradable resin is not limited to any specific
means. For example, a suitable amount of moisture may be
previously contained in the resin when pellets of the
biodegradable resin for foaming are formed. Alternatively, a
pretreatment step is provided for permitting a suitable amount of
moisture to be positively contained in particles of the resin.
Alternatively, moisture may be charged in a hopper together with
biodegradable resin directly or through a kneader. Thus, it will
be noted that feeding of the biodegradable resin and moisture is
not limited to any specific manner. Also, addition of a fine
particle-like hygroscopic material having moisture previously
absorbed therein such as, for example, talc or silica to the
biodegradable resin as in the pellets for foaming permits a foam
having cells formed finely and uniformly to be provided, because
moisture in the fine particles exhibits good compatibility and

dispersion with respect to the biodegradable resin as compared



enhanced. Al so, when the bi odegradabl e resin has pol yhydric al cohols and
derivatives thereof amiiSiect ARMRENRepERIStUre in the resin is increased in

boiling point, resulti ing also as a plasticizer, so that
cells of the foanmed bi BH
In accordance with ano

sin are rendered dense and uniform
t B -present invention, a nmethod for
prOd“C'”Qtﬁ QBQQQQEQdBQEQCEﬁg'gpﬁgﬁnkhérQEBVQQQdmoI?%u thed sampyi es the
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narrowegd,.gpepiRdeihal shpgiaikenperature of the biodegradable resin to
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vaporization of moisture contained therein. At this time, the

resultant foamed resin is reduced in temperature to a level of .
about 100°C by vaporization of the moisture. This causes the
main biodegradable resin ingredient or first biodegradable resin
ingredient to be solidified because a melting point thereof is
100°C or more, whereas the low-melting biodegradable resin
ingredient or second biodegradable resin ingredient is kept from
being solidified because its melting point is 100°c or less; so
that the latter ingredient acts as an adhesive with respect to
the former ingredient. Thus, even when any cavity and/or void
occur in the foamed resin during the formation, walls between
cells of the foamed resin are substantially adhered to each
other, so that the biodegradable resin foam B may be provided
with satisfacﬁory quality.

When the biodegradable resin starting material for the
biodegradable resin foam B of the present invention comprises
moisture, the biodegradable resin and a water repellent material,
the water repellent material and moisture may be previously
contained in or added to the biodegradable resin, followed by
charging the starting material into an injection molding machine,
because the biocdegradable resin is placed under a heating and
pressurizing condition in the presence of the water repellent
material and substantial moisture. The water repellent material
may include silicone compounds, fluorine compounds, waxes,
polymers of a higher fatty acid and the like. In the illustrated
embodiment, a commercially available material which is
manufactured by Kabushiki Kaisha Sigma Gijutu Kenkyujo and sold
from Tonen Kabushiki Kaisha under a tradename "Sigma coat" and
mainly consists of polymers of a higher aliphatic acid and waxes

may be used as the water repellent material. Addition of the



t he bi odegradabl e resin froma heated and pressurized environnent in the
cylinder to foamthe bi odegradable resin, and fahﬁsmgﬁkbﬁmﬁﬁ %
t he

bi odegradabl e resin into a shape dependlng on a
form ng nold. Thus, noisture contained in the re ,H’I %d in boiling
poi nt under pressure, resulting in being+42l+he f I n the
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addition of the water repellent material to the biodegradable
material and that of moisture thereto may be carried out
separately from each other. For this purpose, the water
repellent material may be added to the biodegradable resin
containing moisture. The biodegradable resin foam B of the
present invention thus formed is not limited to an application to
a cushioning material. It may be directed to various
applications such as a heat insulating material, a sound
insulating material and the like as in a conventional foamed
styrol material.

Now, a method for producing a biodegradable resin foam
according to the present invention will be described hereinafter
together with an apparatus suitable for use for practicing the
method. First, the apparatus will be described with reference to
Fig. 1.

The apparatus includes a cylinder 1 formed into a shape
like a cylindrical container, which is provided on an upper
portion of a rear end section thereof with a hopper 11 for
charging a biodegradable resin starting material for a resin foam
therethrough into the cylinder 1. The cylinder 1 is formed at a
distal end thereof with a narrowed opening la and provided on
around a periphery thereof with a heater 13.

The cylinder 1 is provided therein with a screw 2 in a
manner to extend in a longitudinal direction thereof and be in
proximity to an inner surface thereof. The screw 2 is so
arranged that a rear end thereof is outwardly projected through
an opening formed at a rear end of the cylinder 1 and connected
to a front portion of a hydraulic motor 21 for rotating the screw
2. The hydraulic motor 21 is mounted on a rear portion thereof

with a piston 23, which is slidably received in an injection



prevents noisture fromremaining in the formof steamin the formng nold
or being condensed on a surface of the resin foam This Sheet Has Been Repla

-8- due to a decrease in tenperature after vaporization and
the noisture, resulting in the form being provided wth I "n
-22-

cylinder 22, so that the piston 23, hydraulic motor 21 and screw

2 are hydraulically moved integrally with each other in the
longitudinal direction of the cylinder 1 and the screw 2 is
rotated by the hydraulic motor 21.

g Thus, -an injection machine S which is a so-called in-
line screw typ; injection molding machine is constructed. The
injection apparatus S is provided at a distal end section thereof
with an alr-permeable forming mold A, which includes a fixed mold
part 3 formed with a cavity 31 communicating with the narrowed
opening la of the cylinder 1 and a movable mold part 4 formed
with a core 41. In the illustrated embodiment, the cavity 31 is
formed into a configuration like a substantially triangular
pyramid and the core 41 is formed into a triangular pyramid-like
shape corresponding to the cavity 31 but smaller by a thickness
of a formed product or resin foam B (Fig. 3) than the cavity 31.
The fixed and movable mold parts 3 and 4 thus constructed are
clamped together, to thereby define a space of a trihedral
structure of which three surfaces are perpendicular to each
other, resulting in providing such a formed product or
biodegradable resin foam product shown in Fig. 3.

Reference numeral 40 designates a mold clamp mechanism
arranged in combination with the forming mold A, which mechanism
includes a tie bars 42 and 43, and an actuator mechanism 44 for
accessibly operating the tie bars 42 and 43 and movable mold part
4 so as to access the movable mold part 4 to the fixed mold part
3 while keeping both parts opposite to each other.

The forming mold A is made of a porous material having a
number of pores or holes formed therein while being arranged in a
net-like manner so as to communicate an interior of the mold A
with an exterior thereof. Such a porous material includes a
foamed metal material, a sintered material made by sintering
metal, ceramic or the like to which a filler capable of forming
the material with voids is added, a material made by subjecting a
wire mesh, a punched metal plate or the like to pressing and
laminating, and the like. The forming mold A may be readily

made, for example, by forming a single punched metal plate into a



satisfactory uniformty. In a preferred enbodi ment of the present

i nvention, the step of extruding the fluidized bi odegradable resin into the
nold is carried out while placing a nozzle arranged with respect to the
narrowed opening in the depths of the formng nold at the tinme of starting
of the nozzle and retracting the nozzl e28el ative to the form ng nol d during

extrusi %éﬁeémlbdme@wfifa&@aw&m ﬂlhléhpgr&asé the phogdegsadap! §h£§5' n

to be charged in the formng in order fromthe st de of the depths of
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the fluidized Qodeoradall & J681 0 198 4 d% esin. Thus, the pores of the

porous material should be set to a size which permits a surface
of the resin foam to be provided with smoothness suitable for
applications to which the foam is directed while preventing
resistance to permeation of air through the mold A from being
excessively increased. In view of the above, a punched metal
plate is suitable for use as the porous material for the forming
mold A because it permits a diameter of the pores, the number
thereof and a pitch thereof and the like to be readily set and is
simplified in structure.

The forming mold A and mold clamp mechanism 40 are
arranged in a chamber 5 of an airtight structure acting as a
pressure adjusting chamber. The chamber 5 includes a wall joined
to a rear surface of the fixed mold part 3 of the mold A and is
provided with a door (not shown) through which the resin foam
made of biodegradable resin is removed. The chamber 5 has a
pressure reducing pipe Ll connected thereto, which is provided
with a pressure reducing valve V1 and connected to a pressure
reducing pump P1 through the valve 1 Also, the chamber 5 has an
atmospheric pressure releasing pipe LO connected thereto, which
is provided with an atmospheric pressure releasing valve V0 for
releasing a pressure in the chamber from a reduced pressure state
to an atmospheric pressure.

Now, a method for producing a biodegradable resin foam
according to the present invention practiced using the apparatus
constructed as described above will be described hereinafter.

First, the forming mold A is clamped through the mold
clamp mechanism 40 and the pressure reducing valve V1 is closed
to keep the chamber 5 at an atmospheric pressure. Then, as shown
in Fig. 1, the hopper 1l is fed with biodegradable resin

particles 10 in which moisture is contained, which are then
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forming nold is carried out while keeping an atnosphere in the form ng nold
pressuri zed during the extrusion and rapidly reducing a pressure of the

at nrosphere in the formng nold after conpletion of the extrusion. This
permts the biodegradable resin to be foaned while being spread throughout
the formng nold, so that the resin foaﬂi@btalned |s formed into a desired

confi gur a4y forwardlb”t@g&%@%%&%ﬁdl o tﬁegﬁ{%é%%s of the

i nvention; the “ste extru % the fluidize egrad eresin’int
the forAFREYNAld f&ecRirPearadebhy rajpdat |pﬁgtt1|¢e1et§| d@egraddbica eassidn ini nt o

the forntegpepkdunki ke keepiveg blae al @DIER eHiQF 2RAntTRIES ¢ HREHUtiH R only
the resin io be spread hhrou? g he form ng nDId but the atom zed resin
to be ef I8 FFVEI?°FB§W§ eIy ﬁrlPﬁtéﬁFéﬁl dieoftocErtetdrn R fthgned

resin w sbpetv beang (helaltapgedppltladt hﬁreeléytopfo\blmth'feheleraQ%lrn 13qamewiutiit ing
Increased u ﬁ18§”¥3¥1d1zed in an 1nne9r222226%fe Odl 1nder Hh% %&%%%n%n
i nvent i on

a distal end side of the screw 2.

At this time, the inner space of the cylinder 1 is kept
heated and pressurized, so that moisture contained in the
biodegradable resin particles 10 is kept trapped in the fluidized
biodegradable resin without evaporating therefrom. Then,
rotation of the screw 2 is stopped and then the piston 23 in the
injection cylinder 22 is actuated to forwardly move the screw as
shown in Fig. 2(a), resulting in the biodegradable resin
fluidized being injected through the narrowed opening la into a
forming space R defined in the forming mold A at a stretch.

This causes the biodegradable resin in the heatéd and
pressurized state to be rapidly exposed to an atmospheric
pressure, so that moisture trapped therein may be instantaneously
vaporized, leading to foaming of the resin. Vaporization of the
moisture causes expansion force to occur in the biodegradable
resin. However, an outermost portion of the resin is contacted
with an inner surface of the forming mold A, resulting in being
regulated by a configuration of each of the cavity 31 and core
41, to thereby provide such a biodegradable resin foam product B
as shown in Fig. 3 which is wholly integrally formed.

In the foaming, the moisture is decreased in temperature
after the vaporization and expansion, resulting in drifting
inside and outside the forming mold A in a steam state or
condensing on a surface of each of the forming mold A and foan
product due to contact therewith, so that the moisture tends to
form water droplets. In order to avoid formation of water
droplets, the pressure reducing valve Vl is open immediately
after extrusion of the biodegradable resin into the forming mold
A as shown in Fig. 2(b), to thereby reduce a pressure in the

chamber 5 to a gauge pressure of, for example, about 750 mmHg by
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bi odegradabl e resin starting material nmay conprise noisture and the
bi odegradabl e resin. Alternatively, it may conprise the
-9- bi odegradable resin and a hygroscopic fine-particle material having

noi sture absorbed therein and added to the bi odegradable
-25- .

evacuation through the pressure reducing pump Pl. During the
evacuation, water vapor is partially sucked in the pressure
reducing pipe L1 prior to formation of water droplets. Also,
moisture which tends to form water droplets on the surface of
each og the forming mold A and resin form product B due to
condensation i; likewise removed by evacuation under a reduced
pressure.

Following evacuation under a reduced pressure for a
predetermined period of time, the pressure reducing vaive Vl is
closed and the atmospheric pressure releasing valve VO is open,
so that air is introduced through the atmospheric pressure
releasing -pipe LO into the chamber 5 to return the chamber tec an
atmospheric pressure. Then, the screw 2 is retracted while being
rotated as shown in Fig. 2(c), resulting in the next
biodegradable resin fluidized starting to collect in the inner
space of the cylinder 1 on the side of the distal end of the
screw 2 for the next injection, during which cooling and
solidification of the biodegradable resin foam product B in the
forming space R of the forming mold A is completed. Thereafter,
the formiﬁg mold A is rendered open to remove the formed
biodegradable resin form product B therefrom, followed by being
clamped for the next operation.

The forming mold A, as described above, is formed at at
least a part thereof of a porous material which permits an
exterior of the mold A and an interior thereof to communicate
with each other, to thereby be provided with air-permeability,
resulting in a pressure of gas generated in the forming mold A
due to expansion of moisture being effectively escaped to the
exterior of the mold A. This not only effectively prevents the
gas pressure from collapsing the resultant biodegradable resin
foam, but decreases a pressure in the chamber 5 due to evacuation
to forcibly remove moisture contributing foaming of the resin
from the chamber 5, to thereby keep the resin foam from being
contacted with the moisture. Thus, cells of the resin foam are
substantially prevented from being collapsed, resulting

satisfactory cells being uniformly distributed over the resultant
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resin. Al so, the biodegradable resin starting material nay conprise

noi sture, the biodegradable resin and a water repellent material. The
starting material of such conposition ensures desired foam ng of the resin
and permts it to be finely and unifornmy foaned. Al so, the water
repel l ent material may conprise a nmatef2@t which is not fully evaporated

when the_resi g Ll uidi .S ;l.e fr a a r rized
envi ronr?ngrslgﬁ ?ﬁghﬁaggf?g’latn&f }mﬁf(g%e eaf(}r?acitg(r?’aelq%f 2111(;1(:%/i ggi% glglliigr?erﬁl Use of
t he pol ynehiasinge mggegiadepel | ent material pernmits it to cover cells of

the foamed resinaiQRn@¢ide1lyl, Wnlkh 1alQk raeRe! LaRbdRhARE" Wa§Sbel O thereby
prevent the cells from being 'collapsed due to contact with water.

In a prEPBPFEYCERBodPMENCTOR FRENSFeSBAT MAFERITSN 15t RECYLOPSIY PYSHIRGIt he
foaned bhodealgeaisled pesifinerpars ishapaadependi,nghee ha 160RhieaUBaLpAR sk t he

fOrn1ngiHDtgen%¥og%gggﬁggﬁ% resin, to thereby provide the biodegradable

resin starting material for the resin foam. In this instance,
the moisture is highly uniformly dispersed in the biodegradable
resin fluidized which is extruded from the injection machine S
while being kept carried on the fine particles, so that the
moisture permits the resin to be foamed while acting the fine
particles as an origin or center of the foaming, resulting in
foaming of the resin being rendered uniform.

The appafatus suitable for use for practicing the method
of the present invention may be constructed as shown in Fig. 4.
More particularly, an apparatus shown in Fig. 4 includes a
chamber 5 divided into a movable-side part 51 and a fixed-side
part 52, wherein the movable-side part 51 is arranged so as to be
movable together with the movable mold part 4. Such construction
permits the forming mold A and chamber 5 to be concurrently
operated, to thereby facilitate removal of the biodegradable
resin foam B from the mold A and chamber 5.

Now, an experiment made for ascertaining functions and
advantages of the present invention will be described
hereinafter.

Experiment
Biodegradable resin foams were produced while varying a

period of time between starting of extrusion of the biodegradable
resin through the narrowed opening la and starting of evacuation
under a reduced pressure (release lapse time) and a period of
time during which evacuation was carried out (pressure reduction
time), followed by observation of the products.

Conditions for Experiment

An injection molding machine of Type PS60E12ASE
manufactured by Nissei Jushi Kogyo Kabushiki Kaisha, Japan was

used as the injection machine S. The injection molding machine
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out by form ng the whol e bi odegradable resin into an integrated
configuration. This permts the resin foamto be forned into a relative

| arge vol unme or any desired configuration. In a preferred

enbodi mrent of the present invention, the biodegradable resin conprises a
first biodegradable resin ingredient hagizng a nelting point of 100[err]C or

nore and a second bi pdegr adabl sin ingredjent. having a |l 1i.hg I nt of
T0Lerr 1Tt 1Haew SESHEESE qf, 48 Rl AP i LED T 1ok 1 1 Sbiec

i nventi aam  dtrhiee steicmn dp e ssu e grfadieid & kgelsiamT hor edbirent nec el actasedd adff t he
group cagpsi st pol V; 0- cto | al _.cont ai nj i t.

In a pre ert el er%%nai%enlff‘% 'i#e&pé ears]rgdntadq?tn%eir% grrrf%n?t%te ci"gd%égr dea’blaendr eSin
has a supsthimoessireted ¢ def fan gr oubh e v estinan tofwgsolmad enydrder al cohol s

and der iivr?:)técvteisorg 'T-_ch] tmdtﬁﬁrtq{é)'injection ra!trb ,ac‘:i.qpfeci'_acrﬁ.% \%.Ité"s@ure ,
further aspect of the present
screw rotation speed, back pressure and variable are set to be
98%, 98%, 90%, 30% and 40 mm, respectively.

The forming mold A used was constructed by forming a
punched metal wholly formed with holes of about 1.2 mm in
diameter and having a thickness of 1.5 mm into a box-like shape
(100 mm x 100 mm x 50 mm) by welding and the like. The chamber 5
was formed into a volume 50 1 in such a manner as shown in Fig. 4
and evacuated to a gauge pressure of 750 mmHg.

Results of Experiment

The results were as shown in Table 1.

Table 1
Release Lapse Pressure Reduction Volume Density State
Time (sec) Time (sec) (ce) (g/cc) ’
0 5 635 0.041 A
5 0 454 0.050 X
5 10 504 0.046 @)
5 20 502 0.046 o
5 30 526 0.043 O
5 120 531 0.043 O
1 30 608 0.042 ©

In Table 1, X indicates that the resin foam exhibited remarkable
shrinkage, A indicates that the resin foam was formed with a lot
of voids, (indicates that the foam was decreased in shrinkage,
and @ indicates that the foam was substantially free of
shrinkage. The pressure reduction time "0'" indicates that the
chamber 5 was kept from being evacuated for pressure reduction,
resulting in being kept at an atmospheric pressure. As will be
noted from the results shown in Table 1, evacuation for pressure
. reduction permits shrinkage of the biodegradable resin to be

decreased.
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I nvention, an apparatus for producing a bi odegradable resin foam is
provi ded. The apparatus conprises a pressure adjusting chanber construct
in a manner to be capabl e of being opened and cl osed

-28- -

In the illustrated embodiment, a timing of evacuation
for pressure reduction in the chamber 5 may be set before, during
or after extrusion of the biodegradable resin via the narrowed
opening la into the forming mold A. Alternatively, the above-
descrlbed pressure reduction due to evacuation of an atmosphere
surrounding the forming mold A may be replaced with a means shown
in Fig. 5. More particularly, the forming mocld A is located in a
ventilating duct D having a fan f arranged therein, so that
moisture may be removed from an interior of the forming mold A by
actuation of the fan £, to thereby keep the resin foam from being
contacted with the moisture.

Although narrowed opening la is kept open and the hopper
11 of the cylinder 1 is also kept open, the cylinder 1 is kept
closed to a certain degree, However, a decrease in degree of
closing of the cylinder 1 causes pressurization in the cylinder 1
to be insufficient, so that there is a possibility that a
relationship between a softening point or melting point of the
biodegradable resin and a boiling point of moisture or water
pressurized in the cylinder causes the moisture to be partially
vaporized, resulting in foaming of the biodegradable resin
occurring in the cylinder 1 prior to injection of the resin into
the forming mold. Also, this tends to cause foaming of the
biodegradable resin extruded from the narrowed opening la while
causing it to hang down from the narrowed opening la. In order
to avoid such a problem, it is preferable that the illustrated
embodiment is provided with a means for increasing a degree of
closing of the cylinder 1. For this purpose, the narrowed
opening la may be provided with a nozzle equipped with a shut-off
valve. Alternatively, the hopper ll for feeding the starting
material to the cylinder 1 may be constructed so as to be tightly
closed. Also, the hopper may be provided with a rotary valve.
Further, foaming of the biodegradable resin in the cylinder 1
prior to the injection may be restrained by dissolving a non-
volatile solute such as polyethylene glycol in water and then
adding the resultant solution to the biodegradable resin to

increase a boiling point of water.
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hernmetically, an air-perneable formng nold arranged in the pressure

adj usting chanber, a pressure reducing tank connected to the pressure
adj usting chanber to rapidly reduce a pressure in the pressure adjusting
chanmber, and an injection machine for injecting, into the form ng nold,
fluidized bi odegradable resin placed in a2beated and pressurized .

environnent and ha%Jn | sture trapped hergin. I&#S’ he ar at.us .
pernmits the pressuré’erq’egtﬁ’c‘? Hﬁ’gcraﬁ‘ﬁf‘ﬁglcc iRt Wi g h ?‘Fecr;;a‘%"sélf’rl?eove is
adj usti ng adfiadbearo afieerbiaeantadarblof ddwn esimdudd dheff artd ng.oddghaddble
i schar god 15 BARmoRy 3 114 B 1AL SR OB 2 ISR Rl U
Thus, t he deisddedradabine rasies tiecamnmlsdne mwisthhdineed s siydremtided madiine S
desi r_ed qulftiogq:ﬁ%t if‘?ﬂ:nﬁ% hﬂﬂﬁdowt‘ quaJ 'ﬂa\@ be carried 't Qr,pfsqj‘_r}pcg anner
enbodi ment of the present invention, the pressure adjusting chanber has an
evacuat i orthadl v&ecSiprddingg mold A in which the biodegradable resin having
the hygroscopic fine-particle material previously dispersed
therein is charged is arranged in a closed heating vessel and
then the heating vessel is fed with heated water vapor, followed
by a rapid decrease in pressure in the heating vessel. The
hygroscopic fine-particle material is not limited to a round
powdery configuration. It may be formed into a shape like a thin
piece or a rod~like shape.

In the illustrated embodiment, it is not necessarily
required to add the hygroscopic fine-particle material to the
biodegradable resin. The biodegradable resin may have water
previously contained therein. Alternatively, biodegradable resin
containing equilibrium moisture under an atmosphéric pressure may
be used for the present invention. Also, the biodegradable resin
and moisture or water may be separately added to the hopber 1.

In the illustrated embodiment, extrusion of the
fluidized biodegradable resin into the forming mold may be
carried out while placing a nozzle arranged with respect to the
narrowed opening in the depths of the forming mold at the time
when operation of the nozzle is started and retracting the nozzle
relative to the forming mold during extrusion of the
biodegradable resin. This may be carried out by means of an
apparatus constructed in such a manner as shown in Fig. 6.

The apparatus shown in Fig. 6 includes an elongated
nozzle 16 connected to a narrowed opening la so as to forwardly
outwardly extend in a longitudinal direction of a cylinder 1. In
correspondence to arrangement of the nozzle 16, a heater 13 may
be arranged in the nozzle 12 as well as around the cylinder 1.
Also, a fixed mold part 3 of a forming mold A is formed with a
through-hole 32 communicating with a cavity 31, so that the

nozzle 12 may be inserted into the fixed mold part 3 via the
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thereto. Thus, when the pressure adjusting chanber is rendered open to an
anbi ent atnosphere in the course of injectiomof the rein into the formng
nol d, resistance to the injection is reduced because the formng nold is
air-pernmeabl e, so that the injection may be facilitated. herefore, the
i njection machine is prevented from bei nggl arge-si zed. ln a
preferred enbodi nent of the present invention, the pressure adjusting
chanber ﬁ§§°&g@6ﬁﬁﬂ€3§§r connected thereto. This permts injection of the
resin into the forAmsr¢g MR @ hieO e cdamein@d oFUTF 13N Ise K:ﬁh@plfiagmliﬁlgsin%ﬂ.@ A
p05|t|velé traﬁp % t he re&yn becaﬁse actuatloQ t he conpr.ess 6,
pressuri 284 én 3 es BGCRARE ERaRBE SUPRES Fe8p&Pati 6476 Sh ase
evacuati ehical ie meswldt ®n a ghddpr eaddse 6adjthsbugh oharher 6Beiang 68l eased
from preReinball 8 el ,be 2 .I0eease |l Bebhon.r gaket ange SO that
the resin De "sprea throu hout™ the
mounted on a rear end thereof or a left hand end thereon in Fig.
6 with a frame plate member 64, which has a piston 66 connected
thereto so as to forwardly extend therefrom. The piston 66 is
arranged so as to be reciprocated in a hydraulic cylinder 65.
The hydraulic cylinder 65 is fixed on a suitable support (not
shown) and functions to apply a hydraulic pressure to the piston
66 to move the carrier base 6. Thus, in the illustrated
embodiment, the carrier base 6, guide rails 61, wheels 63, frame
plate member 64, hydraulic cylinder 65 and piston 66 cooperate
with each other to provide an access mechanism 60.
Alternatively, the illustrated embodiment may be so constructed
that the carrier base 6 may be freely moved by a pressure due to
extrusion of biodegradable resin without arrangement of the
hydraulic cylinder 65 and piston 66. In this instance, an
actuation control mechanism 7 including an electromagnet and
having a field current adjustment section 71 connected thereto is
arranged on the wheel 62 to control a speed of retraction of the
carrier base 6. The remaining part of the illustrated embodiment
may be constructed in substantially the same manner as the
embodiment described above with reference to Fig. 1.
The manner of operation of the apparatus of Fig. 6
constructed as described above will be described hereinafter.
The apparatus is adapted to extrude fluidized biodegradable resin
into the forming mold while placing the nozzle arranged with
respect to the narrowed opening in the depths of the forming mold
at the time when operation of the nozzle is started and
retracting the nozzle relative to the forming mold during
extrusion of the biodegradable resin.
More particularly, the forming mold A is kept clamped
and the carrier base 6 is positioned at a forward position so

that a distal end of the nozzle 12 arranged at the narrowed
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In a preferred enbodi nent of the present invention, the pressure adjusting
chariber has a pressurizing tank connected thereto. This permts the
pressure adjusting chanber to be rapidly pressurized at an appropriate
timng when the resinis to

-31-~ -
opening la is positioned in the depths of the forming mold A.
Such arrangement of the nozzle 12 may be attained through a
stopper provided on, for example, the guide rail 61. Then,
partiﬁ}es 10 of biocdegradable resin and moisture are fed to a
hopper 1 and fdrwardly forcibly transferred in the cylinder 2 by
means’ of a screw 2, during which the biodegradable resin
particles 10 are increased in temperature to a level near a
softening point of the resin or a melting point thereof by
shearing force due to rotation of the screw 2 and heat applied
thereto from the heater 13. This results in the biodegradable
resin being collected in an inner space of the cylinder 1 defined
on a side of a distal end of the screw 2 while being fluidized.

At this time, the inner space of the cylinder 1 is kept
heated and pressurized, so that moisture contained in the
biodegradable resin particles 10 is kept trapped in the
biodegradable resin without evaporating therefrom. Then,
rotation of the screw 2 is stopped and a piston 23 in an
injection cylinder 22 is actuated to advance the screw 2 as shown
in Fig. 7(a), so that the fluidized biodegradable resin may be
injected from the cylinder 1 through the nozzle 12 into a forming
space R in the forming mold A at a stretch.

This causes the biodegradable resin to be rapidly
exposed to an atmospheric pressure, so that moisture trapped in
the resin is caused to instantaneously evaporate from the resin
to foam the resin and the forming mold A is retracted rearwardly
or in a left-hand direction in Fig. 7 by a hydraulic pressure of
the hydraulic cylinder 65. This results in the biodegradable
resin successively foaming while being extruded in order from a
side of the depths of the forming mold A. A speed at which the
forming mold A is retracted is adjusted by hydraulic control of
the hydraulic cylinder 65. An excessive increase in speed of the
forming mold A causes an excessive amount of biodegradable resin
to be extruded in an entrance section of the forming mold A,
leading to positionally non-uniform foaming of the resin; whereas
an excessive decrease in speed of the mold A causes cells of

biodegradable resin foamed in the depths of the mold A to be
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be injected into the form ng nol d. Al so, in accordance with this
aspect of the present invention, an apparatus for producing a bi odegradabl e
resin foamis provided. The apparatus conprises a pressure adjusting
chanber constructed in a manner to be capabl e of being opened and cl osed
hernetically, an air- perneable forning_FPLd arraged in the pressure

adj usting chanber, a pressure reducing ftank connected through a pressure
reduci ng cwdlhagsted thye reslemmaa addjeugtesiqn cxtmuled sukgradientlstudezeto.

pressure gy ot hg Presyua AE1SLing Ghafels N RMACHALIAN @l itk GReGELd
to the pressdre_adjustlng chanmber, a conpressor.  connected to the pressure
adj ust i ngodidadbdrs, de tegmidtedomtor @S &0 MATIHANtYR 19iRf BFadRh igh oS Igh P of

the val vggs, sRQ ed ivy16C xR udRGhIiRe of FuiltHE idAdbudthtia thed Erema dldb

flurd Zecci)fblt%cciae re%dé%bsl %fr et Ien m%ll%c?bfi. ! rEx‘f:}:aar}1esan‘.toend faonrdc ep roefcs Sﬁ\ruarti ezredvapor
occurs in the biodegradable resin. However, an outermost portion
of the biodegradable resin is kept contacted with the forming
mold A, to thereby regulated by a configuration of a cavity 31
and the water vapor is outwardly discharged through pores of the
forming mold A, so that a biodegradable resin foam B integrally
formed may be obtained. Then, the screw 2 is retracted while
being rotated as shown in Fig. 7(c), during which collection of
the next biodegradable resin fluidized in the inner space of the
cylinder 1 on the side of the distal end of the screw 2 starts
for the next injection. Concurrently, the biodegradable resin
foam product fofmed in the cavity 31 of the forming mold A is
allowed to be cooled and solidified, so that releasing of the
forming mold A from clamping by the clamp mechanism 40 permits
the resin foam B to be removed from the cavity 31, followed by
clamping of the mold A for the next operation.

As noted from the above, the illustrated embodiment is
so constructed that the nozzle 12 is initially positioned in the
depths of the forming mold A and then successively retracted
while extruding the biodegradable resin into the forming mold A,
to thereby permit extrusion of the biodegradable resin to be
carried out while keeping a portion of an inner space of the mold
to be subsequently charged with the biodegradable resin and an
extrusion port of the nozzle 12 in proximity to each other.
Thus, the illustrated embodiment constantly keeps the
biodegradable resin successively extruded into a portion of the
forming mold A at which foaming of the resin is desired. This
permits the foaming to be completed while ensuring that the
biodegradable resin extends well through the forming mold A, to
thereby substantially eliminate the above-described disadvantage
that foamed cells of the biodegradable resin collected while

being separated from an inner surface of the forming mold A are
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envi fonment and havi ng noi sture trapped therein. The valve controller
functions to initiate actuation of the conpressor before or at the tine
when injection of the biodegradable resin into the formng nold by the
injection machine is started, carry out term nation of actuation of the
conpressor and opening of the evacuatirisval ve in the course of the

i njection, and carry out_closing of the evacuation valve and openi ng of the
pressur £RAEI PG VAE vEo bt eving heledesredahle TReginy heepubsingelndpasneng

chamber g1 Hes £ONt rohbef £10e Pb£&SaI + ZB4H DO, r Y 8L UAGARNB Opr HULESH By the
reduction in aSSOCIPtIOH h atimng of injection of the resin into the

f or mi ng PRI atus o th%u¥i#%?§r?ﬁg%cg%?8%h% nhi A0t Bf sCQRBEERCHRd: hBEO a
present dewserdd ofionfihgdppat @t usnd oun Pf echiCt 1gs &f i otegt adlabéehivstn foami s

provi ded, The‘agpgggtgéfﬁgo rises_a Dressure adj usting chanber constructed
p

in a manier Yo el & O DR R Bpehed® and cl osed hermetically, an air-

per meabl e form ngl mothkie af ¥ bwsfeca §ed tdrebpd beeur ¢ vell asiveignovement between
the forming mold A and the nozzle 12 is accomplished by movement

of the forming mold A retractably constructed. Alternatively, it
may be attained by constructing the injection machine S in a
retractable manner. Also, both may be retractably constructed.

A speed of relative movement between the mold A and the nozzle 12
may be controlled through, for example, the hydraulic cylinder
65. Such construction permits foaming density (filling degree)
of the biodegradable resin foam B to be controlled, to thereby
vary properties of the foam B. For example, this permits the
foam B to be formed so as to have a hardened surface and a
softened inner layer.

The nozzle 12 may be formed at an outlet port thereof
into a diameter decreased to a degree sufficient to permit the
biodegradable resin to be injected while being atomized. This
permits the biodegradable resin foam of satisfactory properties
to be produced even when the forming mold A is formed into a
complicated configuration. Also, the illustrated embodiment may
be modified in such a manner as shown in Fig. 8. 1In a
modification of Fig. 8, a forming mold A and a mold clamp
mechanism 40 are received in a chamber 5 constructed in an
airtight manner. Also, a pressure reducing pipe Ll provided with
a pressure reducing pump Pl and a pressure reducing valve Vl and
an atmospheric pressure releasing pipe LO provided with an
atmospheric pressure releasing valve VO are connected to the
chamber 5 to reduce a pressure in the chamber 5 through actuation
of the pressure reducing pump Pl’ Such construction permits
water vapor generated from biodegradable resin to be forcibly
outwardly discharged from a circumference of the forming mold A,
to thereby substantially restrain shrinkage of a biodegradable

resin foam due to re-adhesion of water vapor contributing to
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chanber, a pressure reducing tank connected through a pressure reducing

val ve to the pressure adjusting chanber to rapidly reduce a pressure in the
pressure adjusting chanber, an evacuation val ve connected to the pressure
adj usting chanber, a pressurizing tank connected through a pressurizing

val ve to the pressure adjustirg chanbersza valve controller for controlling

foaming of biodegradable resin to the foam. Alternatively, such
an advantage can be exhibited also by ventilation of the chamber
5 rather than pressure reduction in the chamber. 1In this
instaﬁse, the chamber 5 and mold clamp mechanism 40 may be
constructed so’as to surround the forming mold A and located
outside the chamber 5, respectively.

In the method for producing the biodegradable resin foam
according to the present invention, the step of extruding the
fluidized biodegradable resin into the forming mold may be
carried out in a manner to keep an atmosphere in the forming mold
pressurized during the extrusion and rapidly reduce a pressure of
the atmosphere in the forming mold after completion of the
extrusion. This may be carried out by means of an apparatus
constructed in such a manner as shown in Fig. 9.

The apparatus shown in Fig. 9 includes a chamber 5
having a pressuring pipe L3 and a pressure reducing and releasing
pipe L4 connected thereto, other than the pressure reducing pipe
Ll’ pressure reducing valve V1 and pressure reducing pump P1
arranged in the apparatus shown in Fig. 1. The pressuring pipe
L3 is connected through a pressuring valve V3 to a compressor C
to pressurize an atmosphere in the chamber 5. The pressure
reducing and releasing pipe L4 corresponds to the atmospheric
pressure releasing pipe L0 arranged in the apparatus shown in
Fig. 1 and is arranged so as to communicate through a pressure
reducing and releasing valve V4 to an ambient atmosphere. The
remaining part of the apparatus may be constructed in
substantially the same manner as the apparatus shown in Fig. 1.

Now, the extrusion step executed by means of the
apparatus of Fig. 9 constructed as described above will be
described hereinafter. First, the forming mold A is kept clamped
and the chamber 5 acting as a pressure adjusting chamber is kept
pressurized by the compressor C. Then, as shown in Fig. 9, a
hopper 11 is fed with particles 10 of moisture and biodegradable
resin which constitute a biodegradable resin starting material.
The starting material is then forcibly forwardly transferred in

the cylinder 1 by means of a screw 2, during which the
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operation of each of the valves, and an injection machine for injecting,
into the formng nold, fluidized biodegradable resin placed in a heated and
pressuri zed environnment and having noi sture trapped therein. The val ve
controller functions to open the pressurizing valve before or at the tine
when injection of the bi odegradable resjsn into the formng nold by the
injection machine is started, carry out closing of the pressurizing valve
and opehiededradpablevaeaini BATVAFYRS| ROt ARCchDFERaBEd t he FRPRRTAEWTeand

carry oyt1&vO5i R8apf at Bere¥ACHAl hOInYabyertROdropeRi §8 ofmdheipg essuRe _
reducin valvg after the inpection. Thus, the gres ure adjustipng chanber is
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associaiﬁ@miég thereto from a heater 13. This results in the
biodegrada%le fesin being collected in an inner space of the
cylinder 1 defined on a distal end side of the screw 2 while
being fluidized.

At this time, the inner space is kept heated and
pressurized, so that moisture contained in the biodegradable
resin particles 10 is kept trapped in the biodegradable resin
without evaporating therefrom. Then, rotation of the screw 2 is
‘stopped and a piston 23 in an injection cylinder 22 is actuated
to aannce the screw 2 as shown in Fig. 10(a), so that the
fluidized biodegradable resin may be injected from the cylinder 1
through a narrowed opening la into a forming space R in the
forming mold A at a stretch.

An inner space of the chamber 5 is kept pressurized, so
that a cavity 31 and a core 41 of an air-permeable forming mold A
communicating through pores of the forming mold A with the inner
space of the chamber 5 is likewise pressurized. In this
instance, when a pressure in the forming space R defined by the
cavity 31 and core 41 is set at a level of, for example, 10
kgf/cm2 higher than a water vapor pressure at a temperature of
the biodegradable resin injected through the narrowed opening or
port la or, for example, at 170°C, the biodegradable resin may be
extruded into the forming space R while keeping moisture trapped
therein.

After the biodegradable resin is charged in the forming
space R of the forming mold A, the pressure reducing and
releasing valve V4 is rapidly and fully rendered open to permit a
pressure in the chamber 5 to be reduced to an atmospheric
pressure, so that the biodegradable resin in a heated and
pressurized state is rapidly exposed to an atmospheric pressure,
resulting in moisture tfapped in the resin being instantaneously
vaporized to foam the biodegradable resin. Also, vaporization of

the moisture causes expansion force of water vapor to occur in
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with a timng of the injection. In addition, in accordance with
this aspect of the present invention, an apparatus for Elrls)%hdﬂlH eanRepla

bi odegradabl e resin foamis provided. The appar at us corrp

adj usting chanber constructed in a manner to be capabl e %m and
cl osed hernetically, an air-perneable tggami ng nold arrange sure
adj usti ng chanber, a pressure reduci ng tank connected throug h a pressure
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may be obtained.

Then, the screw 2 is retracted while being rotated as -
shown in Fig. 10(c), during which collection of the following
biodegradable resin fluidized in the inner space of the cylinder
1 on the side of the distal end of the screw 2 starts for the
next injection. Concurrently, the biodegradable resin foam B
formed in the cavity 31 of the forming mold A is allowed to be
cooled and solidified, so that releasing of the forming mold A
from the clamping permits the resin foam B to be removed from the
cavity 31, followed by clamping of the forming mold A for the
next operation.

In the method described above, the forming space R
defined by the cavity 31 and core 41 is kept pressurized until
the fluidized biodegradable resin is injected from the cylinder 1
through the narrowed opening la into the forming space R, to
thereby prevent foaming of the biodegradable resin. Then, a
pressure in the forming space R is rapidly decreased to lead to
foaming of the resin, so that the biodegradable resin foam B
obtained may conform to a configuration of the forming mold A and
exhibit uniformity, resulting in being effectively applied to a
satisfactory cushioning material.

Thus, in the method practiced by means of the apparatus
of Fig. 9, a timing of foaming of the biodegradable resin
extruded through the narrowed opening la is adjusted by reducing
a pressure in the chamber 5. The timing of pressure reduction or
foaming is not limited to setting after the biodegradable resin
is fully filled in the forming space R. The pressure reduction
may be carried out in the course of extrusion of the resin

through the narrowed opening la into the forming space R. Thus,

the timing may be suitably set depending on, for example, a speed



t he inj ection machi ne and carry out closing of the evacuation val ve and
openi'ng of the pressure reducing valve after the |Mjsgg&{mgeggl§ } he

pressure adjusting chanber is controlled to evacuat

reduction in association with a timng of the inj echml’r”[ﬂDu
Furthernore, in accordance with this aspegt_of the lon, an
apparatus for producing a bi odegradable resin foamis provided. The

appar at us atowpdiches he priegdegradable resin is extruded through the narrowed
opening la, a temperature at which the biodegradable resin is

heated, and the like.

b A pressure in the chamber 5 may be reduced to a level
lower thaﬁ: eqﬁal to or higher than an atmospheric pressure.
Reduction of the pressure to a level lower than an atmospheric
pressure permits a pressure difference obtained to be
substantially increased, resulting in foaming of the
biodegradable resin being carried out to an increased degree.
Also, this leads to discharge of water vapor to an exterior of
the chamber 5, to thereby prevent shrinkage of the biodegradable
resin foam due to re-adhesion of moisture once contributing to
the foaming to the resin foam.

The apparatus of Fig. 9 may be modified in such a manner
as shown in Fig. l1l1. More particularly, an apparatus of Fig. 11
is so constructed that a chamber 5 is divided into a movable-side
part 51 and a fixed-side part 52 and the movable-side part 51 is
arranged so as to be movable integrally with a movable mold part
4. Such construction permits a forming mold A and the chamber 5
to be concurrently operated, to thereby facilitate removal of a
biodegradable resin foam from the forming mold A and chamber 5.

In the method of the present invention, extrusion of the
fluidized biodegradable resin into the forming mold is carried
out by injecting the biocdegradable resin into the forming mold
while keeping the resin atomized. Such extrusion may be executed
by means of an apparatus as shown in Fig. 12. Therefore, the
apparatus of Fig. 12 will be described prior to description of
the extrusion step.

In the apparatus of Fig. 12, a cavity 31 is formed into
a rectangular shape and more particularly a rectangular
parallelepiped shape and a core 41 is formed into a small
rectangular parallelepiped shape communicating with the cavity
31. Also, a narrowed opening la is formed into a diameter
smaller than that of a nozzle of a conventional injection molding
machine, to thereby ensure that fluidized biodegradable resin in

a heated and pressurized state may be injected through the



-13-" adj usting chanber constructed in a manner to be capabl e of being
opened and cl osedﬂhfe?rhnﬁﬁﬁsc@tﬂkplaan air-perneable formng nold arranged in

t he pressure adjus pressure reduci ng tank connected through
a pressure reduci pressure adjusting chanber to rapidly

reduce a pressure |n the pressure adjustiigng chamber, a pressurizing tank
connected throu rizing valve to the usti ng chanber,
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into a-'diameter of, for example, 2 to 5 mm, whereas in the

illustrated emﬁodiment, the narrowed opening la is formed into a
diameter as small as about 1 mm.

The extrusion by means of the apparatus shown in Fig. 12
is initiated by feeding a hopper 11 with particles 10 of moisture
and biodegradable resin while keeping a forming mold A clamped.
Then, the particles 10, as shown in Fig. 13(a), are forwardly
forcibly transferred in a cylinder ! by means of a screw 2,
during which the particles 10 are heated to a temperature near a
softening point of the particles or a melting point thereof by
shearing force due to rotation of the screw 2 and heat applied to
the particles from a heater 13 and then collected in an inner
space of the cylinder l_defined on a side of a distal end of the
screw 2 while being fluidized. At this time, the inner space of
the cylinder 1 is kept heated and pressurized, so that moisture
contained in the fluidized biodegradable resin is trapped therein
without evaporating therefrom.

Then, as shown in Fig. 13(b), rotation of the screw 2 is
stopped and a piston 23 in an injection cylinder 22 is actuated
to advance the screw 2, resulting in the fluidized biodegradable
resin being injected at a stretch through the narrowed opening la
into the forming space R defined by the cavity 31 and core 41
while being kept atomized.

Injection of the resin while keeping it atomized may be
carried out by forming the narrowed opening la into a small
diameter as compared with that of the conventional injection
molding machine and suitably adjusting a speed of injection of
the fluidized resin and a difference between a pressure before
the extrusion and that after the extrusion. A diameter of the
narrowed opening la required for atomization of the resin is not
limited to the above-described value of about 1 mm because it is
also varied depending on a speed of extrusion of the fluidized

resin as well.
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the pressurizing valve before or at the tinme when injection of the

bi odegr adabl e reS|n|nﬁ1(Pst1me§Has ' nDId by the injection machine is
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to an atmospheric pressure, so that moisture trapped in the resin
is instantaneously vaporized to foam the biodegradable resin.
Expansion force of the vaporized moisture or water vapor is
exerted in the biodegradable resin, however, an outermost portion
of the foamed resin is kept contacted with an inner surface of
the forming mold A, resulting in being regulated by a
configuration of the space R. Then, the water vapor formed is
discharged through the pores of the forming mold A to an exterior
of the mold A. Foaming of the biodegradable resin is carried out
for every particle, resulting in foamed cells 100 being formed.
The foamed particles are entangled with each other and melted
with each other, leading to a biodegradable resin foam B
integrally formed.

Then, as shown in Fig. 13(c), the screw 2 is retracted
while being rotated, during which the following biodegradable
resin fluidized is collected in the inner space of the cylinder 1
on the side of the distal end of the screw 2 for the next
operation and the biodegradable resin foam B in the forming space
R of the forming mold A is allowed to be cooled and solidified.
Then, the forming mold A is released from clamping by the mold
clamp mechanism, so that the biodegradable resin foam B may be
removed from the mold A, followed by re-clamping of the mold A
for the next operation.

In the method described above, the biodegradable resin
fluidized is injected ‘to the forming space R of an atmospheric
pressure while being atomized, resulting in being spread
throughout the forming space R irrespective of a configuration
thereof. Also, this permits the particles constituting the
atomized biodegradable resin to foam while being collected

together. Therefore, even when the forming space R of the
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minimizes or substantially eliminates a disadvantage that the

foamed cells of the biodegradable resin are collected at
positigns away from an inner surface of the forming mold,
resulting'in tie foamed cells being collapsed due to forcing by
subsequently extruded biodegradable resin. Thus, the
biodegradable resin foam B obtained fully conforms to a
configuration of the forming mold and exhibits uniformity,
resulting in being effectively applied to a satisfactory
cushioning material.

In the apparatus of the illustrated embodiment, an
exterior of the forming mold A may be exposed to an atmosphere
ventilated. This permits the water vapor to be forcibly
outwardly discharged from the forming mold A, to thereby exhibit
an advantage of effectively preventing moisture which has once
contributed to foaming of the biodegradable resin from re-
adhering to the resin foam, to thereby prevent shrinkage of the
foam. '

The forming mold A may be arranged in the chamber 5 to
reduce a pressure in an atmosphere outside the forming mold A to
a level below an atmospheric pressure. This permits a difference
between a pressure outside the forming mold A and that inside the
mold to be increased, so that the resin may be foamed to an
increased degree and forced discharge of water vapor from the
mold is increased to minimize condensation of the water vapor on

the resin foam.
Also, in the illustrated embodiment, at least one nozzle

12 may be arranged with respect to the narrowed opening la as
shown in Fig. 14. In Fig. l4, a plurality of such nozzles 12 are
arranged on the cylinder 1. Alternatively, the cylinder 1 may be
provided at a distal end thereof with a shower 15 formed with a
plurality of fine injection ports 14. Also, when the embodiment
is so constructed that the biodegradable resin is injected into
the forming mold A through a runner and a gate (not shown), the
runner and gate each may be formed into a small diameter to

ensure that the injection is carried out while keeping it



-14- the acconpanyi ng draw ngs; wherein: Fig. 1 is a vertical

sectional side elevation view generally show ng an exanpl e of an apparatus
suitable for use for practicing an enbodi nent of a nmethod for producing a
bi odegr adabl e resi FhisSkam Hes Ban®ieplged 0 t he present invention; Fi gs

2(a) to 2(c) each ar section | view showi ng each of steps of
the method of Fig. 1 . 3 is aperspective view showi ng an
n foam according to the present
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show ng an (E‘SS(E‘I’ltIa}‘l par exanp
be constructed in such a manner as shown in Fig. 16. More

partidglarly, the chamber 5 is divided into a plurality of
pressure rEduc;ng chambers 53, 54 and 55 which are constructed so
as to be airtight with respect to each other and arranged so as
to surround the forming mold A. The chambers 53, 54 and 55 have
pressure reducing pipes Ll connected thereto, respectively.

Thus, a degree of pressure reduction in each of the chambers may
be varied through the pressure reducing pipe Ll; to thereby
adjust filling of the biodegradable resin in of the forming space
R of the forming mold A while being kept atomized, so that .it may
be charged in the forming space R in turn form the depths thereof
with high efficiency. In this instance, the chamber 5 may be
constructed so as to be operated in synchronism with the forming
mold A.

In the method of the present invention, the
biodegradable resin starting material may comprise moisture,
biodegradable resin and a water repellent material. An apparatus
suitable for practicing the method using the biodegradable resin
starting material of such composition is shown in Fig. 17, which
apparatus may be constructed in substantially the same manner as
that shown in Fig. 1, except that the chamber 5 is eliminated.
Particles 10 of biodegradable resin which contains a substantial
amount of moisture and a water repellent material are charged in
a hopper 11 and then forcibly forwardly transferred in a cylinder
1 by means of a screw 2, during which the biodegradable resin
particles 10 are increased in temperature to a level near a
softening point of the resin or a melting point thereof by
shearing force due to rotation of the screw 2 and heat applied
thereto from a heater 13 or a level, for example, of about 170°C.
This results in the biodegradable resin being collected in an
inner space of the cylinder 1 defined on a distal end side of the
screw 2 while being fluidized. '

At this time, the inner space of the cylinder 1 is kept

heated and pressurized, so that moisture contained in the



suitable for use for practicing the nmethod of Fig. 1; Fig. 5is a
verti cal sectlonal S|de el evati on view showi ng an essential part of a

further exanple off et °dyi tabl e for use for practicing the nethod
of Fig. 1; ertical sectional side elevation view
general ly shomﬁng n appaj at us suitable for use for
practicing another enbodi ment of a nethod for producing a bi odegradabl e

resi n f vdwodagcaddiblg trestime pprédetesi dPeritsi dgpt trapped Eingshe7(a) to 7(c)
each ar%l%d%%@%ﬁ%%u% %%%Hthﬁkh%h%We%Q%WEﬁQ1%%CQhQEe§E%BS ofhkhe method of

Fig. Fig. 8is a vertical sectional e el evation view show ng
an esseﬁPF&WlﬁérPfoﬁhénéﬁﬁéﬁ éxdmplsé oppedhandpgardstonsdt Bl 80f or ‘use for
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produci ngr@owed opening la from the cylinder into a forming space R of
the forming mold A at a stretch.

This causes the biodegradable resin in a heated and
pressurized state to be rapidly exposed to an atmospheric
pressure, resulting in moisture trapped in the resin being
instantaneously vaporized to foam the biodegradable resin. The
above-described water repellent material has a boiling point
higher than that of water, so that most of the water repellent
material remains as a film on a surface of each of cells of the
foamed biodegradable resin. Vaporization of the moisture causes
expansion force of water vapor to occur in the biodegradable
resin. However, an outermost portion of the biodegradable resin
is kept contacted with an inner surface of the forming mold A, to
thereby be regulated by a configuration of a forming space
defined by a cavity 31 and a core 41, so that such a
biodegradable resin foam B integrally formed as shown in Fig. 19
may be obtained.

Then, the screw 2 is retracted while being rotated as
shown in Fig. 18(b), so that the following biodegradable resin
fluidized is collected in the inner space of the cylinder 1 on
the side of the distal end of the screw 2 for the next injection.
Concurrently, the biodegradable resin foam B formed in the cavity
31 of the forming mold A is allowed to be cooled and solidified,
so that releasing of the forming mold A from clamping by a mold
clamp mechanism permits the resin foam B to be removed from the
cavity 31, followed by clamping of the mold A for the next
operation.

In the method described above, the water repellent
material forms a film for covering each of foamed cells of the
biodegradable resin foam, to thereby effectively prevent the

foamed cells from being collapsed or broken due to swelling



bi odegradabl e resin foam according to the present invention; Fi gs.
10(a) to 10(c) e@@}hs}@ﬁf§a513eszc rm&u c sectional view show ng each of steps of

t he net hod of Flg ig. 11 is a vertical sectional side
el evation view sh ial part of a further exanple of the
apparatus suitable use

racticifg-the method shown in Fig. 9;
Fig. 12 is a verti cal sect | onal si de el evation view general |y show ng an

exanpl e 380 /87 &F5&eAINE Ofi ths dipdeegadapde sesdm cANGeSt Y cams@Rér of
enbodi nghRk @k sanmEFAed wieh Ma@@wCi NYo@e. particularly, formation of the

film exhibits a first advantage of preventing moisture which has

once contributed to foaming of the biodegradable resin due to
vapori;atian ayd expansion thereof from re-adhering to the foam
product and a second advantage of minimizing softening and
swelling of the resin foam in use. Also, when a natural fatty
acid polymer may be used as the water repellent material, the
whole biodegradable resin foam exhibits satisfactory
biodegradable properties because the polymer is likewise
biodegradable.

The apparatus of the illustrated embodiment may be
modified in such a manner as shown in Fig. 20. More
particularly, in a modification of Fig. 20, a forming mold A is
arranged in an airtight chamber 5 which can be divided into a
movable-side part 51 and a fixed-side part 52, so that a pressure

reducing valve V. is rendered open at a predetermined timing such

as, for example,lin a one second before or after extrusion'of the
biodegradable resin through a narrowed port la into a forming
mold A, to thereby reduce a pressure in the chamber 5 through a
pressure reducing pipe Ll by means of a pressure reducing pump
Pl' Alternatively, the illustrated embodiment may be constructed
in substantially the same manner as the apparatus described above
with reference to Fig. 5, wherein the forming mold A is arranged
in the ventilation duct D which is forcibly ventilated by means
of the suction fan f. Such constructions each permit moisture to
be forcibly removed from the forming mold A, to thereby more
positively prevent shrinkage of the biodegradable resin. In Fig.
20, reference character L0 designates an atmospheric pressure
releasing pipe and Vo is an atmospheric pressure releasing valve
arranged in the middle of the pipe LO'

In the illustrated embodiment, the biodegradable resin
particles 10, moisture and water repellent material are charged
separately in the hopper ll. Alternatively, the cylinder 1 may
be provided with an inlet port, through which the moisture or

water repellent material may be fed directly to the cylinder 1.



-15- bi odegradable resin foam according to the present invention;

Figs. 13(a) to 13(c ch..ar sch mati c sectional view show ng each of
steps of the nethodh“%% " Has em‘xs Fig. 14 is a perspective view
showi ng a nDdlflcatl ” “ arranged with respect to a narrowed
openi ng; Fig. |ve vigw showi ng a cylinder provided at

a distal end thereof wth a shomer Fig. 16 is a vertical
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Fig. 17 is a_vertical sectional de el evation view
production. Alternatlvely, the resin foam may be extruded
through a cap, to thereby be obtained in the form of a continuous
rod of,a sﬁitaple sectional configuration corresponding to a
configuration of the cap. In this instance, a plurality of the
rod-like resin foams which have been extruded or is being foamed
are combined with each other to provide a continuous rod-like
product of an increased thickness.

Further, an air-permeable cylinder in place of the
forming mold A may be arranged in front of the narrowed opening
la, so that a plurality of foam products extruded through the
cylinder are joined in parallel to each other by means of an
adhesive. Alternatively, the resin foams are joined together
immediately after the formation, resulting in being adhered
together by means of moisture on the surface. Thus, a single
continuous resin foam may be provided.

The present invention is not limited to foaming by
extrusion through an injection molding machine or the like. TFor
example, the present invention may be conveniently applied to
foaming practiced according to a procedure wherein the air-
permeable foaming mold A is arranged in a closed heating vessel,
a predetermined amount of biodegradable resin containing a water
repellent material is charged in the forming mold A, heated water
vapor is introduced into the heating vessel and then a pressure
in the heating vessel is reduced. Also, in the present
invention, the step of foaming the biodegradable resin and the
step of subjecting the foamed resin to formation may be carried
out separately.

Now, embodiments of an apparatus of the present
invention which is featured in a pressure adjusting mechanism
arranged in a forming mold A and embodiments of a method of the
present invention practiced by means of the apparatus of such a
featured structure will be described hereinafter.

Referring first to Fig. 21, an embodiment of an

apparatus of the present invention is illustrated. In an



general ly showi ng an exanpl e of an apparatus suitable for use for
practicing yet another enbodi nent of a nmethod for producing a bi odegradabl e

resin foam according to the present invention; Figs. 18(a) and
18(b) each are a schematic sectional view show ng each of steps of the
met hod of Fig. 17, Fig. 19 is ajgrspective view show ng another

enbodi nent of a blodegradable resin foam according to the present
i nventi onapparatus ofj ghe2dliysgrobed embodémentnalitsidedesdvabilenthpntwa

showi ng aﬂaﬁﬁéﬁé‘&'é{:eﬁ%g 0h 9905hﬁszeasanphepegvaaedaaeal&ﬁ&uaawbb@hl e for
use for practicin e nethod of Fig 9; Is a_vertical
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appar at usth@rnpodecingia btﬁﬁlﬂgé@dab| eneeshprboam apenidinyat othbenpresent
i nvention |deF§Igva%|on |em1ihomnng an essenti al
t s

part of a%%th%rpﬁﬁgﬁﬁ?ﬁéﬁteg?lﬁﬁeépﬁé 8F 8 Sdué %§-a bi odegradabl e

resin foam accor difigwi{ othbeappaesentsi afeALlgon2l will be substantially
described in connection with differences between the apparatus of
Fig. 21 and that shown in Fig. 1. The apparatus of Fig. 21
includes a chamber 5 arranged at a distal end of an injection
machine S so as to act as a pressure adjusting chamber. In the
illustrated embodiment, the chamber 5 is constituted by a mold of
a so-called injection molding machine and includes a fixed mold
part 3 formed with a cavity 31 communicating with the narrowed
opening la and a movable mold part 4 formed with a core 41. The
fixed mold part 3 and movable mold part 4 are mounted on a fixed-
side mold plate 40A of a mold clamp mechanism 40 and a movable-
side mold plate 40B thereof, respectively. The cavity 31 is
formed into, for example, a rectangular shape and cooperatés with
the core 41 likewise formed into a rectangular shape to provide a
forming space R, in which an air-permeable forming mold A is
arranged.

In the illustrated embodiment, the forming space R for
the forming mold A is formed into a rectangular configuration
having a L-shape in section as a corner angle and the forming
space R is fixedly positioned by means of a positioning rod 30
arranged in the chamber 5. However, the forming space R for the
forming mold A is limited to any specific configuration.
Therefore, a plurality of such forming molds A different in
configuration which are previously prepared may be suitably
replaced with each other as desired. In the illustrated
embodiment, the chamber and mold clamp mechanism 40 are open to
an ambient atmosphere.

The chamber 5 has a pressure reducing pipe L1 connected
thereto, which is provided in the middle thereof with a pressure
reducing valve V. and then connected through the pressure

1

reducing valve Vl to a pressure reducing tank Tl' The pressure
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Fig. 23 is a timng chart showing a timng of each of injection,
evacuation and pressure reduction in operation of the apparatus of Fig.

22; Fig. 24 is a side elevation view showing an essential part

of a further enbodi nent of an apparatus for producing a biodegradable
resin foamaccording to the present invgption; Fig. 25 is a side
el evati on view showi ng an essential part of still another enbodi nent of an
appar at useder 1pg obdekng; als b beleg? et ked eEhar ¢ bant apTo? IR T ehibng

present b@ﬂﬁnﬁipn ;The pressure reducing tank T, is reduced in pressure to
a predetermined level near, for example, a vacuum and is adapted
to communicate with the chamber 5 when the pressure reducing
valve 61 is opgn. The pressure reducing tank Tl is required to
have a volume sufficient to permit a pressure in the chamber 5 to
be rapidly reduced when it communicates with the chamber 5. The
remaining part of the apparatus of the illustrated embodiment may
be constructed in substantially the same manner as the apparatus
shown in Fig. 1.

Now, formation of a biodegradable resin foam by means of
the apparatus of the illustrated embodiment will be described
hereinafter with reference to Fig. 21.

First, the chamber 5 is clamped by the mold clamp
mechanism 40 and closed while keeping an inner space thereof at,
for example, an atmospheric pressure. Biodegradable resin
fluidized as previously described is injected at a stretch from a
cylinder 1 through the narrowed opening la into the forming mold
A. After the injection, the pressure reducing valve Vl is
rendered open to communicate the pressure reducing tank Tl with
the chamber 5, to thereby rapidly reduce a pressure in the
chamber 5 to a gauge pressure of, for example, about 750 mmHg.
This causes moisture trapped in the biodegradable resin to be
instantaneocusly vaporized to foam the resin. The resultant water
vapor is caused to be discharged at a stretch through pores of
the forming mold A to the pressure reducing tank Tl'
Concurrently, expansion force due to vaporization of the water
vapor is exerted in the biodegradable resin, however, an
outermost portion of the resin is kept contacted with the forming
space R defined by the cavity 31 and core 41, resulting in being
regulated by a configuration of the space R. Thus, a
biodegradable resin foam of a predetermined configuration is
provided.

Then, the pressure reducing valve V1 is closed to
interrupt communication between the pressure reducing tank Tl and

the chamber 5 and then a screw 2 is retracted while being
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- 16- Fig. 26 is a timng chart showng a timng of each of
I njection, evacuation and pressure reduction ’fﬂsﬂ@e‘?f{%tﬂeo of the apparatus

of Fig. 25; Fig. 27 is a side elevati an essenti al
part of yet another enbodi ment of an appar at usIﬂM ﬂma a

bi odegradabl e resin foam according to the pres [ I N Fig.
28 is a side elevation view showi ng an essential part of even_another
enbodi mefetdtedhn APparat ¥Biehr the og%?-ﬂ@l&g bPBdé‘ggﬁﬂ‘é‘b?’ét rekpdegpagable
accordi ngedonthe P5ESEOtedNYRNEhONAternal spa&dof 26hé ScPl shdler el eyétipdq
view Showing Slaessenti sl patedh SeSthl! sLALLNE uRTROGIERL PLufllzeq,

resulting in being ready for the next operation. Concurrently,

the pressu;e rgducing pump Pl is actuated to reduce a pressure in
the pressure reducing tank Tl to the initial level again, during
which the biodegradable resin foam in the forming mold A is
allowed to be cooled and solidified. Then, the movable mold part
4 is moved away from the fixed mold part 3 to open the forming
mold A, so that the biodegradable resin foam may be removed from
the mold A, followed by re-clamping of the mold A for the next
operation.

The apparatus of the illustrated embodiment may be
modified in such a manner that the chamber acting as the pressure
adjusting chamber may have an eﬁacuation valve connected thereto,
as shown in Fig. 22. More particularly, an apparatus of Fig. 22
includes an evacuation pipe L2 connected between a pressure
reducing valve V1 of a pressure reducing pipe Ll connected to a
chamber 5 or pressure adjusting chamber 5 and the chamber 5. The
evacuation pipe L2 is provided in the middle thereof with an
evacuation valve Vz and the evacuation pipe L2 is exposed at an
outlet thereof to an atmospheric pressure. The remaining part of
the apparatus of Fig. 22 may be constructed in substantially the
same manner as the apparatus of Fig. 21.

When the evacuation valve V2, as shown in Fig. 23, is
rendered open in the course of injection of biodegradable resin
into a forming mold A by means of an injection machine S to
expose an interior of the chamber 5 to an atmospheric pressure.
After the injection, the evacuation valve VZ is closed and the
pressure reducing valve V1 is open to permit the pressure

reducing tank T, to communicate with the chamber 5, resulting in

a pressure in tie chamber being rapidly reduced. A timing at
which the evacuation valve V2 is rendered open may be set between
starting of the injection and termination thereof, therefore, the
timing is not limited to any specific setting. It is determined

depending on various factors such as a configuration of the



a bi odegradabl e resin foam according to the present invention;

Fig. 30 is a side elevation view show ng an essential part of a yet further
enbodi ment of an apparatus for producing a bi odegradabl e resin foam
according to the present invention; Fig. 31 is a verti cal
sectional side elevation vieM/shomAng amsessential part of a yet _further

enbodi nent Qf an parat us for uci degradabl e resir foam
accordirrﬁﬁrfnénﬁh@°gr%e2‘enta SF&n or? &' Habed % ga S GTE ey LR iiCh the
sectionablahdereueuatpmmswmemm&howmmgngnimg&emwaﬂ offarttheofb i@ e@t@id aliard her
enbodinent of an ;appar atys for producing a biodegradable resin foam

accordiﬁ& & tﬁe present Crivent i on; Fig. 33 is a vertica
sectional side eEevahEONOduéwcsmowmn@faﬁigsséﬂhlamepawmcabtannawmﬁd

enbodi ngqt gfenagta%%r ALY S kO nREQDYCI 'c%g ah R adeghadahll 83l of,0am
according t resent |nvent|o
however, the modification is not limited to such construction.

For example, the evacuation may be forcibly carried out under a
reduced pressure formed by means of the pressure reducing pump Pl
or the like. In the apparatus shown in Fig. 21, resistance to
the injection may be reduced by delaying a timing at which access
between the fixed mold part 3 and the movable mold part 4 is
carried out in a state that air is somewhat accessible to the-
mold by means of an actuation mechanism 44 of the mold clamp
mechanism 40, tightly clamping the forming mold concurrently with
termination of injection of the biodegradable resin into the
forming mold, and then opening the pressure reducing valve Vl'
Such construction requires control for carrying out association
between actuation of the actuation mechanism 44 of thé mold clamp
mechanism 40 and operation of the pressure reducing valve Vl’ as
well as a controller therefor. This may be applied to additional
embodiments of the present invention described hereinafter which
is operated under pressure and is not provided with the
evacuation valve V2

Figs. 24 and 25 each show another embodiment of an
apparatus of the present invention, which is generally
constructed in such a manner that a chamber has a compressor
connected thereto. More particularly, in the embodiment of Fig.
24, a chamber 5 acting as a pressure adjusting chamber has a

pressurizing pipe L, connected thereto, which is provided in the

middle thereof with3a pressuring valve V3 and connected through
the pressuring valve V3 to a compressor C. The pressurizing
valve V3 is open at the time when or before injection of
biodegradable resin into a forming mold A by means of an
injection machine S is started, to thereby pressurize the chamber
5 through the compressor C. After the injection, the

pressurizing valve V3 is closed to interrupt pressurization of
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Figs. 34 to 36 each are a vertical sectional side elevation view show ng
anot her enbodi mrent of an apparatus for producing aTbiSGEheg{aad&Qh{gplgcgdsi n foam

according to the present invention which is construcft ermt a
pressure in an atnosphere in a space of a formng I Eww and
permts such pressure reduction to be acc lished ina e.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Now, the present
i nvent i onthel Fhpebdesér tbequBbr ectinhtdpnwieth thef capsessort ke 28c@npanyi ng

drawi Ngs. pressure reducing valve V1 is open to permit a pressure reducing
tank T1 to communicate with the chamber 5 to rapidly reduce a
pressure in the chamber. The remaining part of the embodiment of
Fig. 22 may be:constructed in substantially the same manner as
the apparatus éhown in Fig. 21.

_ Pressurization of the chamber 5 is carried out to obtain

a pressure higher than a saturated water vapor pressure at a -
temperature at which the biodegradable resin is injected through
a narrowed opening la into a forming mold A. For example, the
pressure may be about 10 kg/cm2 when the injection takes place at
170°C. When the chamber 5 has the compressor { rather than a
pressuring tank T3 connected thereto through the pressurizing
valve V3 as described hereinafter, the pressurizing valve V3 may
be kept open without being controlled or the pressurizing valve

V, may be eliminated. - o

> In the embodiment of Fig. 25, a chamber 5 acting as a
pressure adjusting chamber has a pressurizing pipe L3 connected
thereto, which is provided in the middle thereof with a
pressuring valve V3 and connected through the pressuring valve V3
to a compressor C. The pressurizing valve V3, as shown in Fig.
26, 1is rendered open at the time when injection of biodegradable
resin into a forming mold A by means of an injection machine S 1is
started, to thereby pressurize the chamber 5 through the
compressor C. In the course of the injection, the pressurizing
valve V3 i1s closed to interrupt pressurization of the chamber 5
through the compressor C and an evacuation valve V2 is open,
resulting in the chamber 5 being exposed to an atmospheric
pressure. After the injection, the evacuation valve V2 is closed
and a pressure reducing valve Vl is open to permit a pressure

reducing tank T, to communicate with the chamber 5 to rapidly

reduce a pressuie in the chamber 5. The remaining part of the
embodiment of Fig. 25 may be constructed in substantially the
same manner as the apparatus shown in Fig. 22.

In addition, the apparatus of Fig. 21 may be constructed

as in an embodiment shown in each of Figs. 27 and 28, wherein a



-17- The follow ng description of the present invention wll be
made first on a bi odegradable resin foam according to the present invention
and then on a nethod for producing a biodegradable resin foamtogether with
an apparatus therefor. Then, an apparatus for producing a bi odegradabl e
resin foamfeatured in a nmechanismfor asiusting a pressure in a tormng
nol d and a nethod for producing_ a biodegradable resin foam practiced using

the appaPIEFSuhiel Rdg¢stdler CheRPeEuMPfer, PISSSITdrdrgs T3R8 & ORBERGEY or
produci ngharkitedegMadablpa ritagiul afragm eachhef ewbodimestcofsFigct @d,sa as to
permit a Yoliie " e tillae 020G b2 elsutd e Bt e hstott! hal s
pressufizing pipe L3 connected thereto, which is provided in the
middle théfeof:with a pressurizing valve V3 and connected wvia the
pressuring valve V3 to a pressuring tank T3, which is then
connected to a compressor C. The pressuring valve V3 is kept
open at the time when or before injection of biodegradable resin
into a forming mold A by means of an injection machine S is
started to permit the pressurizing tank T3 to communicate with
the chamber 5, to thereby rapidly pressurize the chamber 5.
After the injection, the pressurizing valve V3 is closed to
interrupt communication between the tank T3 and the chamber 5 and
a pressure reducing valve Vl is rendered open to carry out
communication between a pressure reducing tank 'l‘l and the chamber
5 to rapidly reduce a pressure in the chamber 5. The remaining
part of the apparatus of Fig. 27 may be constructed in
substantially the same manner as the apparatus of Fig. 21.°
In the embodiment of Fig. 28, a chamber 5 functioning as
a pressure adjusting chamber has a pressurizing pipe L3 connected
thereto, which is provided in the middle thereof with a
pressurizing valve V3 and connected through the pressuring valve
V3 to a pressuring tank T3, which is then connected to a
compressor C. The pressurizing tank T3 is permitted to
communicate with the chamber 5 at the time when or before
injection of biodegradable resin into a forming mold A by means
of an injection machine S is started, to thereby rapidly
pressurize the chamber 5. In the course of the injection, the
pressurizing valve V3 is closed to interrupt communication
between the tank T3 and the chamber 5 and an evacuation valve V2
is rendered open to expose the chamber 5 to an atmospheric
pressure. After the injection, the evacuation valve V2 is closed
and a pressure reducing valve Vl is rendered open, to thereby
carry out communication between a pressure reducing tank Tl and
the chamber 5, resulting in rapidly reducing a pressure in the

chamber 5. The remaining part of the apparatus of Fig. 28 may be
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The present invention is directed to a bi odegradable resin foam which is
general |y designated at reference character Bin Figs. 2 and 3. The

bi odegradabl e resin foam B is produced by foam ng bi odegradabl e resin by
means of expansion force due to vaporization of noisture. The bi odegradabl e
resin consists of a first biodegradabl ecresin ingredient of 100C.or nore in
nmelting point (hereinafter also referred to as "nain bi odegradable resin

i ngr edi ANyt zyet ed sk ohwb $f delete bidabt ke rezie nagpenliantthd AR tlC of

l ess in ting point (hereinafter also referred to as "low nelting

bi odegradabl e resin_ingredient"). The term "bi odegradabl e resin”
used herein indi GRERTELIRESHN nel &1 Whi ch §4F ey ARRRA e Hhyl &n

propertifpaurdd ¢ bid ofi €adnacidm@ih suehi bi pdeas adabl ead esigad owldides
resin of h@}t’mhat_it per %gjris fujlé/]dcéigco oc:%’dmand esin of the type
that it 9% BIGret o 140 TP REIP TS 1 AT oSt M (THE ] PEYaR1 ng
provi dechsMd hproegiadkat 4 diu or inperdhasbe rThend eisi netoifcH hen air-permeable
forming mold A is arranged. The chamber 5 has a pressure reducing
pipe Ll and a pressurizing pipe L3 connected thereto. The
pressure reducing pipe Ll is connected thereto a pressure
reducing tank 'l‘l for rapid pressure reduction and the
pressurizing pipe L3 is connected thereto a compressor C. The
pressure reducing pipe Ll is provided in the middle thereof with
a pressure reducing valve Vl‘ An evacuation pipe L2 is connected
to a portion of the pressure reducing pipe Ll between the
pressure reducing valve V1 and the chamber 5 and provided in the
middle thereof with an evacuation valve VZ' The evacuation pipe
L2 is open on an optlet side thereof to an ambient atmosphere.
Actuation of the compressor C for pressurization and operation of
each of the evacuation valve V2 and pressure reducing valve Vl
are controlled by a valve controller 8. Reference character S
designates an injection machine for injecting, into a forming
mold A, fluidized biodegradable resin in a heated and pressurized
state in which moisture is trapped.

The pressurizing pipe L3 is provided in the course
thereof with a pressuring valve V3, which is operated in
association with ON-OFF operation of the - compressor C.
Altermnatively, operation of the pressurizing valve V3 may be
carried out directly through the valve controller 8, so that the
pressurizing valve V3 may be eliminated. Also, the pressurizing
valve V3 may be left open without being controlled.

In general, a valve has a directional property in a
passage thereof. Therefore, when the chamber 5 is concurrently
provided with the pressuring valve V3 and the pressure reducing
valve Vl or evacuation valve V2 as shown in Fig. 29, a valve free
of any directional property is required to be used as each of the
valves Vl to V3. Alternatively, it is required that arrangement
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former type includes products by m crobes, products of natural

hi gh-nol ecul ar substances, products of petroleum materials and the |ike and
that of the latter type includes blends with starch, blends with aliphatic

pol yesters and the |ike. Biodegradation of the biodegradable resin includes
bi odegradati on by an enzyme such as |ipasg,_anyl ase, cellulase, protease or
the like, that by mcrobes in active sludge or the like, that by soil in a

natural ewfi tdenwval vegchsasargiedt owt att itwataslvaraedy afd adte thske.

More partigedlatly zathenPlaadegradabie reiu ding udes

The valve controller 8 comprises a timer operated on the
basis 'of, for example, the time when injection of biodegradable
resin lntdathe:forming mold A is started and is adapted to
control operation of each of the valves according to a timing
chart shown in Fig. 26. Foe example, when a start button is
turned on to start injection of the biodegradable resin into the
forming mold A by means of the injection machine S, the
pressurizing valve V3 previously kept open is further kept open
for a predetermined period of time set by the timer, during which

the pressuring valve V_, is rendered open and the compressor C

kept turned on causes i pressure in the chamber 5 to be
increased. This results in the biodegradable resin injected into
the forming mold A being maintained pressurized through pores of
the air-permeable forming mold A, so that moisture is positively
trapped in the biodegradable resin.

Then, the pressurizing valve V3 is closed before
completion of the injection and concurrently the compressor C is
turned off, resulting in actuation of the compressor for
pressurization being interrupted, and the evacuation valve V2 is
kept open for a predetermined period of time. This causes the
bicdegradable resin being injected under pressure to be open to
an ambient atmosphere in the course of the injection, leading to
a reduction in injection resistance, so that the biodegradable
resin may be spread throughout the forming model A. A timing at
which the pressurizing valve V3 is closed and concurrently the
compressor C is turned off to open the evacuation valve V2 is not
necessarily definitely determined and is suitably adjusted
depending on a configuration of the forming mold A, a volume of
the chamber 5, a degree of the pressurization and evacuation, and
the like.

After completion of the injection, the evacuation valve
V2 is closed and concurrently the pressure reducing valve Vl is
kept open for a predetermined period of time. Thus, after the

injection, the pressure reducing tank ‘1‘l is permitted to
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-18- pol yhydroxy butyric acid and derivatives thereof, pullulan, a

cel l ul ose-chitosan m xture, an ester conpound of cellul ose, anylose or wood
neal , a pol yester-nylon copolynmer, and a bl end of starch and pol yet hyl ene,
as well as polyvinyl alcohol, polyether, polyurethane,, polyam de and the
like. Such materials substantially have_gglow nelting point and ace readily
deconposed in the presence of water. The first biodegradable resin
i ngr edi eRPEBRN10AEEON1kBr £h6r chaMReRi Sd&Gr Z4RBHA Yr Esdnciengr ddiessUTwhiloh ai s

commer ci ablyiAayakbabkeri gl vdesrbepliAgSabdquader ThRt ebsBi'ts( HaIMIL &gl

tradenark%angg]yh Ehe bggggérgg %%g Egggihkﬁﬁngabigﬁrliiﬁagt a stretch
to fofg a biodegradable resin foam. Then, the pressure reducing
valve Vl is clgsed after a predetermined period of time elapses.

The remaining part of the illustrated embodiment may be
constructed in substantially the same manner as the apparatus
described above with reference to Fig. 1. -

Fig. 30 shows still another embodiment of an apparatus
of the present invention, which is constructed in substantially
the same manner as the apparatus of Fig. 29 except that a
pressuring tank T3 is arranged between a pressurizing valve V3
and a compressor C.

The embodiment shown in each of Figs. 29 and 30 may be
so constructed that the valve controller 8 controls so as to open
the evacuation valve V2 in the course of injection of the
biodegradable resin into the forming mold A by means of the
injection machine 8, and close the evacuation vaive V2 and open
the pressure reducing valve Vl after the injection without
arrangement of the compressor C, pressurizing tank 'I'2 and
pressurizing valve V2.

Also, the embodiment shown in each of Figs. 29 and 30
may be so constructed that the valve controller 8 controls so as
to open the pressuring valve V3 at the time when or before
injection of the biodegradable resin into the forming model A by
means of the injection machine S is started, and close the
pressuring valve V3 and open the pressure reducing valve Vl after
the injection.

Fig. 31 shows yet another embodiment of an apparatus of
the present invention, wherein a chamber 5 is arranged so as to
surround both a forming mold A and a mold clamp mechanism 40.

The chamber 5 has a side plate 35 arranged so as to face an
injection machine S, which side plate may be used as a mold
plate.

Fig. 32 shows even another embodiment of an apparatus of

the present invention, wherein a chamber 5 is arranged so as to

This Sheet Has Been R

T




The resin was devel oped by Novanont bel onging to a Mntedison group, Italy
and is said to be a thernopl astic bi odegradabl e pol yner conpri sing
derivatives froma plurality of agricultural products such as starch and
the.li ke and denatured pol yvinyl alcohol wherein the derivatives and

al cohol get into each other at a noleculsar I evel, to thereby bonded to each
ot her by hydrogen bonding. Also, it is said that the biodegradable resin is
swol | en ﬂ%%r?%n%b%of%¥mbﬂgo$°h%l%tﬁ?% digtdiedi hBEP n2 proWRBtaus 49 PR REr 2bF
bei ng pr&mot £0f i k&d L Hed €byaexhs bj tréQLbEt:atﬁlglﬂM Yhé heoxs@mpemw@gp@ﬂabsll ty
as paper |n an_envi ronpe m cr obes n

t addj ti
TVeCor e L e TE Rl nbb ket hET S € PREEb S RO CRETS e St &P S8hBbund
of cel | ubpsghamyotel Dhie€our $ec usesh sisr ddrei dn r 3¢ rivl odeq riaadd gr adsh he

g e el RV P AT P BOLPt - o FOPLELL] oL PLEr ond Mob U L pce

the bio egrad e resin m 1Se 0 e resin
i ngr edi etite of o@D £rm¢ 13t ok ¢msc1nannb1@rt5 rﬁghen the resin foam is

complicated in configuration.

Fig. 33 shows a still further embodiment of an apparatus
of the present invention, wherein a chamber 5 is arranged so as
to surround a forming mold A and fixedly mounted through a side
plate 35A thereof on a fixed-side mold plate 40A and through a
side plate 35B thereof opposite to the side plate 35A on a
movable-side mold plate 40B, resulting in providing a dual-type
mold clamp mechanism. The remaining part of each of the
embodiments of Figs. 31 to 33 may be constructed in substantially
the same manner as the apparatus of Fig. 29.

In each of the embodiments described above, the chamber
5 may be provided with a pressure gauge for suitably detecting
whether a pressure in the chamber 5 is at an appropriate level.
Also, the embodiments each may be so constructed that in order to
prevent excessive pressurization of the chamber 5 during the
pressurization, the chamber 5 is provided with a ﬁressure Sensor
and a flow-rate varying valve is used as the pressuring valve V3,
to thereby to control a flow rate through the valve V3 when the
pressure sensor detects that a pressure in the chamber 5 exceeds
a predetermined level.

Also, in each of the embodiments, a plurality of the

pressure reducing tanks T, and pressuring tank T3 may be arranged

so as to be successively ;lternately used for the purpose of
permitting the apparatus of the present invention to produce the
biodegradable resin foam B while exhibiting improved
productivity. More particularly, communication of the pressure
reducing tank Tl and/or pressuring tank T3 with the chamber 5
causes a pressure in the chamber 5 to be varied, so that
production of the next biodegradable resin foam B requires to

return the pressure to its original level. However, the pressure
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poi nt” or main biodegradable resin ingredient, to thereby elimnate addition
of the second bi odegradabl e ingredient of 100[err] CTd)fSShﬁﬁ&sb&nlﬁgAI;[cL(pg

poi nt or | ow nelting biodegradable resin ingredient [ naft er
t hereto. The | ow nel ti ng bi odegradabl e resi ﬂ] ﬂﬂﬂ%ven when
any cavity or void occurs in the biodegradable resin du on of

t he bi odegradable resin_into a foam functions to permt walls of cells of

the foam 19 uGHes ePEBPeBh2BENEPRRECRHBER G2UPBsi BRELOF nof nelRe cdBRing
i nventi onyhi® €x&npre€ssure is returned to the original state to be

increased, leading to an increase in waiting period. The above-
described alternate use of a plurality of the pressure reducing
tanks &l dﬁd/og pressurizing tanks T3 permits one of the tanks to
be returned to the original state during operation of another
tank, to thereby eliminate the waiting period, so that production
of the biodegradable resin foam may be carried out rapidly and in
a repeated manner. '

In production of the biodegradable resin foam B, the
biodegradable resin may consist of a first biodegradable resin
ingredient of 100°C or more in melting point and a second
biodegradable resin ingredient having a melting point of 100°C or
less. The first biodegradable resin ingredient may comprise
polycaprolactone or a material containing it. The biodegradable
resin may have polyhydric alcohols and derivatives thereof added
thereto.

The method and apparatus of the present invention may be
constructed so as to permit pressure reduction in the forming
space R to be instantaneously accomplished and the pressure
reduction to be carried out in a large scale or volume, resulting
in improving quality of the biodegradable resin foam B.

Fig. 34 shows an additional embodiment of an apparatus
of the present invention which is constructed so as to accomplish
such an object. More particularly, an apparatus of the
illustrated embodiment includes a forming mold A arranged forward
of an injection machine S. The forming mold A includes a fixed
mold part 3 formed with a cavity 31 communicating with a narrowed
opening la and a movable mold part 4 formed with a core 41. The
fixed mold part 3 and movable mold part 4 are mounted on a fixed-
side mold plate 40A of a mold operating mechanism for the forming
mold A and a movable-side mold plate 40B thereof, respectively.
The cavity 31 is formed into, for example, a rectangular shape
and cooperates with the core 41 to define a forming space R in
the forming mold A. The fixed mold part 3 is provided with an

inlet port 81, communication holes 82 for releasing airtightness



-19- pol ycaprol actone or a material containing pol ycaprol actone may be

preferably used for the I ownelting biodegradable resin ingredient.

| ow- nel ti ng bi odegradabl e resin ingredient which may be comerci al

Such a
ly

avai l abl e includes resin sold under a tradenane "Tone" from N ppon Uni car
Kabushi ki Kai sha, Japan. The commerci allsy_availabl e resin "Tone" conprises
pol ycprol actone which is aliphatic pol yester chen1ca|| synthesi zed and is
of the fqﬁlt@%c6%5%sm$|%na@?p% and an O-rhpgo83j fornBopddBEnairriEhtnens.-
t he blodegradablerm@Sf@r@aagh@y@caoky@ﬂdfm@ ﬁb@@b@gsmandlgrldefi atiyes

t her eof added thh reto, as desarmold Pgrglggéar 9L¥30$§1 aPre erably

the fixe mov

added closed
clamped together by means of the mold operating mechanism
forming mold Aj The mold operating mechanism permits the
mold part 4 to take a released position Ol’ an airtightly

position 02, an airtightness released position O3 and the

are
of the
movable

closed

released position 0l in turn. The mold operating mechanism

includes tie bars 42 and 43 for guiding the fixed-side mold plate

40A and movable-side mold plate 40B so as to permit the fixed

mold part 3 and movable mold part 4 to access to each other while

being opposite to each other and an actuation mechanism 44 for

accessibly actuating the movable mold part 4.

Now, production of a biodegradable resin foam by

means

of the apparatus of Fig. 34 constructed as described above will

be describe hereinafter.
First, the forming mold A is clamped by means of

the

mold operating mechanism to close the forming space R while

keeping a pressure in the space R at a level of, for example, an

atmospheric pressure. Then, a hopper 11 is fed with particles 10

formed of moisture and biodegradable resin. The particles 10 are

then forwardly forcibly transferred in a cylinder 1 by means of a

screw 2, during which the particles 10 are heated to a

temperature near a softening point of the particles 10 or

a

melting point thereof by shearing force due to rotation of the

screw 2 and heat applied thereto through the cylinder 1 from a

heater 13, resulting in being collected in an inner space
cylinder 1 defined on a side of a distal end of the screw
cylinder 1 while being fluidized. The inner space of the

cylinder 1 is under heated and pressurized conditions, so

of the
in the

that

moisture contained in the particles 10 is kept forcibly trapped

in therein without evaporating therefrom.

Then, rotation of the screw 2 is stopped and a piston 23

in an injection cylinder 22 is driven to advance the screw 2, so

that the fluidized biodegradable resin may be injected at

a

stretch from the cylinder 1 through the narrowed opening la and
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to the resin. Addition of polyhydric alcohols or the derivatives pernits
noi sture in the biodegradable resin to be increased in boiling point, so
that the noisture functions also as a plasticizer. A so, the polyhydric

al cohol s and the derivatives per se each also act as a plasticizer, so that
the cells of the foamed bi odegradabl e rggin nmay be rendered conpact and

uni form_ The pol yhydric al cohols and derivatives include glycerin,

pol yet hyl Rt 91l 8 antnt het e o TRiRE PGt veshA i 1RF cblie injectionp phans

for permdddume MUBd Ward o ber cofd ad dyadh A PE RSt 1d Méhe bi ©dgek adabl e
resinis not limted to an peci fic nmeans. For exanpl e, sui t abl e anmount
of noi stakeE FFRF RS HriesA ?i QRﬁ&Eﬂ?ﬂxPjrF??ﬁP$%s§ﬂ£Wh PRPFERSIRE t he
bi odegr attdH a4 186 isd rhd DaHNF i dHramabe Al tey nedp Ml y, redyd &d 1 £at ment
step is reosvsi deed_g-oor Pfévngfté a asunilta Ieerflcrmurnt ofrenniglgéjreht be
positiv l—y COLHi al neaa IfN” parti cl e% Otf ?sf’l% resi np ﬁ?%l’ nart | VEH%I, ?St ure nay
be char gethnunix dtopperhdlogget8ier am tthat moisture trapped in the fluidized

biodegradable resin is instantaneously vaporized to foam the

resin and then outwardly discharged in the from of water vapor -

through ﬁhe communication holes 82. At this time, expansion

force due to formation of the water vapor is exerted in the

foamed biodegradable resin, however, an outermost portion of the

foamed resin is regulated by the forming space R defined by the

cavity 31 and core 41, so that a biodegradable resin foam of a

predetermined configuration may be produced.

Then, the screw 2 is retracted while being rotated,
during which the next biodegradable resin fluidized is collected
in the inner space of the cylinder defined on the side of the
distal end of the screw 2 for the next operation. During the
period, the biodegradable resin foam formed in the forming space
R is allowed to be cooled and solidified, thus, actuation of the
mold operating mechanism permits the movable mold part 4 to be
moved to the released position 0l for removal of the resin foam B
and then returned to the airtightly closed position O2 for the
next operation.

Fig. 35 shows a yet further embodiment of an apparatus
of the present invention, which is constructed in substantially
the same manner as the apparatus shown in Fig. 34, except that an
injection machine S is eliminated and a heating means 9 is
provided for heating a forming mold A. The heating means 9
comprises, for example, a heater 91 arranged outside a fixed mold
part 3. Reference numeral 92 designates a power supply for
heating.

Now, production of a biodegradable resin foam by means
of the apparatus shown in each of Figs. 34 and 35.

First, the movable mold part 4 of the forming mold A is

moved to the released position Ol by means of the mold operating
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bi odegradabl e resin directly or through a kneader. Thus, it will be noted
that feeding of the biodegradable resin and noisture is not limted to any
speci fic manner. Al so, addition of a fine particle-like hygroscopic

mat eri al having noi sture previously absorbed therein such as, for exanple,
talc or silica to the biodegradable ressa—as in the peIIets for foam ng

perm ts a foarysl}law e(;1el Itsh S éf araea thsuin I f.q acte% q_% RLQ qQvi ded,

because nD|sture e fine par 00d conpat b||ﬁ%y and
di sper siformiingh srp@s:ped‘t died’ infed lhyoctélgerada?blte' r3é-S|amda$0(r@m§dr @agd then

actuation of the mold operating mechanism causes the movable mold
part E;;o be moved to the airtightly closed position 02 to keep
the forming spgce R airtight. Under such conditions, the forming
mold A is heated by the heating means 9 to cause the
biodegradable resin to be fluidized. The forming space R is in a
heated and pressurized state, to thereby prevent moisture
contained in the biodegradable resin from being vaporized,
resulting in being forcibly trapped in the resin. Then, the
movable mold part is moved to the airtightness released position
O3 through the mold operating mechanism to reduce a.pressure-in
the forming space R to a level of an atmospheric pressure through
the communication holes 82, so that moisture trapped in the
biodegradable resin may be instantaneously vaporized to foam the
resin by expansion force due to vaporization of moisture and the
resultant water vapor is outwardly discharged from the forming
space R through the communication holes 82,'resulting in a’
biodegradable resin foam of a desired configuration being
produced in the forming space R. The resin foam is allowed to be
cooled and solidified and then the movable mold part 4 is moved
to the released position Ol through actuation of the mold
operating mechanism, followed by removal of the resin foam
therefrom. The above-described procedure is repeated for the
next operation.

Referring now to Fig. 36, even another embodiment of an
apparatus of the present invention is illustrated. 1In Fig. 36,
reference numeral 5 designates a chamber, which is constituted by
a mold M of a so-called injection molding machine and includes a
fixed mold part my formed with a cavity communicating with a
narrowed opening la and a movable mold part m,. The fixed mold
part L and movable mold part m, are mounted on a fixed-side mold
plate 40A of a mold clamp mechanism and a movable-side mold plate
40B thereof, respectively. The cavity is formed into a
rectangular shape and more particularly a rectangular

parallelepiped shape, resulting in forming an inner chamber in

This Sheet Has Been Rep

T



-20- with noisture directly added thereto and noisture in the fine
particles contributes to foamng of the resin while originating fromthe
fine particles. The bi odegradabl e resin foam B of the present

i nvention is produced by foam ng the biodegradable resin kept fluidized by
heating and pressuring by neans of expaggion force due to vaporization of
noi sture contained therein., At this tinme, the resultant foaned resin is
reducedthe coagdedt dre iilo VRicdy @n G rapsrmerddrEedrreshy itafori zati on of the

NDi st ur @orTRspondynes tlohe nemifd riiiedegicada g sr @girAnigdar.edi ent or first
bi odegradabl e regin 119redient hQ B3 49 ¥®9LP3534U%8 4T U B9 RO T,y
thereof is
of pores which permit water vapor to pass through as in the
forminé mold A:described above and may be made of a sintered
metal-material such as foamed metal sintered and formed, a
sintered ceramic material such as ceramic sintered to which a
void forming filler is added, or the like. Alternatively, it may
be formed of a wire mesh, a punched metal plate formed with a
number of holes or the like. The press die N is divided into an
upper die part n, and a lower die part N, which are adapted to
be movable between a foaming position 04 and a pressing position
O6 through access mechanisms 60a and 60b, respectively.
The chamber 5 is tightly closed when the fixed mold part

M. and movable mold part m, of the mold M are clamped together

t;rough the mold clamp mecianism. The chamber and mold clamp
mechanism may be arranged while being exposed to an atmospheric
pressure. The chamber 5 has a pressure reducing pipe L1
connected thereto, which is provided in the middle thereof with a
pressure reducing valve Vl and connected to a pressure reducing
pump Pl through the pressure reducing valve Vl' A pressure
reducing tank may be connected between the pressure reducing
valve V1 and the pressure reducing pump Pl as required.

Now, production of a biodegradable resin foam by means
of the apparatus shown in Fig. 36 will be described hereinafter.

First, the pressure reducing valve Vl is closed to
render the chamber 5 airtight and the upper and lower die parts
n, and n, of the press die N are positioned at the foaming

Then, biodegradable resin fluidized or melted is

pisition 04.
injected through the narrowed opening la into the press die N.
Then, the pressure reducing valve Vl is open to reduce a pressure
in the chamber 5, so that moisture trapped in the resin is
instantaneously evaporated or vaporized to foam the resin and the
resultant water vapor is outwardly discharged through the pores
of the press die N and pressure reducing valve Vl' At this time,

expansion force due to vaporization of the water vapor is exerted
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100[err] C or nore, whereas the | ow nelting biodegradable resin ingredi ent
or second bi odegradable resin ingredient is kept from being solidified
because its nelting point is 100[err]c or less; so that the latter

i ngredi ent acts as an adhesive with respect to the former ingredient. Thus,
even when any cavity and/or void occur -ign-t he foamed resin during the

formation, | 1.s, between cells of the foamed resin_are substantiall

adher ed b WO HIHRET 98B0 hait o THbe HOUELY Buabf eV EETROTbaRVE hY B the

provi dedced ith satkesfacteyaqued iwyth an inner Vienfidde &of odegrmdads edteN N

starting el of §gludhe,blodsoradaple resin {oam B of Lo present

I nventi on conpri Ses noi sture, e bi odegradable restn and a er repellent

mat er i alqonthiguga ron epll tentpmeterdd Mmit nohstoaning bes preve dUsl y

cont ai negk &y oy Adees £ | Nenbi Aeor agab! £oyesidye fplloved bynghargipg.fhe

starting material into an injection nolding nachi ne, becaukse the 2

bi odegr R¥f % disith 3% praR Urited Heatihgprgwsing position Oy by
means of the access mechanisms 60a and 60b, respectively,
resulting in the forming space R being reduced in volume, so that
the foamed resin may be compressed as compared with the initial
foamed state. Thus, any cavity and/or void occurring in the
foamed resin in the initial foaming stage are extinguished due to
the compression, thus, a biliodegradable resin foam exhibiting
satisfactory quality is provided. Reduction of the forming space
R after the foaming should be carried out under the condition
that moisture still remains in the forming space R; because cells
of the foamed resin are hard to adhere to each other when cooling
and solidification of the foamed resin are substantially
advanced, resulting in the space R being substantially free of
water vapor.

The above-described construction of the apparatus of
Fig. 36 may be incorporated in the apparatus of each of Figs. 34
and 35. The apparatus of Fig. 34 may be constructed so as to
move the movable mold part 4 of the forming mold A in an order of
the released position Ol’ the airtightly closed position 02, the
airtightness released position 03, the pressing position and the
released position 0l ;ather than in an order of the released
position 01. the airtightly closed position 02, the airtightness
released position 02 and the released position 01. In the
illustrated embodiments, the airtightly closed position O2 and
pressing position O5 are substantially the same.

Thus, after the forming, the movable mold part 4 of the
forming mold A is rapidly moved to the pressing position 05 by
means of the mold operating mechanism to reduce a volume of the
forming space R, so that the biodegradable resin foam is formed
while being kept compressed as compared with a volume thereof

obtained in the initial foaming stage. This permits any cavity
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pressurizing condition in the presence of the water repellent material and
substantial noisture. The water repellent material may include silicone
conpounds, fluorine conmpounds, waxes, polynmers of a higher fatty acid and
the like. In the illustrated enbodiment, a commercially available materi al
whi ch is manufactured by Kabushi ki Kalsh% Slgna Gjutu KenkyUJo and sold
from Tonen Kabushi ki Kai sha under a tradenane 'Signa coat" and mainly
consi sts axid pot yneid ofcurhigheinathphinitiati floamingaxessenyo bee used as

the matereff%%%i&%&yr@&fﬁﬁ@ﬁisf@@lt&@”tﬁ%régf provide the biodegradable

resin foam with improved quality. Also, the forming space R is
rendered open through the communication holes 82 to a pressure
reducea atﬁospyere such as, for example, an ambient atmosphere
after  the movable mold part 4 is moved to the airtightness
released position 03, so that it may be instantaneocusly reduced
in pressure in bulk, to thereby prevent softening and collapsing
of the resin foam due to re-adhesion of moisture thereto,.
resulting in ensuring satisfactory quality of the resin foam.

Also, the illustrated embodiment may be so constructed
that the movable mold part 4 of the forming mold A takes the
airtightness released position 03, pressing position 05 and
released position 0l and is moved to the released position O1
airtightness released position 03, pressing position 05 and
released position 0l in order. Such construction permits the
fluidized and water-trapped biodegradable resin in a heated and
pressurized state to be injected into the forming mold A through
the inlet port 81 by means of the injection machine S at the
airtightness released position O3 to which the movable mold part
4 has been moved by means of the mold operating mechanism. At
this time, the forming space R is permitted to communicate with
an ambient atmosphere through the communication holes 82,
resulting in being released from pressure, so that expansion
force due to vaporization of moisture contained in the resin
leads to formation of the biodegradable resin foam. Immediately
after the foaming, actuation of the mold operating mechanism
permits the movable mold part 4 to be rapidly moved to the
pressing position 05 to reduce a volume of the forming space R,
so that formation of the biodegradable resin foam may be carried
out while keeping the product compressed. Thus, it will be noted
that such injection of the biodegradable resin into the forming
space R at the airtightness released position O3 exhibits the
same function and advantage as described above.

The above-described construction of the illustrated

embodiment may be incorporated in the apparatus shown in Fig. 35.
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-21- water repellent material to the biodegradable resin nmay be carried
out, for exanple, by diluting the water repellent material ("Signa Coat")
with water and then heating it to forman enul sion, followed by addition of
the emul sion thereto. This permits the water repellent material and

moi sture to be concurrently added to the QI odegr adabl e resin.
Al ternatively, addition of the water rep IIent material to the
bi odegr adkibi €, mdeenenit anftl thatmotambe stetd paet et oofrayhbef cemingdmold A
separ at e'déépe‘;&fc{”ﬁec% %eﬂos rUBS rlPQQEs LPecHRt£514 ERpLL gPiqgat eri al

may be a egra e Tesi
mechanism upon the foaming causes a decrease in volume of the

formlng_space R, resulting in the biodegradable resin foam B
being proﬁidediwhile compressed. After the foam product B is
cooled, to thereby be solidified, the movable mold part 4 is
moved to the released position Ol by means of the mold operating
mechanism, followed by removal of the resin foam B from the -
forming mold A. Such construction exhibits the same function and
advantage as described above.

As can be seen from the foregoing, the biodegradable
resin foam of the present invention comprises a combination of
the main biodegradable resin ingredient or first biodegradable
resin ingredient having a melting point of 100°C or more and the
low-melting biodegradable resin ingredient or second
biodegradable resin ingredient having a melting point of 100°C or
less. Thus, in the resin foam, the second biodegradable resin
ingredient is kept from being immediately solidified, to thereby
function as an adhesive with respect to the first biodegradable
resin ingredient. Thus, even when any cavity and/or void are
generated in the foamed biodegradable resin, cells of the foamed
resin are permitted to adhere to each other, resulting in the
biodegradable resin foam being provided with satisfactory
quality.

In particular, when the second biodegradable resin
ingredient is selected from the group consisting of
polycaprolactone and a material containing polycaprolactone, the
function of the second biodegradable resin ingredient as an
adhesive is significantly enhanced. Also, when the biodegradable
resin has polyhydric alcohols and derivatives thereof added
thereto, moisture in the biodegradable resin is increased in
boiling point, resulting in functioning alsoc as a plasticizer, so
that cells of the foamed biodegradable resin are rendered dense
and uniform.

In the method of the present invention, the

biodegradable resin fluidized due to an increase in temperature
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contai ning noisture. The bi odegradable resin foam B of the present
invention thus fornmed is not limted to an applicati Offipd egﬁs%eh’ﬁn} n

material. It nay be directed to various applications s ace
insulating material, a sound insulating material and ;’Eg mm#
conventional foamed styrol material. _g3_ Now, a cing a
bi odegradabl e resin foam according to the present invention wll be

descri betdharaaf nef teaPidbyatterasid £ zom ppiratied and trpgesyoizede for
practi cidig, {dhmd Bt had. chdidyetinddte ARPad-alimsddd | {nde descdihate Middbie

reference to Fig. 1. The - aratus includes a cylinder 1 forned
into a JREFENE RS 7 i TRAT S li‘:eonf‘g‘ip LS ch PRI ORA ‘gn an upper
porti on cfnfai duedt g1, SeRdu N rdieynfe Widt fidepped tiHe fOTod et dd 10 a

bi odegradabl e resin start] ng nat. rial for a resin foam_ theret hrougb into
Che cyl iRI™ 12 THETSAT Hhets P4 540 Rfay fder’ preseure,’rectiing '

being in the form of liquid in the cylinder, so that releasing of
the resin from the heated and pressurized environment in the
cylinder causes the moisture to be instantaneously vaporized, -
leading to foaming of the resin. The resultant water vapor is
outwardly discharged through the air-permeable forming mold, to
thereby be prevented from adhering to the formed resin foam.

The atmosphere in which the forming mold is placed may
be kept decreased in pressure or ventilated after extrusion of
the fluidized biodegradable resin into the mold is started or
since a stage before the extrusion is started. This prevents
moisture from remaining in the form of steam in the forming mold
or being condensed on a surface of thg biodegradable resin foam
due to a decrease in temperature after vaporization and expansion
of the moisture, resulting in the resin foam being provided with
satisfactory uniformity.

In the method of the present invention, extrusion of the
fluidized biodegradable resin intoc the mold may be carried out
while placing the nozzle arranged with respect to the narrowed
opening in the depths of the forming mold at the time when
operation of the nozzle is started and retracting the nozzle
relative to the forming mold during extrusion of the _
biodegradable resin. Such construction permits the biodegradable
resin to be charged in the forming mold in order from the side of
the depths of the mold, resulting in a different between a timing
at which the resin is spread throughout the forming mold and a
timing of foaming of the resin being minimized or substantially
eliminated, to thereby substantially prevent cells of the foamed
biodegradable resin from being collapsed.

In the method of the present invention, extrusion of the
fluidized biodegradable resin into the forming mold may be

carried out while keeping an atmosphere in the forming mold



di stal end thereof with a narrowed opening la and provided on around a
peri phery thereof with a heater 13. The cylinder 1 is provided
therein with a screw 2 in a manner to extend in a |longitudinal direction
thereof and be in proximty to an inner surface thereof. The screw 2 is so
arranged that a rear end thereof is outwardly projected through an opening
formed at a rear end of the cylinder 1 ané connected to a front porticn of
a hydr aul ipg essuariz2d fdor ing dthengxathasdomewnd2 2 Pre sispdreadini ¢ heotadmozbhiese

nount ed oRpa t&l%arfoeqlrlwgorﬁmtﬂa%%@f peWirlapia 1R $EAR Y atREh clofipileitddR % ¢

received in an injection
the extrusion.

In the method of the present invention, extrusion of the
fluidized Biodegradable resin into the forming mold may be
carried out by injecting the biodegradable resin into the forming
mold while keeping the resin atomized. This permits not only the
biodegradable resin to be spread throughout the forming mold but
the atomized biodegradable resin to be effectively foamed,
followed by integration of cells of the foamed resin
substantially without being collapsed, to thereby provide the
biodegradable resin foam with increased uniformity.

In the method of the present invention, the
biodegradable resin starting material may comprise the
biodegradable resin, moisture and water repellent material. The
starting material of such composition ensures desired foaming of
the biodegradable resin and permits it to be finely and uniformly
foamed.

Also, the water repellent material may comprise a
material which is not fully evaporated when the biodegradable
resin is released from the heated and pressurized environment.
Such a material includes a natural fatty acid polymer. Use of
the polymer as the water repellent material permits it to cover
cells of the foamed biodegradable resin to provide it with water
repellent propérties, to thereby prevent the cells from being
collapsed due to contact with water.

In the method of the present invention,
the step of forming the foamed biodegradable resin into a shape
depending on a configuration of the forming mold may be carried
out by forming the whole biodegradable resin into an integrated
configuration. This permits the biodegradable resin foam to be
formed into a relative large volume or any desired configuration.

The apparatus of the present invention is so constructed
that the pressure adjusting chamber is constructed in an openable
and sealable manner, the air-permeable forming mold is arranged

in the pressure adjusting chamber, the pressure reducing tank is
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-22- cylinder 22, so that the piston 23, hydraulic motor 21 and screw 2 are
hydraul ically nnved integrally with each other in the |ongitudinal
direction of the cylinder 1 and the screw 2 is rotated by the hydraulic

not or 21. Thus, an injection nachine S which is a so-called in-
line screw type injection nolding machinggsdis constructed. The injection

apparatus S is provided at a distal end section %hereof wth_an
alr-pern%%bP%CFﬁgnfﬂgtﬁﬁlBrﬂﬁsﬁﬁ?cﬁdﬂHEFbaés PPREJtROFAPHALY Zef8Ffea

Wth a cprééyusd CANBHAI ﬁﬁébﬂ@rw admwelﬂgrtnmdeepeahagtﬂ;a ahjkbeiewl i nder

1 and a EQXEPLS gglg Qﬁéeé 1nJect1ng, into the forming mold, fluidized
biodegradable resin placed in a heated and pressurized
enviro;meﬂf ang having moisture trapped therein. Such
construction of the apparatus permits the pressure reducing tank
to communicate with the pressure adjusting chamber after
injection of the resin into the forming mold, so that water vapor
in the forming mold may be effectively outwardly discharged, to
thereby eliminate retention of moisture in the forming mold.
Thus, the apparatus of the present invention provides the
biodegradable resin foam with a desired configuration and uniform
quality.

In the apparatus of the present invention, the pressure
adjusting chamber may have the evacuation valve conneéted
thereto. Thus, when the pressure adjusting chamber is rendered
open to an ambient atmosphere in the course of injection of the
biodegradable resin, resistance to injection of the resin intb
the forming mold arranged in the chamber is reduced because the
forming mold is air-permeable, so that the injection may be
facilitated. Thus, the injection machine is prevented from being
large-sized.

In the apparatus of the present invention, the pressure
adjusting chamber may have a compressor connected thereto. Such
construction permits injection of the biodegradable resin into
the forming mold by means of the injection is carried out while
keeping moisture positively trapped in the resin because
actuation of the compressor causes the pressure adjusting chamber
to be pressurized. Then, operation of the evacuation valve
results in the pressure adjusting chamber being released from
pressurization, leading to a decrease in injection resistance, so
that the biodegradable resin may be spread throughout the forming
mold.

In the apparatus of the present invention, the pressure
adjusting chamber may have a pressurizing tank connected thereto.

Thus, the pressure adjusting chamber is rapidly pressurized at an
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with a core 41. |In the illustrated enbodinent, the cavity 31 is forned
into a configuration |ike a substantially triangular pyramd and the core
41 is formed into a triangular pyramd-|i ke shape corresponding to the
cavity 31 but smaller by a thickness of a forned product or resin foamB
(Fig. 3) than the cavity 31. The fixed gnd novable nold parts 3 and 4 thus
constructed are clanped together, to thereby define a space of a trihedral
struct URBPBPPTARER EAREBEsHPPACEBeaP&OfREFRAAPEAI BRSED eachCoPReiniected
resul ti pgebneREO¥behnggSkHenda fornmed product or biodegradable resin foam
product shown in_Fi rence nuneral 40, desi ﬂgtes a nold

El amp mehant sm APr SRGeAPPAZ25HBi AL FOR AFERSERe-FEFREAG: not BeAVSHRE ch

nmechani éentnel Ldesmayt be harandddand 48, tandoapratt opéoit techafi shed4d for

o acccBE eRb fobaBre il 42 B4t G052 PREN PRon for e pAr B kP L e kEBi ng

bot h paatsuapposi € tbeeachpoebeor, so that the pressure adjusting
chamber may be controlled to pressurization, evacuation or
pressure reduction in association with a timing of injection of.
the biodegradable resin into the forming mold by means of the
injection machine.

In the apparatus of the present invention, the valve
controller may be arranged so as to control operation of the
pressure reducing valve, operation of the evacuation valve and
actuation of the pressurizing valve, so that the pressure
adjusting chamber may be controlled to pressurization, evacuation
or pressure reduction in association with a timing of the
injection.

In the apparatus of the present invention, the valve
controller may be arranged so as to contrecl operation of each of
the pressure reducing valve and evacuation valve, so that the
pressure adjusting chamber may be controlled to evacuation or
pressure reduction in association with a timing of the injection.

In the apparatus of the present invention, the wvalve
controller may be arranged so as to control operation of each of
the pressure reducing valve and pressurizing valve, so that the
pressure adjusting chamber may be controlled to pressurization or
pressure reduction in association with a timing of the injection.

While preferred embodiments of the invention have been
described with a certain degree of particularity with reference
to the drawings, obvious modifications and variations are
possible in light of the above teachings. It is therefore to be
understood that within the scope of the appended claims, the
invention may be practiced otherwise than as specifically

described.
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The formng nold Ais made of a porous material having a nunber of pores or
hol es forned therein while being arranged in a net-like manner so as to
comuni cate an interior of the mold A with an exgﬁ{gor t hereof. Such a

porous material includes a foaned netal material, hoia Replacedr j al nade
by sintering nmetal, ceramc or the like jo which % I e of
i jecting a

formng the material with voids is addetf,” a mater

W re megh.aimsgeunched netal plate or the like to pressing and | am nating

and the like. The formng, nold A.my be readily de, . for anp.

form ng a single pun «r&“%ﬁgaﬁa%baltee 15519 apoam (éT)a iaae G BE é&ra&’Xble
resin by expansion force due to vaporization of moisture caused

by rapidly releasing fluidized biodegradable resin which is in a
heated and bressurized environment and in which the moisture is
trapped;

said biodegradable resin comprising a combination of a
first biodegradable resin ingredient having a melting point of
100°C or more and a second biodegradable resin ingredient having
a melting point of 100°C or less.

2. A biodegradable resin foam (B) as defined in Claim
1, characterized in that said second biodegradable resin
ingredient is selected from the group consisting of
polycaprolactone and a material containing polycaprolactone.

3. A biodegradable resin foam (B) as defined in Claim 1
or 2, characterized in that said biodegradable resin has a
substance selected from the group consisting of polyhydric
alcohols and derivatives thereof added thereto.

4. A method for producing a bicdegradable resin foam
comprising the steps of:

charging a biodegradable resin starting material
containing biodegradable resin in a cylinder (1) formed at a
front portion thereof with a narrowed opening (la);

raising a temperature of the biodegradable resin to
render the biodegradable resin fluidized while forcibly
transferring the biodegradable resin starting material toward the
narrowed opening in the cylinder;

extruding the fluidized biodegradable resin from the
cylinder into an air-permeable forming mold (A) arranged in front
of the cylinder to rapidly release the biodegradable resin from a
heated and pressurized environment in the cylinder to foam the
biodegradable resin; and

forming the foamed biodegradable resin into a shape
depending on a configuration of the forming mold.

5. A method as defined in Claim 4, characterized in

that an atmosphere in which the forming mold is placed is kept

AN RO



-23- predeterm ned configuration. In this case, an increase in size of
pores of the porous material |leads to an increase in efficiency of exhaust
of water vapor and efficiency of ventilation, however, an excessive

i ncrease in size of the pores causes roughness due to the pores to appear
on a surface of the foaned resin afterséoaning of the resin. Thus, the
pores of the porous material should be”Set to a size which pernits a
surfacedeéré@sede$hnpfeasure be peotillatedi $ hncavat siteges befdnbdl stéoting

appl i Caék"@:? FQs Y0y Cthéﬁ gi’ﬁ‘léf Qéi\rﬁ%ﬁg%;\?@&éﬁlé”?é’s{‘&i{‘Htéeéhétance to
permeation of"arr hrou om ber ng
formlng mold or 51nce starting of the extrusion.

6. A method as defined in Claim 4 or 5, characterized
in that thé'step of extruding the fluidized biodegradable resin
into the forming mold is carried out while placing a nozzle (12)
arranged with respect to said narrowed opening in the depths of
the forming mold at the time of starting of the nozzle and
retracting the nozzle relative to the forming mold during
extrusion of the biodegradable resin.

7. A method as defined in Claim 4 or 6, characterized
in that the step of extruding the fluidized biodegradable resin
into the forming mold is carried out while keeping an atmosphere
in the forming mold pressurized during the extrusion and rapidly
reducing a pressure in the atmosphere in the forming mold after
completion of the extrusion.

8. A method as defined in any one of Claims 4 to 7,
characterized in that the step of extruding the fluidized -
biodegradable resin into the forming mold is carried out by
injecting the biodegradable resin into the forming mold while
keeping the resin atomized.

9. A method as defined in any one of Claims 4 to 8,
characterized in that the biodegradable resin starting material
comprises moisture and said biodegradable resin.

10. A method as defined in any one of Claims 4 to 8,
characterized in that the biodegradable resin starting material
comprises said biodegradable resin and a hygroscopic fine-
particle material having moisture absorbed therein and added to
said biodegradable resin.

11. A method as defined in any one of Claims 4 to 8,
characterized in that the biodegradable resin starting material
comprises moisture, said biodegradable resin and a water
repellent material.

12. A method as defined in any one of Claims 4 to 11,
characterized in that the step of forming the foamed
biodegradable resin into a shape depending on a configuration of

W i



excessively increased. In view of the above, a punched netal plate is
suitable for use as the porous material for the formng nold A because it
permts a dianmeter of the pores, the nunber thereof and a pitch thereof and
the. like to be readily set and is sinplified in structure. The
formng nold A and nold clanmp nechaniggégo are arranged in a chanber 5 of
an airtight structure acting as a pressdre adjusting chanber. The chanber 5
i ncl udeshe fakhingi meddt édsacraeaieduphd&cdyofformdnig xbe mblodepart 3 of the

mol d A nggggg aaphdedouihh;acdogh (AYbg3aReR) oo %QQgQaWH'%P the resin foam

made of ['e resin Is renove The cha has a pressure
reduci ng pi pe L[ é8r] éomﬁébpédaﬁhéﬁéﬂﬁedwhpcﬁnwsOpﬁo@ﬁdéda%ﬂﬁh4afpwé§hure

reduci nghﬁi‘h&@e?fﬁ%éﬁ] iaN¢naenpaet sqohgg%aaca%a%urr%s&%d E%h&&x%%@p Pl de
through the valve {err]. Al so, the chamnber has an at nospheric pressure

rel easi R§ogppgE2dpR P]r@éﬁﬁe&?€639H8P§tBaV%ﬁEcﬁ relting @ednk of 490°C or
at mosphgbreé BhESaUkecbaliedsoRegraliue1¥| eeklinf @hgredient having a melting

point of 100°C or less.

14, A method as defined in Claim 13, characterized in-
that the second biodegradable resin ingredient is selected from
the group consisting of polycaprolactone and a material
containing it.

15. A method as defined in any one of Claims 4 to 14,
characterized in that the biodegradable resin has a substance
selected from the group consisting of polyhydric alcohols and
derivatives thereof added thereto.

16. An apparatus for producing a biodegradable resin
foam, comprising:

a pressure adjusting chamber (5) constructed in a ﬁanner
to be capable of being opened and closed hermetically;

an air-permeable forming mold (A) arranged in said
pressure adjusting chamber;

a pressure reducing tank (T, ) connected to said pressure
adjusting chamber to rapidly reduce a pressure in said pressure
adjusting chamber; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized environment and having moisture trapped therein.

17. An apparatus as defined in Claim 16, characterized
in that said pressure adjusting chamber has an evacuation valve
(V:) connected thereto.

18. An apparatus as defined in Claim 16 or 17,
characterized in that said pressure adjusting chamber has a
compressor (C) connected thereto.

19. An apparatus as defined in Claim 16 or 17,
characterized in that said pressure adjusting chamber has a
pressurizing tank (T;) connected thereto.
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rel easing a pressure in the chanmber froma reduced pressure state to an

at nospheri c pressure. Now, a nethod for produci ng a bi odegradabl e
resin foamaccording to the present invention practiced using the apparatus
constructed as descri bed above will be described hereinafter.

First, the formng nold A is clanped thgygugh the mold clanp nechanist 40
and the pressure reducing valve V[err] Is closed to keep the chanber 5 at
an at nospheric pr2@surdn FpparabyssfennPrpauripg a biedegragpdle 171esinfed

Wi th biQﬂ%&ana9$§ri§§£&: particles 10 in which noisture is contained,
whi ch are t hen .
a pressure adjusting chamber (5) constructed in a manner

to be capable of being opened and closed hermetically:;

an air-permeable forming mold (A) arranged in said
pressure adjusting chamber;

a pressure reducing tank (T, ) connected through a
pressure reducing valve (V,) to said pressure adjusting chamber -
to rapidly reduce a pressure in said pressure adjusting chamber;

an evacuation valve (V.) connected to said pressure
adjusting chamber;

a compressor (C) connected to said pressure adjusting
chamber;

a valve controller (8) for controlling operation of each
of said valves; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized environment and having moisture trapped therein;

said valve controller initiating actuation of said
compressor before or at the time when injection of the
biodegradable resin into said forming mocld by said injection
machine is started, carrying out termination of actuation of said
compressor and opening of said evacuation valve in the course of
the injection, and carrying out closing of said evacuation valve
and opening of said pressure reducing valve after the injection.

21. An apparatus for producing a biodegradable resin
foam, comprising: .

a pressure adjusting chamber (5) constructed in a manner
to be capable of being opened and closed hermetically;

an air-permeable forming mold (A) arranged in said
pressure adjusting chamber;

a pressure reducing tank (T, ) connected through a
pressure reducing valve (V,) to said pressure adjusting chamber
to rapidly reduce a pressure in said pressure adjusting chamber;

an evacuation valve (V.) connected to said pressure

adjusting chamber;

This Sheet Has Been Replaced

(T —




-24 - forcedly forwardly transferred in the cylinder | by neans of the
screw 2. The bi odegradable resin particles 10 are increased in tenperature
to a level of a softening point of the resin or nelting point thereof by
shearing force due to rotation of the screw 2 and heating applied thereto
fromthe heater 13, resulting in being-fjuidized in an inner space of the
cylinder 1 defined onea gistgl epd sigﬁagfcthe gﬁrgm/ﬁt h At this
tinme, the inner sPaRESBFUFhBELIRG| FRRE, sCRBBECHEA ERTARan pRessuri zed, so
that noistessucbningnedlie {(Vg)btodegidadpbeesuesi adpastinteshdfbes; kept
trapped in the flgiggfgg controller (8) for controlling operation of each
of said wvalves; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized environment and having moisture trapped therein:;

said valve controller opening said pressurizing valve
before or at the time when injection of the biodegradable resin
into said forming mold by said injection machine is started,
carrying out closing of said pressurizing valve and opening of
said evacuation ‘valve in the course of the injection, and
carrying out closing of said evacuation valve and opening of said
pressure reducing valve after the injection.

22. An apparatus for producing a biodegradable resin
foam, comprising:

a pressure adjustihg chamber (5) constructed in a manner
to be cabable of being opened and closed hermetically;

an air-permeable forming mold (A) arranged in said
pressure adjusting chamber;

a pressure reducing tank (T, ) connected through a
pressure reducing valve (V,) to said pressure adjusting chamber
to rapidly reduce a pressure in said pressure adjusting chamber;

an evacuation valve (V.) connected to said pressure
adjusting chamber;

a valve controller (8) for controlling operation of each
of said valves; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized environment and having moisture trapped therein;

said valve controller opening said evacuation valve in
the course of injection of the biodegradable resin into said
forming mold by said injection machine and carrying out closing
of said evacuation valve and opening of said pressure reducing
valve after the injection.

23. An apparatus for producing a biodegradable resin

L L LT T




bi odegradabl e resin without evaporating therefrom Then, rotation of the
screw 2 is stopped and then the piston 23 in the injection cylinder 22 is
actuated to forwardly nove the screw as shown in Fig. 2(a), resulting in

t he. bi odegradabl e resin fluidized being injected through the narrowed
opening la into a formng space R defingd in the formng nold A at a
stretch. Thi s causes the bi odegradable resin in the heated and
pressur fean, scamprig§ipg:rapi dly exposed to an atnospheric pressure, so that

noi sture trappedat BeegsirEB¥adastingachandaws|y )vapasitzeeteieadi R0 ener
foam ng of the resin. Vaporization of the npisture causes expan5|on force

to occurtPnb?hEaBPBA§gP§d§SP89rQQPHEdH6%€v€F°S§ﬁ 8erBeidSRLlidrt i on of the

resin is contactag wltchpalirmleab@é Formiag ebldheaAhoarragged dnAsaiasul ting
in bein re ulateg % a con%%ggratlon of each of the cavity 31 and core 41,
to ther BSSEREGi A8I8EEANY 6 §Fadabl e resin foam product B as shown in
Fig. 3 which is ahekkegsureegedukinotamit. (T, ) connected through a

pressure reducing valve (V;) to said pressure adjusting chamber
to rapidly reduce a pressure in said pressure adjusting chamber;

a pressurizing tank (T;) connected through a
pressurizing valve (V;) to said pressure adjusting chamber;

a valve controller (8) for controlling operation of each
of said wvalves; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized environment and having moisture trapped therein;

said valve controller opening said pressurizing valve
before or at the time when injection of the biodegradable resin
into said forming mold by said injection machine is started and
carrying out closing of said pressurizing valve and opening of
said evacuation valve after the injection.

24. An apparatus as defined in any one of Claims 16 to
23, characterized in that said injection machine includes a
cylinder (1) having a narrowed opening (la) formed at a front
portion thereof;

a forcible transfer mechanism (2, 21, 22, 23) for
forcibly transferring a biodegradable resin starting material
containing biodegradable resin and charged in said cylinder and
raising a temperature of the biodegradable resin, to thereby
fluidize it and extruding the fluidized biodegradable resin
through said narrowed opening into said forming mold; and

an access mechanism (40) for reciprocating said narrowed
opening and forming mold relative to each other and retracting
said narrowed opening relative to said forming mold during
injection of the fluidized biodegradable resin through said
narrowed opening into said forming mold.
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In the foam ng, the noisture is decreased in tenperature after the

vapori zati on and expansion, resulting in drifting inside and outside the
formng nold Ain a steamstate or condensing on a surface of each of the
form.ng nold A and foam product due to contact therewith, so that the

noi sture tends to formwater droplets. Inynger to avoid formation_.of water
droplets, the pressure reducing valve V1 is open immedi ately after
extrusion of the bi odegradabl ABBEBAGT| BF oTHReDIBERPABREDI d A as shown in
Fig. 2(b), to therelQy. edigs: Wmﬁéég ddawhadieped ot @ UGS aming of

pressure of, for exanple, about 750 . _ )
biodegradable resin to be positively and uniformly accomplished

to provide a biodegradable resin foam (B) with satisfactory
quality. The biodegradable resin foam is made of biodegradable
resin consisting of a main biodegradable resin ingredient of
100°C or more in melting point and a low-melting biodegradable
resin ingredient of 100°C or less in melting point. The
‘bicdegradable resin foam is produced by placing a starting
material consisting of at least biodegradable resin and a
substantial amount of moisture in a heated and pressurized
environment, releasing the starting material from the environment
to foam the biodegradable resin, and subjecting the foamed resin
to forming by means of a forming mold (A). An apparatus for
producing the foamed biodegradable resin foam includes a pressure
adjusting chamber (5), an air-permeable forming mold (A), a

pressure reducing tank (Tl) and an injection machine (S).
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-25-.evacuation through the pressure reducing punp P[err]. During the
evacuation, water vapor is partially sucked in the pressure reducing pipe
L[err] prior to formation of water droplets. Al so, npoisture which tends to
fornmwater droplets on the surface of each of the formng nold A and resin
form product B due to condensation is |ikew se renoved by evacuati on under
a reduced pressure. . FO||OMAH%/§ acuation under a reduced pressure
for a predetermned period of tine 2ressure reduci ng valve V1 is

cl osed and the atnospheric pressure.releasing valve V[err] is open,
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so that air is introduced through the atnospheric pressure rel easing pipe
into the chanber 5 to return the chanber to an atnospheric pressure.

L{err]
the screw 2 is retracted while being rotated as shown in Fig. 2(c),

Then,
‘resulting in the next biodegradable resin fluidized starting to collect in

the inner space of the cylinder 1 on the side of the distal end of the
i ch cooling and solidification of

screw 2 fcr the next injection, duri

t he bi odegradabl e resinEfaa?gprod ct the form ng space R of the
formng nold A is conpléEtdd. .Tﬁb&ﬁ ter, the formng nold Ais rendered
open to renove the formed bi odegradable resin form product B therefrom

foll owed by being clanped for the nekt5 érjati on. The form ng nol d
rt thereof of a porous

A, as described above, is forne K\d/%?
or of the nol and an interior thereof to

mat erial which permts an exter
communi cate with each other, tqythereby be pfovided with air-perneability,
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resulting in a pressure of gas generated in the forming nold A due to
expansi on of noisture being effectively escaped to the exterior of the nold
A. This not only effectively prevents the gas pressure fromcoll apsing the
resw tant bi odegradabl e resin foam but decreases a pressure in the chanber
5 due to evacuation to forcibly renoyve noisture contributing foam ng of the
resin fromthe chanber 5, to thereby3 the resin foam from bei ng
contacted with the noisture. Thus, cél of the resin foam are
substantially prevented fronlbeing col  apsed, resulting satisfactory cells
being uniformy distributed over the resultant

FIG. 3
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-26-.resin foam so that it may be effectively used as a uniform cushi oni ng
mat eri al . : Alternatively, the illustrated enbodi nent may be
constructed in such a manner that noisture is previously absorbed in a
hygroscopic fine-particle material, which is then dispersed in the

bi odegradabl e resin, to thereby provide the bi odegradable resin starting
the noisture is highly

"material for the resin foam I n thMgfgfstance,
uniformy dispersed in the bi odegradabl® resin fluidized which is extruded
fromthe injection nmachine S while being kept carried on the fine

particles, so that the

FIG. 5
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noisture permts the resin to be foaned while acting the fine particles as
an origin or center of the foam ng, resulting in foam ng of the resin being
rendered uni form The apparatus suitable for use for practicing
the method of the present invention may be constructed as shown in Fig. 4.
More particularly, an apparatus shown in Fig. 4 includes a chanber 5
divided into a novabl e-side part 51 ggr fi xed-side part 52, wherein the
novabl e-side part 51 is arranged so a 2? be novabl e together with the
novabl e nold part 4. Such construction permts the formng nold A and
chanmber 5 to be concurrently operated, to thereby facilitate renoval of the

bi odegradabl e resin foa fn | d A and chanber 5. Now, an
experinment nmade for ascefN arTRiag fungyi ons and advant ages of the present
invention will be described Hgrgin r. eri ment
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Bi odegradabl e resin foans were produced while varying a period of tine
bet ween starting of extrusion of the biodegradable resin through the
narrowed opening |a and starting of evacuation under- a reduced-pressure
(rel-ease | apse tine) and a period of tinme during ch evacuation was

carried out (pressure reduction ti rre) foll owed by Relflaq:che :
products. Conditions for Experinent An i nj machi ne

of Type PS60E12ASE manufactured by Ni ss%? Jushi Kog ai sha,
Japan was used as the inject 'lenﬁh' n7®)The i nj ection nol d| ng machi ne

3
N
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F1G. 7(c)
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had .a screw di ameter of 36 mm. an injection rate of 12.3 cnisec, an

I njection pressure of 1825 kgf/cm, a screw rotation speed of 0 to 190 rpm
at high torque and 0 to 250 rpmat |ow torque, and a back pressure of 60
kgf./-cnferr]. The experiiment was made under injection conditions that the
Injection rate, injection pressure, screw rotation speed, back pressure and
variable are set to be 98% 98% 90% 730% and 40 mm respectively.

The form ng nold A used was constructed formng a

This Sheet Has Been Rep

1

N

L

FIG 8

5

R A A NA L A L N T R N A VL WA WL A RN ALY

40 42 4 4] 3 3
™~ ]
N %

///,///
Nz

2N\

N
L NB

=t
1

52{Lb 1 \23. \@,63

. [ ~ -
LW WA L WU W WL WL W LN A VA W . W W AW W S WA W W W WA W L A W WA Y

endandontdeentnadni T T T T T T 7

SSSeSN

6r | A
Lo



punched netal wholly formed with holes of about 1.2 mmin dianeter and
having a thickness of 1.5 mminto a box-1ike shape (100 nm x 100 mm x 50
nm) by welding and the |ike. The chanber 5 was fornmed into a volunme 50 1 in
such a manner as shown in Fig. 4 and evacuated to a gauge pressure of 750
mrHg. Results of Experinent The results were as shown in Table 1

Table 1 Rel ease Lapse  Pressure Redu8té?? Vol une Density State

Time (sec) Tine (sec) (g/cc) 0
5 ' 635 0. 041 [err] 5 _ 0
454 0. 050 X 5 10 504
0.046 [err] 5 ' 20 - 502  0.046
[err] . - 5 . 30 526 0.043 [err]
5 120 531 0. 043 [err]
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608

0.042 In Table 1, X indicates

thét the resin foam exhi bited remarkabl e shrinkage, [err] indicates that

the resin foamwas forned with a | ot of voids,
f oamm was decreased in shrinkage,
substantially free of shrinkage.
that the chanber 5 was kept from bein
resulting in being kept at an at nosph

the results shown inFIapI

[err]
and [er] indicates t
The pressure reducti

& exacuat ed for
e{ﬁzﬁpressure.
14

shri nkage of the biodegragzbleewgggn to[ZF decr eased.
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i ndi cates that the
hat the foam was
on tinme "0" indicates
pressure reduction, '
be noted from
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- 28-- In the illustrated enbodinent, a timng of evacuation for
_pressure reduction in the chanber 5 may be set before, during or after
-extrusion of the bjodegradable resin via the narrowed opening la into the .
formng nold A Alternatively, the above- described pressure reduction due
to evacuation of an atnosphere surrounding the forning nold A may be
replaced with a neans shown in Fig. SJgﬁq% particularly, the formng nold
Ais located in a ventilating duct D havi'hg a fan f arranged therein, so
that noisture nmay be renoved froman interior of the formng nold A by
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actuation of the fan f, to thereby keep the resin foamfrom being contacted
with the noisture. Al t hough narrowed opening la is kept open and

t he hopper 11 of the cylinder 1 is also kept open, the cylinder 1 is kept
closed to a certain degree. - However, a decrease in degree of closing of
the cylinder 1 causes pressurization in the cylinder 1 to be insufficient,
so that there is a possibility that a]apﬁ??ionship bet ween a. softening .
point or nelting point of the biodegradabl’e resin and a boiling point ‘of

moi sture or water pressurized in the cylinder causes the noisture to be
partially vaporized, resulting in foam ng of the bi odegradable resin
occurring in the cylinder 1 prior to injection of -tthe resin into the
forming nold. Also, this tends to cause foanm ng of the biodegradable resin
extruded fromthe narrowed opening la while causing it to hang down from

t he narrowed opening | a. lnwgr %if such a problem it is preferable
that the illustrated N :
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enbodi nent is provided with a neans for increasing a degree of closing of
the scylinder 1. For this purpose, the narrowed opening |a nmay be provided
with a nozzle equipped with a shut-off valve. Alternatively, the hopper 11
for feeding the starting material to the cylindéer 1 may be constiucted so
as to be tightly closed. Also, the h per may be prOV|ded with a rotary
val ve. Further, foam ng of the biodeg e rest “#ﬂ%B% R%W@@r 1 prior
to the injection nay be restrai ned by dissol ving sol ute -
such as pol yethyl ene glycol in water and then addi nt sol ution
to the biodegradable resin to ncrease a 0| ng p0|nt o mater :

FIG.1
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- 29- When the hygroscopic fine particles described above is added

t o- t'he bi odegradabl e resin, production of the biodegradable resin foamB is
not limted to extrusion of the biodegradable resin fromthe injection
nmol di ng machi ne or injection machine S into the formng nmold A It may be
carried out in such a manner that the formng nold A in which the

bi odegr adabl e resin having the hygros& 2 fine-particle material
previously dispersed therein is charge S arranged in a closed heating
vessel and then the heating vessel is'fed with heated water vapor, followed

F1G. 14
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by. a- rapid decrease in pressure in the heating vessel. The hygroscopic
fine-particle material is not limted to a round powldery configuration. It
may be formed into a shape like a thin piece or a rod-1ike shape.

In the illustrated enbodinment, it is not necessarily required tc add the
hygroscopic fine-particle material to,}jhe biodegradable resin. The

bi odegradabl e resin may have water pr /y?gsly cont ai ned therein.

Al ternatively, biodegradable resin contal"ning equilibrium noisture under an
at nospheric pressure nmay be used for the present invention. Also, the

bi odegradabl e resin and noi sture or water nay be separately added to the

- hopper 1. In the illustrated enbodi nent, extrusion of the
flui di zed bi odegradable resin into the formng nold may be carried out
whil e placing a nozzle arranged with respect to the narrowed opening in
the depths of the formng nold at the tinme when operation of the nozzle is
started and retracting the nozzle
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relative to the forming nold during extrusion of the biodegradable resin.

Thi.s-may be carried out by neans of an apparatus constructed in such a

manner as shown in Fig. 6. The apparatus shown in Fig. 6 includes

an el ongated nozzle 16 connected to a narrowed opening la so as to

forwardly outwardly extend in a longitudinal direction of a cylinder 1. In

correspondence to arrangenent of the ntﬁzzz 16, a heatermﬁ h SBm’iRePlaced
u

arranged in the nozzle 12 as well as ar t he cylinder H& meed
nold part 3 of a forming nold Ais formed with a through

communicating with a cavity 31, so that the nozzle 12 may be inserted into
the fixed nold part 3 via the :
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-30-" t hrough- hol e 32. Al so, in the enbodi nent-of Fig. 6, the
formng nold A and a nold clanp nmechani sm 40 are supported on a carrier
base 6, which is noved on a guide rails 61 through wheels 62 and 63 nount ed
on a-lower surface thereof. The carrier base 6 is nounted on a rear end
thereof or a left-hand end thereon in Fig. 6 with a franme plate nenber 64,
"whi ch has a piston 66 connected theret /227as to forwardly extend
therefrom The piston 66 is arranged so"aS'to be reciprocated in a
hydraul i c cylinder 65. . :
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The hydraulic cylinder 65 is fixed on a suitable support (not shown) and
functions to apply a hydraulic pressure to the piston 66 to move the
carrier base 6. Thus, in the illustrated enbodi nent, the carrier base 6;
guide rails 61, wheels 63, franme plate nenber 64, hydraulic cylinder 65 and
pi ston 66 cooperate with each other to_provide an acce§b8$eﬂﬁaﬂmnmm ced
Al'ternatively, the illustrated enbodln% Zgay be so con

carrier base 6 may be freely noved by a péssure due to L

bi odegradabl e resin wi thout arrangenment of the hydraullc cy |n

pistcn 66. In this instance, an actuation control mnmechanism?7 |nclud|ng_an
el ectromagnet and E@ﬁLQg a1&%eld current adjustnent ‘section 71 connected
thereto is arrange he eel 6 o control a s of retraction of the

eillu ted efbodi nent may be

carrier base 6. The remaining p
as the enbodi mrent descri bed

constructed in substantially
above with reference to Fi g
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The manner of operation of the apparatus of Fig. 6 constructed as descri bed
above will be described hereinafter. The apparatus is adapted to extrude
fluidized bi odegradable resin into the formng nold while placing the
nozzl e arranged with respect to the narrowed opening in the depths of the
formng nold at the tinme when operati?g of the nozzle is started and
retracting the nozzle relative to the i ng nold during extrusion of the
bi odegr adabl e resin. More particCularly, the formng nold A is kept
cl anped and the carrier base 6 is positioned at a forward position so that
a distal end of the riozzle 12 arranged at the narrowed
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-31- -opening la is positioned in the depths of the form ng nold A Such

. arrangenent of the nozzle 12 may be attained through a stopper provided on,
" for exanple, the guide rail 61. Then, particles 10 of bi odegradable resin
and noisture are fed to a hopper 1 and forwardly forcibly transferred in
the cylinder 2 by neans of a SCFEM/Z,] ring which the biodegradable resin
particles 10 are increased in tenperatg¢r@7o a | evel near a softening point
of the resin or a nelting point thereof by

FIG. 23
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shearing force due to rotation of the screw 2 and heat applied thereto from
the heater 13. This results in the biodegradable resin being collected in
"an i nner space of, the cylinder 1 defined on a side of a distal end of the
screw 2 while being fluidized.- "At this tinme, the inner space of
the cylinder 1 is kept heated and pr urized, so that noisture contained

I n the biodegradable resin particles 9?9 kept trapped in the

bi odegradabl e resin w thout evaporating therefrom Then, rotation of the
screw 2 is stopped and a pisto 3.in i njection cylinder 22 is actuated
to advance the screw 2 as shoﬂ% fn(i}dfgﬂ(a), so that the fluidized

bi odegradabl e resin nay be injected fromthe cylinder 1 through the nozzle
12 into a form ng space R|r1the foriag nold A at a stretch. - This

causes the biodegradable re ¥on to be fapidly efposed}tg an atnospheri.c
pressure, so that nnlsg#§ |§ caused to
i nst.ant aneously evapora { 25 r5e% QIOA
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to fopamthe resin and the forming nold Ais retracted rearwardly or in a
left-hand direction in Fig. 7 by a hydraulic pressure of the hydraulic
“cylinder 65. This results in the biodegradabl e resin successively foaning
whi | e being extruded in order froma side of the depths of the form ng nold
A. A speed at which the fornmng nold |s retracted is adjusted by
hydraul i ¢ control of the hydraulic cy 65. An excessive increase in
speed of the form ng nold A causes _an exce55|ve anount of bi odegradabl e
resin to be extruded in an enpr nq§.se on of the form ng nold A |eading
to positionally non-uniform foaning of e resin; whereas an excessive
decrease in speed of the nold A causes ceIIs of blou@ggadable resi.n foaned
in the depths of the nold A %9P3
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-32--col |l apsed by bi odegradabl e resin extruded subsequently thereto. Thus,
it is desirable that a speed of retraction of the formng nold Ais

determ ned so as to pernit the biodegradable resin to be successively

. extruded in a suitable amount in turn froma side of the depths of the nold
A. Expansion force of water vapor ocepys in the biodegradable resin.
However, an outernost portion of the gradabl e resin is kept contacted

with the formng .
FIG. 28
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nold. A to thereby regulated by a configuration of a cavity 31 and the

wat er vapor is outwardly discharged through pores of the formng nold A so
that a biodegradable resin foamB integrally fornmed nay be obtai ned. Then,
the screw 2 is retracted while being rotated as shown in Fig. 7(c), during
whi ch col |l ection of the next biodegr ble resin fluidized in the inner
space of the cylinder 1 on the side ¢ distal end of the screw 2 starts
for the next injection. Concurrently, the biodegradable resin foam product
formed in the cavity 31 of t f ok m nold Ais allowed to be cool ed and
solidified, so that releasinge&ftghe rmng nold cl anpi ng by the

cl anp nechanism 40 permts the resin foam B to be{fenovéd Tjon1&he cavity
31, followed by clanping of the nold A for the next opefation. As
noted fromthe above, the illuU&rated eﬁﬁb [ onstru¢ted that the
nozzle 12 is initially pog%ﬂéo ed Or 'n? nofd A and
then successively retracte \ 4
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vx/mle extrudi ng the bi odegradable resin into the formng nold A to thereby
permt extrusion of the biodegradable resin to be carried out while keeping
a portion of an inner space of the nold to be subsequently charged with the
bi odegradabl e resin and an extrusion port of the nozzle 12 in proximty to
each other. Thus, the illustrated enb ment constantly keeps the

‘'bi odegr adabl e resi n successively extr %e’ 7into a portion of the formng
nold A at which foamng of the resin is desired. This permts the foam ng
to be conpleted while eEer i(sg t the bi odegradabl e resin extends well

t hrough the form ng nol ereby substantially elimnate the

above-descri bed di sadvant age that foamed Lgf t he bi odegradable resin
col | ected whil e being separated fg?m an Vsurface of the formng nold A
are \ 3
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-33:fforced by the foll ow ng bi odegradable resin, resulting in being

t he bi odegradabl e resin foam B produced by the apparatus

col  apsed. Thus,

of the illustrated enbodi nent can be constructed into a desired
configuration and uniformty sufficient to exhibit satisfactory cushioning
properti es. In the iIIustratfg enbodi ment, relative novenent

bet ween S ~97 :

FIG. 34
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t he fornlng nold A and the nozzle 12 is acconpllshed by novenent of the
formng mold A retractably constructed. Alternatively, it may be attained
by constructing the injection nmachine S in a retractable manner. Al so, both
may be retractably constructed. A speed of relative novenent between the
nold A and the nozzle 12 may be contrgl | ed through, for exanple, the
hydraul i ¢ cyl i nder 65. Such.construcéﬁ;@gpernits foam ng density (filling
degree) of the biodegradable resin foam™ to be controlled, to thereby vary
properties of the foamB. For exanple, this pernmts the foamB to be
"forned sc as to have a hardened surface and a softened inner |ayer.

The nozzle 12 may be forned at an outlet port thereof into a dianeter
decreased to a degree sufficient to permt the biodegradable resin tc be
injected while being atom zed. This permts the biodegradabl e resin foam of
satisfactory properties tc be produced even when the forming nold Ais

forned into a F'I (5. 353
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conplicated configuration. Also, the illustrated enbodi mrent may be
-modi fied in such a manner as shown in Fig. 8. In a nodification of Fig. 8,
aformng nold A and a nold clanp nechanism 40 are received in a chanber 5
constructed in an airtight manner. Al so, a pressure reducing pipe L[err] '
provided with a pressure reducing p Plerr] and a pressure reducing valve
V[err] and an atnospheric pressure r/gqgilng pi pe L[err] provided with an
at nospheri c pressure rel easing val ve r] are connected to the chanber 5
to reduce a pressure in the chanber 5 through actuation of the pressure
reduci ng punp Plerr]. Such construction permts water vapor generated
from bi odegradable resin to be forcibly outwardly di scharged froma
circunference of the formng nold A tc thereby substantially restrain
shrinkage of a biodegradable resin foam due tc re-adhesion of water vapor

contributing to
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-34- foam ng of biodegradable resin to the foam Alternative“yg_fggh:an
advanrf-age can be exhibited al so by ventilation of the chamt®#"%™} at her t han
pressure reduction in the chanber. In this instance, the chanber 5 and nold
cl'anp mechani sm 40 may be constructed so as to surround the forn1nq mld A
and | ocated outside the chanber 5, respectively. ?

-1- - .

TITLE OF THE INVENTIO.N 24 JAN ;397

BIODEGRADABLE _RESIN FOAM AND

METHOD AND APPARATUS FOR PRODUCING SAME
BACKGROUND OF THE INVENTION

This }nvention relates to biodegradable resin which has

been recently spotlighted in place of svnthetic resinr, and more

particularly to a biodegradable resin foam obtained by foaming
the biodegradable resin and a method and arn apparatus for
producing the same.

In general, synthetic resin has been applied to a

variety of industrial fields because of exhibiting satisfactory

mass productivity, moldability and durability. 1In particularly,
a synthetic resin foam is light-weight and exhibits increased
cushioning properties, to thereby be widely usec in various forms
such as a protective casing for a fragile articie such as a glass
product, a cushidning material for pacxing, a tazbleware, a heat
}nsulation material, a sound insulation material and the like.
However, this causes the amount of disposal of such synthetic
resin products to be extersively increzsed, leading to various
serious problems. '

More particularly, incineration of synthetic resin
causes 2z large amount of harmful gas to be prroduced, leading to
atmospheric pollution. Disposal of synthetic resin cther than
the incineration causes environmental zollution because it has
resistance to oxidation and resistance to decomposition by light
and ozone. Also, synthetic resin is extensively increased in

intermolecular bond, so that the incineration cazuses generation

of much heat, leading to damage to an incineration furnace and

therefore a decrease in lifetime of the furnace.

In view of the foregoing, much attention has been
recently directed to biodegradable resin and a great effort has
been macde to develop biodegradable resin.

As a result, processing of bicdegradable resin into a
film material is now in the course of being put into practice.
Also, development of foaming of biodegradable resin would lead to

spread cf applications thereof, tc the:gby permit advantage Qﬁ
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I'n the method for producing the biodegradable resin foamaccording to the
present invention, the step of extruding the fluidized bi odegradable resin
into the formng nold nay be carried out in a nanner to keep an atnosphere
in the formng nold pressurized during the extrusion and rapidly reduce a
pressure of the atnosphere in the formng nold after conpletion of the
extrusion. This may be carried out by neans of an apparatus constructed in
such a manner as shown in Fig. 9. _2. The apparatuz shown in Fig. 9

i ncl udes a chanber having a pressuring pipe Llerr] and a pressure

reduci ng %&H ergéaéiégiﬁgrﬁfbg 19 oM é’gdﬂ]r@r éI‘E}bb%?fb'r titsAnEfee prefssur e
reduci ng f@aeng eymthepiesses en rdduci ngveabeen\Vierriedra tpiesshé eareduci ng

punp Plerilc Aldeangad thBat BE APERIALAS FNAMA bl %indiudil Ehgséyéié‘goe‘)i pe
L[err] is connected_through pyessuring valvidVB to a comnpressor to
pressuri Z2 e RESEFRERE gﬁa hel tifafifdm 88 PREA pR R Afd nEcHALRRGY 2PRF

reIeasingtkﬂxﬁ;dJ[éﬁiqlogsdrbsp@n@brn«nsduinammnsphee1Ca method of foaming
synthetic resin by charging an extruder with, for example,
styrene resin together with a foaming agent such as an organic
solvent or the like to foam the resin due to a pressure reducing
action occurring when the resin is extruded, and the like.

However, such conventional chemical foaming techniques

for foaming synthetic resir as described above fail to
satisfactorily foam biodegradable resin due to a relationship
between a softening point c¢r melting point of the resin and a
foaming temperature of 2 fca=zirg agent and the like. Thus, there
are xnown many problems which zre encountered with techhiques of
foaming biodegradable resin zo 2 high degree and forming the
foamecd resin.

2 first problerm occurs when a biodegradéble resin foam
is tc be rroduced by meeans oI, for example, an injection molding
machinre used for production of a2 conventional synthetic resin
foam. More particularly, when biodegradable resin fluidized due
to heating and pressurizaticz in a cylinder is extruded through a
nozzle of the cylinder intc z forming mold, to thereby be
decreased in pressure, moisture in the resin is vaporized,
leading to expansion. The moisture vaporized is then decreased
in temperature, resu}ting in suspending in the form of steam in
the mold or being condensed on an inner surface of the mold or an
outer surface of a molded product. Biodegradable resin generally
exhibits increased hygroscopicity, resulting in being readily
softened and swollen when it is contacted wit moisture. In
particular, a film of each of foamed cells on an outer portion of
a molded or formed product is excessively decreased in thickness,
sco that it is readily softered when it absorbs condensed water.
This results in the foamed cells being readily collapsed. Such °
collapse cf the cells is alsc caused due to re-adhesion of

moisture evaporated from the resin to the cells. The collapse




pressure rel easing pipe L[err] arranged in the apparatus shown in Fig. 1
and is arranged so as to communi cate through a pressure reducing and

rel easing valve V4 to an anbi ent atnosphere. The renmining part of the
apparatus nmay be constructed in substantially the same manner as the
apparatus shown in Fig. 1. Now, the extrusion step executed by
means of the apparatus of Fig. 9 constructed as descri bed above will be
described hereinafter. First, the formsng nold Ais kept clanped and the

chamber %E' Qﬁe@&fﬂs per%%‘ér‘%o@@ws{,g@&u&{:%’ﬁ)‘%}hiﬁ\ %ﬁ@ gif?s [d zed by the

conp FESSOF t articles

10 of e L b%oségrual&abﬂéa?éss nt?\kﬁ%ﬁrf’%ﬁsﬁnt efetae bf ® adabl e
resin Shpabdubg. BVEEh athe Hemedaptbage oot gud a:ieﬂo&mtelaemsf ebmdoislléd)r war dl 'y

transfent e%ath&hﬁoCé!é 1SS hiY FERRSs b A i 8 y2 €U LRI NP1 £DL AP
cell. Thus, tpe formed product thus obtained by injection
molding fails to exhibit desired eushioning performance.

A second problem is that the conventional chemical
foaming techniques fail to provide a foamed product having a
desired configuration and exhibiting a satisfactory cushioning
function. More particularly, foaming of biodegradable resin is
started upon release from a pressurized state, however, it is
highly hard to reach the depths of a forming mold because of
exhibiting increased viscosity when it is fluidized by heating.
Therefore, foaming of biodegradable resin partially occurs before
the resin extruded from the cylinder reaches the depths of the
forming mo}d, resulting in a part of the resin which is to be
foamed in the depths of the mold carrying out foaming in the
middle of the mold, so that any cavity and/or void are formed in
the foamed resin. Such a problem tends to occur in a forming
mold of a complicated configuration, Thus, the so-formed
biodegradable resin foam is pressedly forced by biodegradable
resin subsequently extruded, so that the portion of the resin
which carried out foaming on the way to the depths of the mold is
crushed by the subsequently extruded resin. Thus, the prior art
fails to form the foamed resin into a desired configuration.
Also, the foamed resin fails to exhibit a satisfactory cushioning
performance.

A third problem occurs due to releasing of biodegradable
resin fluidized by heating and pressurizing from a heated and
pressurized environment. Releasing of the resin fluidized causes
moisture contained in the resin to be vaporized and expanded,
resulting in foaming of ehe resin, to thereby provide cells,
during which the cells are decreased in temperature to a level of
about 100°C due to vaporization of the moisture. This causes the
cells to be somewhae shrunk and then solidified while being kept

shrunk. Also, the cells are somewhat shrunk by water vapor
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- 35-, bi odegr.adable resin particles 10 are increased in tenperature to a

| evel near a softening point of the resin or a nelting point thereof by
shearing force due to rotation of the screw 2 and heat applied thereto from
a heater 13. This results in the biodegradable resin being collected in an

I nner space of the cylinder 1 defined on a distal end side of the screw 2

whi | e
-4 -
surrounding the cel’ls. Such cells are integrated together to
form a foam. Thus, cavities and/ocr voids occur in the foam
solidified, so that bourdaries between the cells are
discontinuous, to therety cause the foam to be unsuitable for use
for a Eushionipg mazerial.

A fourth problem encountered with the conventional
chemical foaming technigues is caused during formation of an
pressure reduced atmnosphere. More particularly, when a heated
and pressurized atmosphere in which biodegradable resin is placed
is to be changed into a pressure reduced atmosphere, an
evacuation or vacuum pump is generally used. Unfortunacely,
formation of such z pressure reducec atmosphere requires a
considerable perioc of time, so that a pressure reducing action
due to the change is rerderec slow or inactive. Also, this
‘causes moisture to re-acdhere to cellis while it is not fully
exhausted, leacding zc scftening of the cells, followed by
collapse of the cellis, resulting in the resultant resin foam
being deteriorzted :in properties cor quality. In order to prevent
such re-adhesicn of moisture to the cells, it would be considered
that formation of the pressure reduced atmosphere is carried out
using a large-sized vacuum pump or the like, resulting in time
required for evacuation being reduced. However, this causes a
significant increase in manufactur-ing cost of the foam.

Further. injection of biodegradable resin from a nozzle
of a cylinder ¢f an injection molding machine into a forming mold
arranged in a closed atmosphere causes injection resistance to be
increased. In order to avoid the problem, it is required to
arrange a large-sized injection molding machine. Unfortunately,
this leads to an increase in cost of equipment and therefore
manufacturing cost. In particular, in order to form a foam with
high configuration accuracy, it is required to permit
biodegradable resin to be spread throughout the forming mold.
This is advantageously accomplished by keeping an atmosphere in
the forming mold pressurized during injection molding. However,
this causes injection resistance to be further increased,

resulting in the abcve-described disadvantage being rendered




being fluidized. At this tinme, the inner space is kept heated and
pressurized, so that noisture contained in the biodegradable resin
particles 10 is kept trapped in the biodegradable resin w thout evaporating
therefrom Then, rotation of the screw 2 is stopped and a pi.ston 23 in an

I njection cylinder 22 is actuated to advance the screw 2 as shown in Fig.
10(a), so that the fluidized biodegradable resin may be injected fromthe
cylinder 1 through a narrowed opening_la into a form ng space Rin the
formng nold A at a stretch. An inner space of the chanber 5 is
kept predRiified- so that a cavity 31 and a core 41 of an air-perneable
formng nold A comuni cati nguMkRe¥QOF ppE BSINfENTI®Nf orming nold A with the

i nner space of t C 5,1 | kew ressutkze ln this,instance,
when a pressure ﬁﬁétﬁgggg?ﬁiﬁg§%$%§§1ﬁagé f%gdugggtﬂ% %ﬁ%ﬁf? gfeand core 41
is set afoErgUE d3EadtaRt_&RFPPe, tRQ Prior arct.

Accordingly, it is an object of the present invention to
-

provide a method for producing a biodegradable resin foam which
is capable of accomplishing foaming of biodegradable resin while
minimizing or substantially preventing shrinkage of formed
biodegradable resin due to re-adhesion of moisture thereto, to
thereby provide a uniform biodegradable resin foam.

. It is another object of the present invention to provide
a method for producing 2z biodegradable resin foam which is
capable of uniformly fozming biodegradable resin.

It is 2 further object of the present invention to
provide.a methed for producing a tiodegradadle resin foam which
is capatle of minimizing or substantially preventing collapse of
cells cf foamed biodagradable resin to provide a biocdegradable
resin foam of a desi-ed configuration aad uniform quality.

It is stili another objec: of the rresent invention to
provide a method for procducing a tiodegradatle resin foam which
is capable of providing a water-repellent biodegradable resin
foam. '

It is yet another object o5f the present invention to
provide a method for producing a biodegradable resin foam which
is capable of providing a biodegradable resin foam free of any
discontinuous boundary between cells even when any cavity and/or
void occurs in‘biodegfadable resin foamed.

It is even another object of the present invention to
provide a biodegradable resin foam which is substantially free of
any discontinuous boundary between cells even when any cavity
and/or void occurs in biodegradable resin foamed.

It is a still further object of the present invention to
provide an apparatus for producing a biodegradable resin foam
which is capable of preventing an increase in cost of equipment
and accomplishing rarid pressure reduction and evacuation of an

atmosphere in a forming mold a2t an appropriate timing, to thereby
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kgf/coferr]higher than a water vapor pressure at a tenperature of the

bi odegradabl e resin injected through the narrowed opening or port 1la or,

for exanple, at 170[err]C, the biodegradable resin may be extruded into the
form ng space R while keeping noisture trapped therein. After the
bi odegradabl e resin is charged in the formng space R of the formng nold
A, the pressure reducing and releasing valve V4 is rapidly and fully
rendered open to permt a pressure in the chanber 5 to be reduced to an

at nospheric ressu so_t t he bi odegradable resin in_a heated and
pressgrlzéh ot éngb$Eﬁ{Fh%fb6§éd“tg gﬂ af ntRpHRteY 93Red8¥re, resul ting
in noisture t rappe(!tl hst heyerediur theirngbiast anf atleousles envapove aetbdt ad oam

the bi Ode%m@eeaﬁe§b9afﬂ§§yfo\&a%@déeﬁhgn 01 0d &r AL UL Es ERUBES
expansi on Or%Flgfcggggie ExngJ%J%%%%rah increase in cost of equipment

and fac111tatlpg injection of biodegradable resin into a forming
mold while keeping injection resistance at a minimum.level, to
thereby increase configuration accuracy of a biodegradable resin
foam.

In accordance with one aspect of the present invention,
a blodegradable resin foam is provided which is made of
biodegradable resin by expansion force due to vaporization of
moisture caused by rapidly releasing fluidized biodegradable
resin which is in a heated and pressurizeé environment and in
which the moisture is trapped. The biodegradable resin may
comprise a2 combination of a firs: biodegradable resin ingredient
having a melting point of 100°C or more or a main biodegradable
resin ingredient and a second biodegradable resin ingredient
having a melting point of 1C0°C cor less or a lcw-melting
biodegradabie resin ingredient.

Ir a preferred embodiment of the present invention, the
second biodegradable resin ingrecdient may be selected from the
group consisting oI polvcaprolactore and a material containing
polycaprolactone.

In a preferred embodiment of the present invention, the bio-
degradable resin mey have a substance selected from the gioup consisting of
polyhydric alcchols and derivatives thereof added thereto.

Thus, in the foam of the present invention, the second
biodegradable resin ingredient is kept from being immediately
solidified, to thereby function as an adhesive with respect to
the first biodegradable resin ingredient. Therefore, even when
any cavity and/or void are unfortunately formed in the foamed
biodegradable resin, cells of the foamed resin are permitted to
adhere to each other through the.second resin ingredient,
resuiting in the foam being provided with satisfactory quality.

When the second biodegradable resin ingredient is

seiected frosm the group consisting of polycaprolactone and a
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-36- the biodegradabl e resin. However, an outernost portion of the

bi odégradabl e resin is kept contacted with an outer surface of the forning
mold A, to thereby be regulated by a configuration of the cavity 31 and
core 41 and the water vapor is outwardly discharged through the pores of

the formng nmld A so that such a biodegradable resin foamB integrally
formed as shown in Fig. 3

- o~

material containing polycaprcliactone, the function of the secongd
biodegradable resin ingredient as an adhesive is substantially
enhanced. Also, when the biodegradable resin has polyhydric
alcohols and derivatives thereof added thereto, moisture in the
resin is iﬁcre?sed in boiling point, resulting in functioning
also as a plasticizer, so that cells of the foamed biodegradable
resin are rendered dense and uniform.

In accordance with another aspect of the present
invention, a method for producing a biodegradable resin foam is
provided. The method comprises the steps of charging a
biodegradable resin starting material containing biodegradable
resin in a cylinder formed at a front portion thereof with a
narrowed opening, raising a temperature of the biodegradable
resin to render the biodegracdable resin fluidized while forcibly
transferring the biodegradable resin starting material toward the
narrowed opening in the cylinder, extruding the fluidized
biodegradable resin from the cylinder inzc an air-permeable
forming mold arranged ir fron: of the cylinder to rapidly release
the biodegrzdable resin from 2z heated and

rressurized environmentc
in the cylinder to foam the tiodegradable resin, and forming the
foamed biodegradable resin into a2 shape depending on a
configuration of the forming molé. Thus, moisture contained in
the resin is increased in boiling point under pressure, resulting
in being in the form of liquid in the cylinder, so that releasing
of the resin from the heated and pressurized environment in the
cylinder causes the moisture rto be instantaneously vaporized,
leading to foaming of the resin. The resultant water vapor is
outwardly discharged through the air-permeable forming mold, to
thereby be prevented from re-adhering to the formed foam.

In a preferred embodiment of the present invention, an
atmosphere in which the forming mold is placed is kept decreased
in pressure or ventilated since a2 stage before starting of
extrusion of the fluidized biodegradable resin into the forming
mold or since starting of the extrusion. Such construction
prevents moisture from remaining in the form of steam in the

forming mold or being cordensed on a surface of the resin foam




may be obt ai ned. Then, the screw 2 is retracted while being
rotated as shown in Fig. 10(c), during which collection of the foll ow ng

bi odegradabl e resin fluidized in the inner space of the cylinder 1 on the
side of the distal end of the screw 2 starts for the next injection.
Concurrently, the biodegradable resin foamB fornmed in the cavity 31 of the
formng nold Ais allowed to be cooled and solidified, so that rel easing of
the formng nold A fromthe clanping fgrmts the resin foam B.to be renoved

fromthe cayit f.all Quwed b ' of ] f or .t he next
operatigﬁ.e tord ?elcrﬁa%et Ra gﬁ?ﬁ%ﬁ%%ﬁ%%&f é’gg\?g?;?hg‘_g? cr:aﬁlr#‘neéps?ﬁﬁ%g"R

def i ned oBythhemebsf4ne 3FeaHH c&n8 el B 1ths feah bSEegshFPyEtrdMtith t he

fluidi zedehspdegspgallig ar@sic.is injected fromthe cylinder 1 through the

parroued_operi nOuk 2 |t e QREbREhERASS Rne' GrhDERELLRIRARY, fREM N0 of
step of extruding the fluidized biocegradable resirn into the mold
is carried out‘while placing a nozzle afranged with respect to
the narrowed opening in the depths of thg forming mold at the
time of starting of the nozzle and retracting the nozzle relative
to the forming mold during extrusion of the biodegradable resin.
This permits the biodegradable resin to be charged in the forming
mold in order from the side of the cdepths of the mold, resulting
in a difference between a timing at which the resin is spread
throughout the forming mold and a timing of foaming of the resin
being minimized or subtstantially eliminated, to thereby
substantially prevent cells of the fcamed biodegracable resin
from being collapsed.

In a preferred embodiment ¢ the present invention, the
step of extruding the fluicdized biocdegradable resin into the
forming mold is carrief out while kesping an ztmosthere in the
forming mold pressurized during the extrusion and rapidly
reducing a pressure of the atmosphere in the forming mold after
completion of the extrusiorn. This rermits the biodegradable ‘
resin to be fozmed while being spread throughcut the forming
mold, so that the resin fosm obtainecd is formed into a desired
configuration.

In a preferred embodiment of the present invention, the
step of extruding the fluidized biodegradable resin into the
forming mold is carried out by injecting the biodegradable resin
into the forming mold while keeping the resin atomized. This
permits not only the resin to be spread throughout the forming
mold but the atomized resin to be effectively foamed, followed by
integration of cells of the foamed resin without being collapsed,
to thereby provide the resin foam with increased uniformity.

) In a preferred embodiment cf the present invention, the
biodegradable resin starting material may comprise moisture and

the biodegradable resin. Alternatively, it mav comprise the

e
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pressure in the formng space Ris rapidly decreased to |lead to foam ng of

t he resi

n,

so that the biodegradable resin foam B obtained may conformto a

configuration of the formng nold A and exhibit uniformty, resulting in
being effectively applied to a satisfactory cushioning nateri al .

Thus, in the nethod practiced by neans of the apparatus of Fig. 9, a timng
of foam ng of the biodegradable resin extruded through the narrowed opening
la is adjusted by reducing a pressure-9fa the chanber 5. The tining of

pressurg
bi odegra

5ok

Igigpégﬁlr\é)rrsé qﬂmarlkg hsrpg£o£&%£ece%0%n% %%EUIQ ali%te e pr essure

reducti SAVARE PRITHYTS éd’s(ﬁ%’ edntppeetpAnd iﬂ‘deé‘xt"—r‘us Bnbb‘?dﬁtgﬁé‘draé%len

throughrekennar aAbsed dpeniingelgaadabbet hesiwraiag isgaeec&ridhusay the timng

may be %Uh&@?gx §§£s€“¥§¥“@hggbggde£9£d§§fgw¥é%ifaé%@egdwater repellent
materi;l."The:starting material of such composition ensures

desired foaming of the resin and permits it o be finely and
uniformly foamed.

Also, the water repellent material nay comprise a

material which is not fully evaporated when :the resin fluidized
is released from the heated and pressurized environment. The

naterial may include a natural fatty acid polymer. Use of the

polymer as the water repellent material permits it to cover cells

of the foamed resin to provide it with water repellent

properties, to thereby prevent the cells froz teing collapsed due
t¢c contact with water.

In a preferrei embodimenct of the present invention, the

step of forming the foamed biodegradable resin into a shape

Zdervernding on a2 configuration of the forming zold may be carried

o]

us

ty forming the whole bilodegradable resin into an integrated

configuration. This permits the resin foam o be formed into a

relative large volume or any desired configuracion.

In a preferred embodiment of the present invention, the

biodegradable resin coaprises a first biodegradable resin
ingredient having a meltinc point of 100°C or more and a second

biodegradable resin ingredient having a melting point of 100°C or

1

ie8S.

In a preferred embodiment of the present invention, the second bio-

Cegradable resir ingredient is selected from the group consisting of polycapro-
lactone and a material containing it.

In a preferred embodiment of the present invention, the

biodegradable resin has a substance.selected from the group consisting of poly-
hydric alcohols and derivatives thereof added thereto.

In accordance with a further aspect oI the present

invention, an apparatus for producing a biodegradable resin foam
is provided. The apparatus comprises a pressure adjusting
cramber constructed in a manner to be capable of bezing cpened and closed

24 JAN 1957




-37-.at which the biodegradable resin is extruded through the narrowed

opening la, a tenperature at which the biodegradable resin is heated,

the like

| ower

-10-
hermetically, an air-germeable Zorming mold arranged in the pressure acdjusting
chamber, a pressure reducing tank connected to the pressure
adjusting chamber to rapidiy reduce a pressure in the pressure
adjusting chamber, and an injection machine for injecting, into
the fo;midé mo}d, fluidized biodegradable resin placed in a
heated and preésurized environment and having moisture trapped
therein. Thus, the apparatus permits the pressure reducing tank
to communicate with the pressure adjusting chamber after
injection of the resin into the forming mold, so that water vapor
produced in the forming mold may be effectively outwardly
discharged, to thereby eliminate retention of moisture in the
forming mold. Thus, the biodegracdable resin foam product
obtained is provided with a2 desired configuration and uniform
quality.

In a preferred embocéiment of the present invention, the
pressure adjusting chanmter has an evacuation valve connected
thereto. Thus, when the pressure adjusting chamber is rendered
open to an ambient ztmosphere i~ the course of injection of the
rein into the ferming mcld, resistance tc the injection ‘is
reduced because the forzing mold is air-parmeatle, so that the
injection may be fzcilitated. <ZTherefore, the injection machine
is prevented from teing lafge-sized.

In a preferred embodiment of the present ZInvention, the
pressure adjusting chanmter has a2 compressor connected theretco.
This permits injection cf the resin into the forming mold to be
carried out while keeping moisture positively trapped in the
resin because actuetion of the compressor pressurizes the
pressure adjusting chambter. Then, operation of the evacuation
valve results in the pressure adjusting chamber being released
from pressurizatior, leading to a decrease in injection
resistance, so that the resin may be spread throughout the
forming mold.

In a preferred embodiment of the present invention, the
pressure adjusting chamter has a pressurizing tank connected

thereto. This permits the pressure adjusting chamber to be

rapidly pressurized at an approprriate timing when the resin is to

taiaremane.|
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and

A pressure in the chanber 5 nay be reduced to a | eve
t han, equal to or higher than an atnospheric pressure.



Reductiion of the pressure to a |level |ower than an atnospheric pressure
permts a pressure difference obtained to be substantially increased,
resulting in foam ng of the biodegradable resin being carried out to an

i ncreased degree. Also, this |leads to discharge of water vapor to an
exterior of the chanber 5, to thereby prevent shrinkage of the

bi odegradabl e resin foam due to re-adhesi on of noisture once contributing

to the foamng to the resin foam -11- The apparatus of Fi.g. 9 nay be
modi fi egd,i Che n;p{metrh A% SHOWP w1 &1 9. 11. Mre particularly, an
appar at gg g?ﬂ' N 1S sc')3 cc?nst\rqgct ed that a chanber 5 is divided into a

novabl e- si de par% %‘1 afd ascrrdance yhthathisaspast w6 ¥B9aPresefde part 51
i's arrangednspoas 40 dpparomalsl eornbegdatiygvut$ndnd§ﬁ@abbeenﬁédlwafaaﬁl Such

const r ugki m tS. B rrently
oper at egg :{}gv?%gr%b%;aawﬁg% %gr}'egrrgéaégg géaf‘f)%Q@H“Rr a%l%lr)‘%rg)e?em n F65 £ rom

the f or osed hermetlca ly, an alr—

oe*meab-e forming molé arraged in the pressure adjusting

chamber, a pressure reducing tank connected through a pressure
reducing valve to the pressure adjusting chamber to rapidly
reduce a pressure in the pressure adjusting chamber, an
evacuation valve connected to the pressure adjusting chamber, a
compressor connected to the pressure adjusting chamber, a valve
controller for controlling operation of each of the valves, and
an injection machine for injecting, into the forming mold,
fluidized biodegradable resin placed in a heated and pressurized
environment and having moisture trapped therein. The valve
controlier functions to initiate actuation of the compressor
before or at the time when injection of the biodegradable resin
into the for=zing nold by the injection machine is started, carry
out termination c¢f actuaticn of the compressor and opening cf ths
evacuation valve in the course of the injection, and carfy cut
closing of the evacuation valve and opening of the pressure
recucing valve after the injection. Thus, the pressure adjusting
chamber may be ccntroiled to pressurization, evacuation or
pressure reduction in association with a timing of injection of
the resin into the forming mold.

Furcher, in accordance with this aspect of the present
invention, an apparatus for producing a biodegradable resin foam
is provided. The apparatus cnmprlses a pressure adgustlng chamber constructed
in a manner to be capable of being opened and closed hermetically, an air-
permeable forming mold arranged in the pressure adjusting
chamber, a pressure reducing tank connected through a pressure
reducing valve to the pressure adjusting chamber to rapidly
reduce a pressure in the'pressure adjusting chamber, an
evacuation valve connected to the pressure adjusting chamber, a
pressurizing tank connected through a pressurizing valve to the

pressure adjustirg chamber, a valve controller for controlling

T et et o e
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In the nethod of the present invention, extrusion of the fluidized

bi odegradable resin into the formng nold is carried out by injecting the
bi odegradabl e resin into the form ng nold while keeping the resin atom zed.
Such extrusion may be executed by neans of an apparatus as shown in Fig.
12. Therefore, the apparatus of Fig. 12 will be described prior to
description of the extrusion step. In the apparatus of Fig. 12, a
cavity 31 is forned into a rectangul arlhape and nore particularly a

rect angtqpagrrargar oal bel gpwe%; S(ﬂ?eo%aawsa GRE Caf liléMfectq rxeﬁatﬂmea% sirel |

rect angu aral lele P e conmuni catin he cavi t 1. Also, a
narrovved“b’p?éﬁl R§:1 ANF Fhg nﬁé’tf“ilﬁ‘tgom&lﬂfaf'rﬁ?b‘? %’rf’alqié’rdeﬁﬁaﬂai’h%ltr%?“a nozzl e
of a com/edeidorial ai hpeced oandmidissgrireeli asyitenidar eby dasung t hat

f1ul di 266t 1Y 0080t2d3BLE ERSIIL N @1CTRR0e 206 AUV IriE c2bRL eI P

I nj ecte
J the pressurlzing valve before or at the time when injection of

the biodegradable resin into the forming mold by the injection
machine is started, carry out Elosing-of the pressurizing valve
and opening of the evacuation valve in the course of the
injection, and carry out closing of the evacuation valve and
opening of the pressure reducing valve after the injection.
Thus, the pressure adjusting chamber is controlled to
pressurization, evacuation or pressure recductior imn association
with a timing of .the injection.

In addition, in accordance with this aspect of the
present invention, an apparatus for producing a biodegradable
resin foam is provided. The apparatus comprises a pressurs aciusting
chamber constructed in a manner to be capable cf beirg operned ané closed
hermetically, an air-permeable forming mold airang : in the prassure adjusting
chamber, 2 pressure reducing tank connected through a pressure
reducing valve to the pressure adjusting chzzmber to rapidly
reduce a pressure in the pressure adjusting chamber, an
evacuation valve connected to the pressure zdjusting charber, a
valve controller for controlling operation of each of the valves,
and an injection machine for injecting, intc the forming mold,
fluidized biodegradable resin placed in a heated and pressurized
environment and having moisture trapped therein. The valve
controller functions to open the evacuation valve in the course
of injection of the biodegradable resin into the forming mold by
the injection machine and carry out closing of the evacuation
valve and opening of the pressure reducing valve after the
injection. Thus, the pressure adjusting chamber is controlled to
evacuation or pressure reduction in association with a timing of
the injection.

Furthermore, in accordance with this aspect of the
present invention, an apparatus for producing a biodegradatle

resin foam is provided. The apparatus comprises a pressure

i
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-38- narrowed opening la into a formng space R defined by the cavity 31
and core 41 while being kept atonized. Mre particularly, the nozzle of the
conventional injection nolding machine is forned into a dianmeter of, for
exanple, 2 to 5 mm whereas in the

S
adjusting chamber constructed in 2 manner to be capable of being opened ang
closed hermetically, an air-permeadble forming molé arrarged in the pressure
adjusting chamber, a pressure reducing tank connected through a pressure
reducing valve to the pressure adjusting chamber to rapidly
reduce’a pfessPre in the pressure adjusting chamber, a
pressurizing tank connected through a pressurizing valve to the
pressure adjusting chamber, a2 valve controller for controlling
operation of each of said vélves, and an injection machine for
injecting, into the forming mold, fluidized biodegradable resin
placed in a heated and pressurized environment and having
moisture trapped therein. The valve controller functions to open
the pressuriiing valve before or at the time when injection of
the biodegradable resin into the forming mold by the injection
machine is started and carry out closing of the pressurizing
valve and opening of the evacuation valve after the injection.
This permits the pressure adiusting chamber to be ccntrolled to
pressurization or pressure.reduction in association with a timing
of the injectiorn.

In a preferred embocdimen:z of the present irvention, the
injection machine includes a cylinder having a narrcwed opening
formec at a front portion thereof, a forcible transfer mechanisn
for forcibly transferring a biodegradable resin starting materizl
containing biodegradable resin and charged in the cylinder and
raisirg a temperature of the biodegradable resin, to thereby
fluidize it and extruding the fluidized biodegradable resin
through the narrowed opening into a forming mold, and an access
mechanism for reciprocating the narrowed opening 2nd forming mold
relative to each other and retracting the narrowed opening
relative to the forming mold during injection of the fluidized
biodegradable resin through the narrowed opening into the forming
mold.

BRIEF DESCRIPTION OF THE DRAWINGS

‘These and other objects and many of the attendant

advantages of the present invention will be readily appreciated

as the same becomes better understood by reference to the

follcwing detailed description when considered in connection with

o -or e, -
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Il lustrated enbodi nent, the narrowed opening la is fornmed into a dianeter
as small as about 1 nm The extrusion by neans of the apparatus
shown in Fig. 12 is initiated by feeding a hopper 11 with particles 10 of
noi sture and bi odegradabl e resin while keeping a formng nold A cl anped.
Then, the particles 10, as shown in Fig. 13(a), are forwardly forcibly
transferred in a cylinder 1 by neans of a screw 2, during which the
particles 10 are heated to a tenperatuyfe near a softening point of the
particles or a nelting Boin t hereof by shearing force due to rotation of
P

the scrblf 2 RAPRIENE RpFPEINED: (HE T Y i cles from a heater 13 and then
coll ected in anFigernl dpaeeveftidml cdduiderll siééi elovaorioar side of a di stal

end of &Qﬁ%é%if?”é%d“ﬂﬂgeahekﬁgmﬁié”6¥:@ﬁﬂapeﬁr59h§ {ifE e okt space of
the cylinder 1'is kept heated an res urlggd, so . that noisture contained

in the PFRTUSHE KiToG8TCA4RBPE Post PSP S9PeATPHETHI& 4nit hout evaporati ng

t her ef r oipdegradadle fesin foam according to the present invention;

Figs 2(a) to 2(c) each are a schematic sectional view
showing each of steps of the method of Fig. 1;

Fig. 3 is a perspective view showing an embodiment of a
biodegradable resin foam according to the present invention;

Fig. 4 is a vertical sectional side elevation view
showing an essential part of another example of the apparatus
suitable for use for practicing the method of Fig. 1;

_ Fig. 5 is a vertical sectional side elevation view
showing an essential par:z of a further example of the apparatus
suitable for use for practicing the method of Fig. 1;

Fig. 6 is a vertical sectional side elevation view
generally showing an example of an apparatus suitable for use for
practicing another embodiment of a method for producing a
biodegradeble resin foar according to the present invention;

Figs. 7(a) to 7(c) each are a schematic sectional view
showing each of steps of the method of Fig. 6;

Fig. & is a2 vertical sectional side elevation view
showing ar essential part of another example of the apparatus
suitable for use for practicing the method shown in Fig. 63

Fig. 9 is a vertical sectional side elevation view
generally showing an example of an apparatus suitable for use for
practicing a further. embodiment of a method for producing a
biodegradable resin foam according to the present invention;

Figs. 10(a) to 10(c) each are a schematic sectional view
showing each bf steps of the method of Fig. 9;

Fig. 11 is a vertical sectional side elevation view
showing an essential part of a further example of the apparatus
suitable for use for practicing the method shown in Fig. 9;

'. Fig. 12 is a vertical sectional side elevation view
generally showing an example of an apparatus suitable for use for

practicing still another embodiment of a method for producing =2

REPLACEMENT SHEET
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Then, as shown in Fig. 13(b), rotation of the screw 2 is stopped and a
piston 23 in an injection cylinder 22 is actuated to advance the screw 2,
resulting in the fluidized biodegradable resin being injected at a stretch
t hrough the narrowed opening la into the form ng space R defined by the
cavity 31 and core 41 while being kept atom zed. I njection of the
resin while keeping it atom zed may be carried out by form ng the narrowed
opening la into a snall dianeter as <iawpared with that of the. conventional

0l ect Al TRl dhng) FRFOLAP ANG Slball ;éga%%aw%resemeemfc jgLection of

t he fIU|3 resin an tween a pressure betore fhe
extrusi on and tRags af 132X e délcdsranh Ardi antthanasiict secRapPrehediopeni ng
la reqWhoed nlgOeadhodt zatdmd off cthhemreeaba bs ROf.limited to the

above-describedgyal ug, o{sf hbq%'l r;nplggcgggg s{wwfﬁalas%o\éerl gd degeg]pi ng on

a speed of extrus on of I'’Zzéd reSin as
a nozzle arranged with respect to 2 narrowved opening:

Fig. 15 is a perspective view showing a cylinder
provided at a distal end thereof with a shower;

Fig. 16 is a vertical sectional side elevation view
showing an essential part of another example of the apparatus
suitable for use for practicing the method of Fig. 12;

Fig. 17 is a vertical sectional side elevation view
generally showing an example of an apparatus suitable for use for
practicing yet another embodiment of a method for producing a
biodegradable resin foam according fo the present invention;

Figs. 18(a) and 18(b) each are a schematic sectioral
view shcwing each of steps of the method of Fig. 17;

Fig. 19 is a perspective view showing another embcdiment
of a biodeéradable resin foam according to the present inventior;

Fig. 20 ie a vertical sectional side elevaticz view
showing an essential part of another example of the apparazus
suitable for use for practicing the method of Fig. 19;

Fig. 21 is a vertical sectional side elevation view
generally showing an embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 22 is a side elevation view showing an essential
part of another embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 23 is a tiﬁing chart showing a timing of each of
injection, evacuation and pressure reduction in operation of the
apparatus of Fig. 22; _

Fig. 24 is a side elevation view showing an essential
part of 2 further embodiment of an apparatus for producing a
biodegradable resin foam acco:ding to the present inventions

Fig. 25 is a side elevation view showing an essential
part of still another embodiment of an apparatus for producing 2

biodegradable resin foam according to the present invention;




-39- . An exterior of the formng nold Ais permtted to conmunicate
wi th an anbi ent atnosphere, resulting in the form ng space R bei ng kept at

an atnospheric pressure because it |ikew se comuni cates through pores of
the mold A with an anbi ent

-16-.

Fig. 26 is a timing chart showing a timing of each of
injection, evacuation and pressure reduction in operation of the
apparatus of Fig. 25;

~ Fig. 27 is a side elevation view showing an essential
part o% yet an?ther embodiment of an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 28 is a side elevation view showing an essential
part of even another embodiment of - an apparatus for producing a
biodegradable resin foam according to the present invention;

Fig. 29 is a side elevation view shcwing an essential
part of a still further embodiment of an apparatus for producing
a biodegradable resin foam according to the rresent invention;

Fig. 30 is a side elevation view shcocwing an essential
part of a yet further embodiment of anrn apparzatus Zor producing =
biodegradable resin foam according to the presenc inventioni

Fig. 31 is a vertical sectional side elevation view
showing ar essential part of a vet further ermbodizent of an
apparatus for producing a biodegracdable resin foaz according to
the present invention;

Fig. 32 is a vertical sectional side elevatiocn view
showing arn essential part of an even fur-ther embodiment of an
apparatus for producing a biodegradable resir foaz according to
the present invention;

Fig. 33 is a vertical sectional side elevation view
showing an essential part of an additional embodiment of an
apparatus for producing a biodegradable resin foam according to
the present invention; and

Figs. 34 to 36 each are a vertical sectional side
elevation view showing another embodiment of an apparatus for
producing a biodegradable resin foam according to the present
invention which is constructed so as to permit a pressure in an
atmosphere in a space of a forming mold to be reduced and permits
such pressure reduction to be accomplished in a large scale.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the present inventior will be described hereinafter

with reference to the accompanying drawings.
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at nosphere. Thus, the biodegradable resin injected at a stretch into the
formng space R whlle being atom zed is rapidly exposed to an atnospheric
pressure, so that noisture trapped in the resin is instantaneously

vapori zed to foam the bi odegradable resin. Expansion force of the vaporized
noi sture or water vapor is exerted in the biodegradable resin, however, an
outernost portion of the foanmed resin is kept contacted with an inner
surface of the formng nold A resultililg in being regulated by a

conf i gurat i on ofridie 3pacA B aIbepspt e WK Yhe! 3REGhET RSt dl saftar ged

t hrough_ t he pores of rn1ng to an exterior
Foami ng°8f "¢fe biGHef™mdabiedratedable.cfsind o0k aF&Pr‘éb'&y ‘baf'r*ﬁ cle,
resul ti pgesant otsmesnciadd and0@hbei ng 4 ometdided e poadedipardicl es are

ent angl g ok L £261 Al %@qmggw\% My ARG YpBEkackaRA% S 2

bi odegr a resin foamB integra en, _as shown in
Fi g. 13@€fp’tﬁ§ gep%%@qu §0FepfaePéang a blodegradable re51n foam

featured in a mechanism for adjusting a pressure in a forming
meld and a method for producing a biodegradable resin foam
practiced using the apparatus will be described. Further, an
apparatus and a method for producing a biodegradable resin foam
each of which is constructed so as to permit a volume in a
fcrming space to be varied as desired will be described.

The present invention is directed to a biodegradable
resin foam, which is generally designated at reference character
B irn Figs. 2 and 3. The biodegradable resin foam B is produced
by foaming biodegradable resin by means of expansidh force due to
vapcrization of moisture. The biodegradable resin consists of a
firs: biodegradable resin Zngredient of 100°C or more in melting
pcirz (hereinafter also reZerred to as “main biodegradable resin
irgradient”") and a second -iodegradable resin ingredient of 10C°C
or l2ss in nelting point (Tereinafter a156 referred to as "low-
melting tiodegradable resin ingredient").

The tern "biodegradable resin" used herein indicates =z
resin naterial which is decreased in physical properties due to a
biologiczal action and such biodegradable resin includes resin of
the type that it per se is fully decomposed and resin of the type
that it is blended with resin hard to be decomposed, resulting in
it being provided with degradative properties. The resin of the
former type includes products by microbes, products of natural
high-molecular substances, products of petroleum materials and
the like and that of the latter type includes blends with starch,
blends with aliphatic polyesters and the like. Biodegradation of
the biodegradable resin includes biodegradation by an enzyme such
as lipase, amylase, cellulase, protease or the like, that by
microbes in active sludge or the like, that by soil in a natural
environment such as forest or cultivated land, and the like.

More particularly. the biodegradable resin includes
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whil e.being rotated, during which the follow ng biodegradable resin
fluidized is collected in the inner space of the cylinder 1 on the side of
the distal end of the screw 2 for the next operation and the bi odegradabl e
resin foamB in the form ng space R of the formng nold Ais allowed to be
cool ed and solidified. Then, the formng nold Ais released from cl anpi ng
by the nold clanp nmechanism so that the biodegradable resin foam B may be
renoved fromthe nold A followed by rescl anpi ng of the nold A for the next

operatio 1%h¥droxyt etldﬂtytorq ?AQOQnQe(?eC,}’i‘gﬁd ael%O\égér Lﬁ.gfqr adabl e resin

fluidize orm ng space an- &? Yan préssure
whil e beFﬁbl‘an‘b?ﬁ‘Z‘éHL“’rséé‘uPH‘hgf?n ﬁbl?ﬁg‘%pﬁ@&@ovmioe@mﬁllﬂheef.or m ng

space R amyespecsi weo af miaqonﬁlgu[ﬁééﬁztfﬂymb&oﬁfpéh§@ertfHdB Qemﬁbhélghgeln
i S
o e SO a0 gy gL Ly L LSBT, e
po yurethane,,fpolyamlde and the like. Such materlals
substantially have a low-melting point and are readily decomposed
in the presence of water.

The first biodegradable resin ingredient of 100°C or
more or main biodegradable resin ingredient which is commercially
availatle includes resin sold under "Mater-Bi" (registered
trademark) from Nippon, Gosei Kagaku Kabushiki Kaisha, Japan.

The resin was developed by Nevamont belonging to a Montedison
group, Italy and is said to bé a thermoplastic biodegradable
polymer comprising derivatives from a plurality of agricultural
products such as starch and the like and denatured polyvinyl
alcohol wherein the derivatives and alcohol get into each other
at a molecular level, to thereby bonded to each other by hvdrogen
bonding. Also, it is said tha: the biodegradable resin is-
swolier cue to absorption of koisture, resulting_in
biodegracation thereof being promoted, to thereby exhibit
substartially the same biodegradability as paper in an
envirorment in which microbes exist. In addition to "Mater-Bi"
described above, for example, acetate which is an ester compound
of cellulose may be of course used as the first biodegradable
resin ingredient having a melting point of 100°C.or more. In
this instance, the biodegradable resim may comprise only the
first biodegradable resin ingredient of 100°C or less in melting
point or main biodegradable resin ingredient, to thereby
eliminate addition of the second biodegradable ingredienﬁ of
100°C or less in melting point or low-melting biodegradable resin
ingredient deécribed hereinafter thereto.

The low-melting biodegradable resin ingredient, even
when ary cavity or void occurs in the biodegradable resin during
formation of the biodegradable resir into a foam, functions to
permit walls of cells of the foam to adhere to each other as much

as possible. [In the present invention, for example,
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-40-.formng nold Ais fornmed into a conplicated shape, the nethod
mnimzes or substantially elimnates a di sadvantage that the foaned cells

of the biodegradable resin are collected at positions away from an inner
surface of the form ng nold,

~19-

polycaprolactone or a material containing polycaprolactcne may be
preferably used for the low-melting biodegradable resin
ingredient. Such a low-melting biodegradable resin ingredie-rt
which ‘may be commercially available includes resin sold under a
traden;me'“Tong" from Nippon Unicar Kabushiki Kaisha, Japan. The
commercially available resin "Tone" comprises polycprolactone

which is aliphatic polyester chemically synthesized and is of

the
full decomposition type.

Also, in the present invention, the biodegradable resin
may have polyhydric alcohols and/or derivatives thereof added
thereto as desired. 1In particular, glycols are preferably added
to the resin. Addition of polyhfdric alcohols or the derivatives
permits moisture in the biodegradable resin to be increased in
boiling point, so that the moisture functions also as a
plasticizer. Also, the polyhydric alcchols and the derivatives
per se each also act as a plasticizer, so that the cells of the
foamed biodegradable resin may be rendered compact and unifornm.
The polyhydric alcohols and derivatives includs glycerin,
polyethylene glycol and the like, and cerivatives thereci.

A means for permitting moisture to be containeé¢ or
present in the biodegradable resin is not limited to any specific
means. For example, a suitable amount of moisture may be
previously contained in the resin when pellets of the
biodegradable resin for foaming are formed. Alternatively, =z
pretreatment step is provided for permitting a suitable amount of
moisture to be positively contained in particles of the resin.
Alternatively, moisture may be charged in a hopper together with
biodegradable resin directly or through a kneader. Thus, it will
be noted that feeding of the biodegradable resin and moisture is
not limited to any specific manner. Also, addition of a fine
particle-like hygroscopic material having moisture previously
absorbed therein such as, for example, talc or silica to the
biodegradable resin as in the pellets for foaming permits a foam
having cells formed finely and uniformly to be provided, because
moisture in the fine particles exhibits good compatibility and
dispersion with respect to the biodegradable resin as ccmpared
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resulting in the foaned cells being collapsed due to forcing by
subsequent |y extruded bi odegradable resin. Thus, the biodegradable resin
foam B obtained fully conforms to a configuration of the form ng nold and
exhibits uniformty, resulting in being effectively applied to a
satisfactory cushioning material . In the apparatus of the
i1lustrated enbodi nent, an exterior of the formng nold A may be exposed to
an atnosphere ventilated. This pernits20he water vapor to be forcibly

out war dl y; df sghas @ (400G 5058 NEhdBd & And RoliRELEDY: £Xd i /2N
advantage of effectivel preventlng lestén: mhlcg hgs.gncg:cqntrLbuted to
foami ng BRTEREIBY SRRYTHAPABRE FRSTREP o8N Y-t RSdRER AGYEHLE hEF T&diat iPgam to
t her eby premenhe shinekeeys igfleshe f oam The formng nmold A may be
arranged in the ChaibgioddgrQdaBUbCEe 810 ESRIIE deN 1A BEEDSPNEI R Qg de the
formng gg'grﬁﬁﬁgea by:foaming the biodegradable resin kept fluidized by

heating and pressuring by means of expansion force due to

vaporization of moisture contained therein. At this time, the

resultant foamed resin is reduced in temperature to a level of

about 100°C by vaporization of the moisture. This causes the

main biodegradable resin ingredient or first biodegradable resin

ingredient to be solidified because a melting point thereof is

100°C or more, whereas the low-melting biodegradable resin

ingredient or second biodegradable resin ingredient is kept from

being solidified because its melting point is 100°c or less; so

that the latter ingredient acts as an adhesive with respect to

the former ingredient. Thus, even when any cavity and/or wvoid

occur in the foamed resin during the formation, walls between

cells of the foamed resin are substantially adhered to each

other, so that the biodegrada®ble resin foam B may be provided

with satisfacfory quality.

When the biodegradabie resin starting material for the
biodegradable resin foam B of the present invention comprises
moisture, the biodegradable resin and a water repellent material,
the watexr repellent material and moisture may be previously
contained in or added to the biodegradable resiﬁ, followed by
charging the starting material into an injection molding machine,
because the biodegradable resin is placed under é heating and
pressurizing condition in the presence of the water repellent
material and substantial moisture. The water repellent mater:al
may include silicone compounds, fluorine compounds, waxes,
polymers of a higher fatty acid and the like. 1In the illustrated
embodiment, a commercially available material which is
manufactured by Kabushiki Kaisha Sigma Gijutu Kenkyujo and sold
from Tonen Kabushiki Kaisha under a tradename "Sigma coat" andé
mainly consists of polymers of a higher aliphatic acid and waxes

may be used as the water repellent material. Addition of the
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a level below an atnospheric pressure. This permts a difference between a
pressure outside the formng nold A and that inside the nold to be

i ncreased, so that the resin may be foaned to an increased degree and
forced discharge of water vapor fromthe nold is increased to mnimze
condensation of the water vapor on the resin foam Al so, in the

il lustrated enbodi nent, at |east one nozzle 12 may be arranged with respect
to the narrowed opening |la as shown i-r1Fig. 14. In Fig. 14, a-.plurality of

such nozzles 12 r n_th y t ati Ve L he cylinder
1 may be“?’év‘%‘égif & Q%?glaq é Eﬂgr{é%(?g% %daﬁs? g\%\grklaé ot?erred Wi %/h a
plurali F}"B#eﬂl Piet j rﬁ‘éctei"cﬁ*l’%ﬁr't by 1d1ilup &Re tlifefatRE ERBOUI®ENt is so

constr UGxTanrtlbat (t heghd aegradahke wesen and itjeactedtingoit heo fHémrd ngh nol d
e AL TR e i e
while ké@gmﬂgs|phe water repellent material and moisture to be

concurrently added to the biodegradable resin. Alternatively,

addition of the water repellent material to the biodegradable

material and that of moisture thereto may be carried out

separately from each other. For this purpose, the wafer

repellent material may be added to the biodegradable resin

containing moisture. The biodegradable resin foam B of the

present invention thus formed is not limited to an application to

a cushioning material. It may be directed to various

applications suchk as a2 heat insulating material, a sound

insulating material and the like as in a conventional foamed

styrol material.

Xow, a method for prcducing a biodegradable resir foam
according to the present inventior will be cescrited hereinafter
together with an apparatus suitable for use for practicing the
method. TFTirst, the apparatus will be described with reference to
Fig. 1.

The appzratus includes a cylinder 1 formed into a shape
like a cylindricazl container, which is provided on an upper
portion of a rear end section thereof with a2 hopper 1l for
charging a biodegradable resin starting material for a resin foam
therethrough intc the cylinder 1. The cylinder | is formed at a

~distal end therecf with a narrowed opening la and provided on
around a periphery thereof with a heater 13.

The cylinder 1 is provided therein with 2 screw 2 in a
manner to extend in a longitudinal direction thereof and be in
proximity to an inner surface thereof. The screw 2 is so

- arranged that a rear end thereof is outwardly projected through
an opening formec at a rear end of the cylinder 1 and connected
to a front porticn of a hydraulic motor 21 for rotating the screw
2. The hydraulic motor 21 is mounted on a rear portion thereof

with a piston 23, which is slidably received in an injection

AR N A RGN AT
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-41- atom zed. Further, the apparatus of the illustrated
enbodi nent may be constructed in such a nmanner as shown in Fig. 16. More

-22-
cylinder 22, so that the piston 23, hydraulic motor 21 and SCrew
2 are hvdraulically moyed integrally with each other in the
longitudinal direction.of the cylinder 1 and the screw 2 is
rotated by the hydraulic motor 21.

Thus, *an injection machine S which is a so-called in-
line screw typ; injection molding machine is constructed. The
injection apparatus S is provided at a distal end seﬁtion thereof
with ar air-permeable forming mold A, which includes a fixed mold
part 3 formed with a cavity 31 communicating with the narrowed
opening la of the cylinder 1 and a movable mold part 4 formed
with a core 41. 1In the illustrated embodiment, the cavity 31 is
foramed into a configuration like a substantially triangular
pyramic and the core 41 is formed into a triangular pyramid-like
shape ccrresponding to the cavity 31 but smaller by a thickness
of a2 fcrmedé product or resin foam B (Fig. 3) than the cavity 31.
Tre fixed andé movable mold parts 3 and 4 thus constructed are
claaped together, to thereby define a space of a trihedral

structure of which three surfaces are perpendicular to each

[}

-
(.

er, resulcting In providing such a formed product or

o
)4

icdegradatle resin fcam product shown in Fig. 3.

Reference numeral 40 designates a moid clamp mechanism
arranged in combinaticn with the forming mold A, which mechanism
ircludes a tie bars 42 and 43, and an actuator mechanism 44 for
accessibly operating the tie bars 42 and 43 and movable mold part.
4 so as to access the movable mold part 4 to the fixed mold part
3 while keeping both parts opposite to each other.

The forming mold A is made of a porous material having

v

nuzber of pores or holes formed therein while being arranged in a
net-like manner so as to communicate an interior of the mold A
with an exterior thereof. Such a porous material includes a
foamed metal material, a sintered material made by sintering
metal, ceramic or the like to which a filler capable of forming
the material with voids is added, a material made by subjecting a
wire mesh, a2 punched metal plate or the like to pressing and
laminating, and the like. The forming mold A may be readily

maZe, fcr example, by forming a single punched metal plate intc a

REPLAGH

24 JAN 1897

ety

jainhicas REUL L L O VS




particularly, the chanber 5 is divided into a plurality of pressure
reduci ng chanbers 53, 54 and 55 which are constructed so as to be airtight
with respect to each other and arranged so as to surround the form ng nold
A. The chanbers 53, 54 and 55 have pressure reducing pipes L[err] connected
thereto, respectively. Thus, a degree of pressure reduction in each of the
chanbers may be varied through the pressure reducing pipe L[err], to

t hereby adjust filling of the biodegradable resin in of the forn1ng space R
of the fiosddveg mmled Aowlﬂuherbewng kept wiicnicaed, &6 ikazieade may shgechar ged

in the formng So‘%a‘l%e QOIzL”:E‘a{]é){ ”ath gga.a %DEQS Bhﬂi&pia hi gh
efficienc I'n th tance cons ruc ed so as to be
oper at e®ff § 1 %ﬁﬂﬁﬂﬂﬂﬁnﬁ§ﬁﬁﬁﬁfh°fhﬁa?%ﬁrﬁqﬂfﬁnﬂ“& AffiC1enCY °fin the method of

t he presentilaniam, onewevie, bandegt adablee imesieAsst ant § e Nt @hedlporRy
COMPIT Sgq DL 544 fen flsQdAQeEB L Re ' 554 &b AW o3 pRRLCHa" EPELI AU B hlA - AN

appar at us
foamed resin after foaming of the resin. Thus, the pores of the

porous material should be set to a size which permits a surface
of the resin foam to be provided with smoothness suitable for
applications to which the foam is directed while preventing
Tesistance to permeation of air through the mold A from being
excessively increased. In view of the above, a punched metal
plate is suitable for use as the porous material for the forming
mold A because it permits a diameter of the pores, the number
thereof and a pitch thereof and the like to be readily set and is
simplified in structure.

The forming mold A and mold clamp mechanism 40 are
arranged in a chamber 5 of an airtight structure acting as a
pressure adjuscting chamber. The chamber 5 includes a wall joined
to a rear surface of the fixed mold part 3 of the mold A and is
provided with & door (not shown) through which the resin foam
made of biodegradable resin is removed. The chamber 5 has a
pressure reducing pipe L1 connected thereto, which is provided
with a pressurs reducing valve V1 and connected to a pressure
reducing pump ?1 through the valve 1e Also, the chamber 5 has an
atmospheric pressure releasing pipe L0 connected thereto, which
is provided with an atmospheric pressure releasing valve Vo for
releasing a pressure in the chamber from a reduced pressure state
to an atmospheric pressure.

Now, a2 method for producing a2 biodegradable resin foam
according to the present invention practiced using the apparatus
constructed as described above will be described hereinafter.

First, the forming mold A is clamped through the mold
clamp mechanisc 40 and the pressure reducing valve V1 is closed
to keep the chamber 5 at an atmospheric pressure. Then, as shown
in Fig. 1, the hopper 11 is fed with biodegradable resin

particles 10 ir which moisture is contained, which are then

hFPLAUL!‘ﬁT W vy
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suitable for practicing the nethod using the bi odegradable resin starting
mat eri al of such conposition is shown in Fig. 17, which apparatus nay be
constructed in substantially the same nmanner as that shown in Fig. 1,

except that the chanber 5 is elimnated. Particles 10 of bi odegradable
resin which contains a substantial anount of noisture and a water repellent
material are charged in a hopper 11 and then forcibly forwardly transferred
in acylinder 1 by means of a screw 2,-84ring which the biodegradable resin

particl esféxoc&ney Ifracrwa@a@si tPad A& Al LLrne tthQ aywu@ér NEy Gea@st @R PHe POI Nt
of the resin or qﬁ@ % g %F ﬂereo ea% orce due to rotation
of the scPeW* 2afnd * BBF P He it Sy rp8|"?1téc gt et AF " <E %2858 nfor
exanpl e, oénpdxoarurk/Gloerr L€velhe§ 7 esfittenniing mhenbloﬁegh%ukﬂﬂ4m Pgsi n bei ng

col | ect edyl i Af 'm% %m@qeo@fb;. hén &1 I.{gdefrorleedenan@&l P4t A Gnstal cged side
of the screw 2 while bein IS tqu% t he i nner

space of fﬁée%yqIﬁﬂﬂaﬁeftlggkéBPglef thereto from the eater resulting

in being fluidized in an inner space of the cylinder_l defined on
a distal end side of the screw 2. '

At this time, the inner space of the cylinder 1 is kept
heated and pressurized, so that moisture contained in the
biodegradable resin particles 10 is kept trapped in the fluidized
biodegradable resin without evaporating therefrom. Then,
rotation of the screw 2 is stopped and then the piston 23 in the
injection cylinder 22 is actuated to forwardly move the screw as
shown in Fig. 2(a), resulting in the biodegradable resin
fluidized being injected through the narrowed opening ia into a
forming space R defined in the forming mold A at a2 stretch.

This causes the biodegradable resin in the heated and
pressurized state to be rapidly exposed to an atmosﬁhe:ic
pressure, so that moisture trapped therein may be instantanecus.y
vaporized, leading to foaming of the resin. Vaporization of the
moisture causes expansion force to occur in the biodegradable
resin. However, an outermost portion of the resin is contacted
with an inner surface of the forming mold A, resulting in being
regulated by a configuration of each of the cavity 31 and core
41, to thereby provide such a biodegradable resin foam product 3
as shown in Fig. 3 which is wholly integrally formed.

In the foaming, the moisture is decreased in temperature
after the vaporization énd expansion, resulting in drifting
inside and outside the forming mold A in a steam state or
condensing on a surface of each of the forming mold A and foanm
product due to contact tﬁerewith, so that the moisture tends to
form water droplets. In order to avoid formation of water
droplets, the pressure reducing valve V1 is open immediately
after extrusion of the biodegradable resin into the forming molcd
L as shown in Fig. 2(b), to thereby reduce a pressure in the

chamber 5 to a gauge pressure of, for example, about 750 mmHg bt

B L T
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heat.ed and pressurized, so that noisture contained in the
-42- biodegradable resin particles 10 is kept trapped in the biodegradable

resin w thout evaporating therefrom Then, rotation of the screw 2 is
stopped and a piston 23 in an

-25~

evacuation ;hrough the pressure reducing pump Pl' During the
evacuation, wvater vapor is partially sucked in the pressure
reducing pipe L1 priqr to formation of water droplets. Also,
moisture which tends to form water droplets on the surface of
each of the forming mold A and resin form product B due to
condensation i; likewise removed by evaciuation under a reduced
pressure. |

Following evacuation under a reduced pressure for a
predetermined period of time, the pressure reducing valve V1 is
closed ané the atmospheric pressure releasing valve V0 is open,
so that air is introduced through the atmospheric pressure
releasing pipe L0 into the chamber 5 to return the chamber to an
atmospheric pressure. Then, the screw 2 is retracted while being
rotated as shown in Fig. 2(c), resulting ir the next
biodegradable resin fluidized starting to collect in the inner
space of the cylinder 1 on the side of the distal ené of the
screw 2 fcr the next injection, during which cooling and
sdlidification of the bicdegradable resin foan product B in the
forming space R of the forming mold A is ccaplezed. Thereafter,
the formirg mold A is rendered open to remcve the formed
biodegradable resin form product B therefrom, fcllowed by being
clampad fcr the next operation.

The forming mold A, as described above, is formed at at
least a part thereof of a porous material which permits an
exterior of the mold A and an interior thereof to communicate
with each other, to thereby be provided with z2ir-permeability,
resulting in a pressure of gas generated in the forming mold A
due to expansion of moisture being effectively escaped to the
exterior of the mold A. This not only effectively prevents the
gas pressure from collapsing the resultant biocdegradable resin
foam, but decreases a pressure in the chamber 5 due to evacuation
to forcibly remove moisture contributing foaming of the resin
from the chamber 5, to thereby keep the resin foam from being
contacted with the moisture. Thus, cells of the resin foam are
substantially preverted from being collapsed, resulting

satisfactory cells being uniformly distribured cver the resultant
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I njection cylinder 22 is actuated to advance the screw 2, so that the
fluidi zed bi odegradable resin may be injected through a narrowed opening la
framthe cylinder into a forming space R of the formng nold A at a
stretch. Thi s causes the bi odegradable resin in a heated and
pressurized state to be rapidly exposed to an atnospheric pressure,
resulting in noisture trapped in the resin being instantaneously vaporized
to foamthe bi odegradabl e resin. The abguve- descri bed wat er repellent
material has a_boilin 0|nt hi ?P?that of water, so that nost of the

wat er r ep&FRENE ARt eFf at P bl dFFals BfUBREH D cells of

t he foansdsbugdegsauab¢tﬂakxﬂ n. Vaporlzatlon of the noisture causes

expansj on force OM@%ﬂscW@w :%e0GeULst Pat&i® vURGeadahhy v&Si N.
However, an outer portjon 'of the bi odegradabl e resin |sftgpt contacted

with an iSPR&ETE6FF cé“ of*the MAhAg “ABF d®A-S T & Het @55 VHRYT et B TPy
confi gur aitn anhwﬁrastgpptn@pmgnua;ticle material, which is then dlspersed

in the biodegradable resin, to thereby provide the bipodegradable
resin starting material for the resin foam. In this instancé,
the moisture is highly uniformly dispersed in the biodegradable
resin fluidized which is extruded from the injectrion machine §
while being kept carried on the fine particles, so that the
moisture permits the resin to be foamed while acting the fine
particles as an origin or center of the foaming, resulting in
foaming of the resin being rendered uniform.

The appafatus suitable for use for practicing the method
of the present invention may be constructed as shown in Fig. 4.
More particularly, an apparatus shown iIn Fig. 4 includes a
chamber 5 divided into a movable-side part 51 and a2 fixed-side
part 52, wherein the movable-side part 51 is arranged so as to be
movable together with the movable mold part 4. Such construction
permnits the forming mold A and chamber 5 to be concurrently
operated, to thereby facilitate removal of the biodegradable
resin foam B from the mold A and chamber 5.

Now, an experiment made for ascertaining functions anc
advantages of the present invention will be described
hereinafter.’

Experiment

Biodegradable resin foams were produced while varying a
period of time between.starting of extrusion of the biodegradable
resin through the narrowed opehing la and starting of evacuation
under a reduced pressure (release lapse time) and a period of
time during which evacuation was carried out (pressure reduction
time), followed by observation of the products.

Conditions for Experiment

An injection molding machine of Type PS60E12ASE
manufactured by Nissei Jushi Kogyo Kabushiki Kaisha, Japan was

used as the injection machine S. The injection molding machine
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defined by a cavity 31 and a core 41, so that such a bi odegradable resin
foamB integrally forned as shown in Fig. 19 nmay be obt ai ned.

Then, the screw 2 is retracted while being rotated as shown in Fig. 18(hb),
so that the follow ng biodegradable resin fluidized is collected in the

I nner space of the cylinder 1 on the side of the distal end of the screw 2
for the next injection. Concurrentl y, the biodegradable resin foamB
formed in the cavity 31 of the forning nold Ais allowed to be cool ed and
solidified, so that releasing of the” 5Fning mold A fromclanping by a nold
cl anp nbefhaai sem gerdd ame telre of e85 nmift paam B 1t iz clyd omempvedof ridn  hm avi,ty 31,

fol | owed,byn §&&PdN % fs stuh@ G@l@stfﬁﬁfiéﬁg,n%XECQQQr?$££¥Eon speed of | N the
met hod descr di above, the water re e¢|entfgpter|al £0£ns a filmfor
coveri ng égch TP e d F§*8H5t A% b ode2ddBFe 3 F et PF FHHI® ¢ hér eby

ef fecti weky prQQQMWet¢ﬁ36O kgf/cm~. The experiment was made under
injectioh conditions that the injection rate, injection pressure,
screw rotation speed, back pressure and variable are set to be
98%, 98%, 90%, 30X and 40 mm, respectively.

The forming mold A used was constructed by forming a
punched metal wholly formed with holes of about 1.2 mm in
diameter and having a thickness of 1.5 mm into a box-like sha;e.
(100 mm x 100 mm x 50 mm) by welding and the like. The chamber 5
was formed into a volume 50 1 in such a manner as shown in Fig. 4
and evacuated to a gauge pressure of 750 mmHg.

Results of Experiment

The results were as shown in Table 1.

Table 1
Release Lapse Pressure Reduction Volume Density State
Time (sec) Time (sec) (ce) (g/cc)
0 5 635 0.0&2 Ja\
5 0 454 0.052 X
5 10 | 504 0.046 '®)
5 20 502 0.046 O
5 30 526 0.0643 C
5 120 531 0.043 @)
1 - 30 608 0.042 (@)

In Table 1, X indicates that the resin foam exhibited remarkabvle
shrinkage, A indicates that the resin foam was formed with a lot
of voids, (Qindicates that the foam was decreased in shrinkage,
and @ indicates that the foam was substantially free of
shrinkage. The pressure reduction time "0" indicates that the
chamber 5 was kept from being evacuated for pressure reduction,
resulting in being kept at an atmospheric pressure. As will be
noted from the results shown in Table 1, evacuatior for pressure

reduction permits shrinkage of the biodegradable resin to be
decreased.

e i A s giesriae e e = e
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foaned cells from being col | apsed or broken due to swelling

-43- and/or softening of the biodegradable resin caused by contact of the
resin foamwith water. Mrre particularly, formation of the filmexhibits a
first advantage of preventing noisture which has

-28-~

In the illustrated embodiment, a2 timing of evacuation
for pressure reductioq in the chgmber 5 may be set before, during
or after extrusion of the biodegradable resin via the narrowed
opening la into the forming mold A. Alternatively, the above-
descriged pressure reduction due to evacuation of an atmosphere
surrounding th; forming mold A may be replaced with a means shown
in Fig. 5. More particularly, the forming mold A is located in a
ventilating duct D having a fan f arranged therein, so that
moisture may be removed from an interior of the forming mold A by
actuation of the fan f, to thereby keep the resin foam from being
contacted with the moisture. _

Although nrarrowed opening la is kept open and the hopper
11 of the cylinder 1 is also kept open, the cylinder I is kept
closed to a certain degree, However, a decrease in degree of
closing of the cylinder 1 causes pressurization in the cylinder 1
to be insufficient, so that there is a possibility that a
relationship between a softening point or melting point of the
biodegracdavle resin and a boiling point of moisture or water
pressurized in the cylinder causes the moisture to be partially
vaporized, resulting in foaming of the biodegradable resin
occurring in the c¢vlinder 1 prior to injection of the resin into
the forming mcld. Also, this tends to cause foaming of the
biodegradable resin extruded from the narrowed opening la while
causing it to hang down from the narrowed opening la. In érder
to avoid such a problem, it is preferable that the illustrated
embodiment is provided with a means'for increasing a degree of
closing of the cylinder 1. For this purpose, the narrowed
opening la may be provided with a nozzle equipped with a shut-off
valve. Alternatively, the hopper 11 for feeding the starting
material to the cylinder 1 may be constructed so as to be tightly
closed. Also, the hopper may be provided with a rotary valve.
Further, foaming of the biodegiadahle resin in the cylinder 1
prior to the injection may be restrained by dissolving a non-
volatile solute such as polyethylene glycol in water and thén

adding the resultant solution to the biodegradable resin to

increase a2 boiling point of water.
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once contributed to foam ng of the biodegradable resin due to vaporization
add expansion thereof fromre-adhering to the foam product and a second
advantage of m nim zing softening and swelling of the resin foamin use.

Al so, when a natural fatty acid polynmer may be used as the water repellent
material, the - whol e biodegradable resin foamexhibits satisfactory

bi odegr adabl e properti es because the polyner is |ikew se bi odegradabl e.
The apparatus of the illustrated enbederent may be nodified in such a

manne h Fi |
20, arfgfmsnom SerA'v‘-’ne 2% rNQrgpP@rH&é’ 954@/ cﬂe@ aegwaﬁa&a;wneoi Fi g.

'S g n an airtight chanber 5 which can be
di vi dedaddaé Bo mm:@dsqsdéds AE BeShhd B Iduedod gé |58Ftb5?‘,ie§’badcar1ba’te

pressur@ek@dUchbing Yals/enod arimlitied teneetedsopernpfattha piedegeadabbe tim ng

h f
oue degf éagg{nej%gp%ﬁ%hr&u%hﬂ% feeaed b&L@ﬁfn@ro;afltn% c%auawﬁlp& § he

rrowe ort lainto™a formn
into the fo*mlng molid A. It may be carried out in such a manner

that the forming mold A in which the biodegradable resin having
the hygroscopic fine-particle material previously dispersed
therein is charged is arranged in a closed heating vessel and
then the heating vessel is fed with heated water vapor, followed
by a rapid decrease in pressure in the heating vessel. The
hygroscopic fine-particle material is not limited to a round
powdery configuration. It may be formed into a shape like a thin
piece or 2 rod-like shape.

In the illustrated embodiment, it is not necessarily
required tc add the hygroscopic fine-particle material to the
biodegradatlie resin. The bicdegradable resin may have water
previously contained therein. Alcernatively, biodegradable resin
containing equilibrium moisture under an atmosphéric pressuire may
be used for the present invertion. Also, the biodegradable resin
and moisture or water may be separately zdded to the hopber 1.

In the illustrated embodiment, extrusion of the
fluidized biodegradable resir into the forming mold may be
carried out while placing a2 nozzle arranged with respect to the
narrowed opening in the depths of the forming mold at the time
when operation of the nozzle is started and retracting the nozzle
relative to the forming mold during extrusion of the
biodegradable resin. This may be carried out by means of an
apparatus constructed in such a manner as shown in Fig. 6.

The apparatus shown in Fig. 6 includes an elongated
nozzle 16 connected to a narrowed opening la so as to forwardly
outwardly extend in a longitudinal direction of a cylinder 1. In
correspondence to arrangement of the nozzle 16, a heater 13 may
be arranged in the nozzle 12 as well as around the cylinder 1.
Also, a fixed mold part 3 of a forming mold A is formed with a
through-hole 32 communicating with a cavity 31, so that the

nozzle 12 may be inserted into the fixed mold part 3 via the
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nol d-A, to thereby reduce a pressure in the chanber 5 through a pressure
reduci ng pipe L1 by neans of a pressure reducing punp Plerr].
AlL.ternatively, the illustrated enbodi nrent nmay be constructed in
substantially the same nmanner as the apparatus descri bed above with
reference to Fig. 5, wherein the formng nold Ais arranged in the
ventilation duct D which is forcibly ventilated by neans of the suction fan
f. Such constructions each permt noisjoure to be forcibly renoved fromthe
form ng gp ﬁ\ nbQe tg?reby rmre positively prevent shrinkage of the

bi odegra A01& M SR n Fig. reference character L[err] designates an
at nospheric pressdfe. riefFe%ttﬂ r?glbpﬁpieeandoﬁloﬁ& & atheofpheing mylesdur e

rel easi ngaval \ﬁ%larE@-Hﬂﬁdﬂédhatrh%mmddheeOéuﬁﬁ&ﬂcp%n'—a[@EH‘le-’ base 6, | N the

illustra ed enbodi ment t he hiodegr.ada esi rti i sture and
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Al t er natgopgined pneacyp?’ﬂﬁeﬁrulifarmy therppebyvi d'bldewattfrleem bnbetﬁ post, through

whi ch t hgsyitiedt Wnh€20fear end thereof or a left-hand end thereon in Fig.
6 with a frame plate member 64, which has a piston 66 connected
thereto so as to forwardly extend therefrom. The piston 66 is
arranged so as to be reciprocated in a hydraulic cylinder 65.
The hydraulic cylinder 65 is fixed on a suitable suppor: (not
showr) and functions to apply a2 hydraulic pressure to the piston
66 to move the carrier base 6. Thus, in the il%ustrated
embodiment, the carrier base 6, guide rails 61, wheels 63, frame
plate memrber 64, hydraulic cylinder 65 and piston 66 cooperate
with ezch other to provide an access mechanism 60.
Alternztively, the illustrated embodiment may be sc constructed
that thke carrier base 6 may be freely moved by a pressure due to
extrusior of biodegradable resin without arrangement of the
hydrzulic cv¥linder 65 and pistcn 66. In this insténce, an
actuatior control mechanism 7 including an electromagne: and
having a field current adjustment section 71 connected thereto is
arranged on the wheel 62 to control a speed of retraction of the
carrier tase 6. The remaining part of the illustrated embodiment
may be constructed in substantially the same manner as the
embodiment described above with reference to Fig. 1.

The manner of operation of the apparatus of Fig. 6
constructed as described above will be described hereinafter.
The apparatus is adapted to extrude fluidized biodegradable resin
into the forming mold while placing the nozzle arranged with
respect to the narrowed opening in the depths of the forming mold
at the time when operation of the nozzle is started and
retracting the-nozzle relative to the forming mold during
extrusion of the biodegradable resin.
More particularly, the forming mold A is kept clamped

and the carrier base 6 is positioned at a forward position so

that a distal end of the nozzle 12 arranged at thelnarrowed




wat er

-44- Al so,

repellent material may be fed directly to the cylinder 1

resin foamthrough the formng nold A by each batch producti on.
Alternatively, the resin foam may be extruded

-31- -
opening la is positioned in the depths of the forming mold A.
Such arrangement of the nozzle 12 may be attained through a
stopper provided on, for example, the guide rail 61. Then,
partid;es 10 of biodegradable resin and moisture are fed to
hopper 1 dﬁd fgrwardly forcibly transferred in the cylinder 2 by
means of a screw 2, during which the biodegradable resin
particles 10 are increased in temperature to a level near a
softening point of fhe resin or a melting point thereof by -
shearing force due to rotation of the screw 2 and heat applied
thereto from the heater 13. This results in the biodegradable
resin being collected in an inner space of the cylinder 1 defined
on a side of a distal end of the screw 2 while being fluidized.

At this time, the inner space of the cylinder 1 is kept
heated and pressurized, so that moisture contained in the
biodegradable resin particles 10 is kept trapped in the
biodegradable resin without evaporating therefrom. Then,
rotation of the screw 2 is stopped and a piston 23 in an
injection cylinder 22 is actuated to advance the screw 2 as showr
in Fig. 7(a), so that the fluidized biodegradable resin may be
injected from the cylinder 1 through the nozzle 12 into a forming
space R_in the forming mold A at a stretch.

This causes the biodegradable resin to be rapidly
exposed to an atmospheric pressure, so that moisture trapped in
‘the resin is caused to instantaneously evaporate from the resin
to foam the resin and the forming mold A is retracted rearwardly
or in a left-hand direction in Fig. 7 by a hydraulic pressure of
the hydraulic cylinder 65. This results in the biodegradable
resin successively foaming while being extruded in order from a
side of the depths of the forming mold A. A speed at which the
forming mold A is retracted is adjusted by hydraulic control of
the hydraulic cylinder 65. An excessive increase in speed of the
forming mold A causes an excessive amount of biodegradable resin
to be extruded in an entrance section of the forming mold A,
leading to positionally non-uniform foaming of the resin; whereas
an excessive decrease in speed of the mold A causes cells of

biodegradable resin foamed in the depths of the mold A to be
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the illustrated enbodi nent may provide a single biodegradabl e



t hrough a cap, to thereby be obtained in the formof a continuous rod of a
sui tabl e sectional configuration corresponding to a configuration of the
cap. Ih this instance, a plurality of the rod-like resin foans which have
been extruded or is being foaned are conbined with each other to provide a
continuous rod-1ike product of an increased thickness. Further, an
air-perneable cylinder in place of the formng nold A may be arranged in
front of the narrowed opening la, so thg,t7 a plurality of foam products

extruded through the cylinder are joined’in parallel to each other by neans

of an adhesill@psAit by nhi¢dednedatie resin evhreded csyhsiesadntdyet hereto.
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extrusi on tehrsouglesaAve hy eexioiedliai agsHachbhe droutte inj kern foem a side
of the depths of the molid A. Expansion force of water vapor
occurs in the biodegradable resin. However, an outermost portion
of the biodegradable resin is ker:t contacted with the forming
mold A, to thereby regulated by 2 configuration of a cavity 31 -
and the water vapor is outwardly discharged through pores of the
forming mold A, so that a biodegracdable resin foam B integrally
formed may be obtained. Then, the screw 2 is retracted while
being rotated as shown in Fig. 7(c), during which collection of
the next biodegradable resin fluidized in the inner space of the
cylinder 1 on the side of the distal end of the screw 2 starts
for the next injecticn. Concu;r ntly, the biodegradable resin
foam product formed ia zhe cavity 31 of the forming mold A is
allowed to be cooled an:i solidified, so that releasing of the
forming mold A from claz=ping by <Ze clamp mechanism 40 permits
the resin foar B to Te -cemovad from the cavity 31, followed by
clamping of the mold A Zor the next operation.

As noted frem the above, the illustrated embodiment is
so constructecd that the nozzle 12 is initizlly positioned in the
depths of the forming mold A and then successively retracted
while extruding the biodegradable resin into the forming mold A,
to thereby bermit extrusion of the biodegradable resin to be
carried out while keeping a portion of an inner space of the mold
to be subsequently charged with the biodegradable resin and an
extrusion port of the nozzle 12 in proximity to each other.

Thus, the illustrated embodiment constantly keeps the
biodegradable resin succéssively extruded into a portion of the
forming mold A at which foaming of the resin is desired. This
permits the foaming to be completed while ensuring that the
biodegradable resin extends well through the forming mold A, to
thereby substantially eliminate the above-described disadvantage
that foamed cells of the biodegradable resin collected while

being separated from ar inner surface of the forming mold A are
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exanpl e, the present invention nmay be conveniently applied to foam ng
practiced according to a procedure wherein the air-:perneable foam ng nold
A is arranged in a closed heating vessel, a predeterm ned amount of

bi odegradabl e resin containing a water repellent material is charged in the
formng nold A heated water vapor is introduced into the heating vessel
and then a pressure in the heating vessel is reduced. Also, in the present

i nvention, the step of foam ng the blfgegradable resin and the step of
subjecting the foamed resin to formaiTtn nay be carried out separately.

Now, enrfiagdiederstys tbe &nl hpprathiodezrrdabpeesentni menitlitamewiincheiisgf eat ur ed
in a pressuns ead usnuag Hﬁ&m&@r@wamgeqewnafwm rlﬁ'JalﬁlchAb§nghe

mbodi t f th t t f th
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Ref er r idwp fHdedstconf Bugat 2dn zd exmddmme.mw shffihicient to exhibit
sazisfactory clishioning properties.

In the illustrated embodiment, relative movement between
the forming mold A and the nozzle 12 is accomplished by movement
of the forming mold A retractably constructed. Alternatively, it -
may be attained by constructing the injection machine § in a
rezractable manner. Also, both may be retractably constructed.

A srteed of relative movement between the mold A and the nozzle 12
ma~ be controlled thrcugh, for example, the hydraulic cylinder
65. Such constructior permits foaming density (filling degree)
of tne biodegradable resin foam B to be controlled, to thefeby
vary properties ci the foam B. For example, this permicts the
fozz to be formed sc as to have a hardened surface and a
sotened inner laver. .

The nozzle 12 may be formed at an outlet port thereof
irzc a diamezer cecrezsed to a degree sufficient tc permit the
bizdegradable resin tc be injected while being atomized. This
pernits the biodegradable resin foam of satisfactory properties
tc te produced even when tﬁe forming mold A is formed into a
ccaplicated configuration. Also, the illustrated embodiment may
be mod:ified in such a manner as shown in Fig. 8. 1In a
modificaction of Fig. §, a forming mold A and a mold clamp
mechanism 40 are received in a chamber 5 constructed in an
airtight manner. Also, a pressure reducing pipe L1 provided with
a pressure reducing pump Pl and a pressure reducing valve V1 and
an atmospheric pressure releasing pipe L0 provided with an .
atazospheric pressure releasing valve V0 are connected to the
chamber 5 to reduce a pressure in the chamber 5 through actuation
of the pressure reducing pump Pl‘ Such construction permits
water vapor generated from biodegradable resin to be forcibly
ouzwardly discharged from a circumference of the forming mold A,
tc thereby substantially restrain shrinkage of a biodegradable

resin foam due tc re-adhesion of water vapor contributing to
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apparatus of the present invention is illustrated. In an
-45- apparatus of the illustrated enbodinent, it is desirable that a

narrowed opening la or a nozzle 12 provided at the narrowed opening la

formed into a dianeter of about 6 mm Al so, when

-3~

foaming of biodegradable resin to the foam. Alternatively, such
an advantage can be exhibited also by ventilation of the chamber
5 rather than pressure reduction in the chamber. In this
instarce, the chamber 5 and mold clamp mechanism 40 may be
constructed so_as to surround the forming mold A and located
outside the chamber 5, respectively.

. In the method for producing the biodegradable resin foam
according to the present invention, the step of extruding the
fluidized biodegradable resin into the forming mold may be
carried out in a manner to keep an atmosphere in the forming mold
pressurized during the extrusion and rapidly reduce a pressure of
the atmosphere in the forming mold after completion of the
extrusion. This may be carried out by means of an apparatus
constructed in such a manner as shown in Fig. 9.

The apparatus shown in Fig. 9 includes a chamber 3

wd

having a pressuring pipe L3 and a pressure reducing and releasing

pipe La connected thereto, other thanm the pressure reducing pipe

Ll’ pressure reducing valve V1 and pressure reducing pump P.

1
arranged in the apparatus shown in Fig. l. The pressuring pire
L3 is connected through a pressuring valve V, to a compressor

3
to pressurize an atmosphere in the chamber 5. The pressure

(@]

reducing and releasing pipe L4 corresponds to the atmospheric
pressure releasing pipe L0 arranged in the apparatus shown in
Fig. 1 and is arranged so as to communicate through a pressure
reducing and releasing valve V4 to an ambient atmosphere. The
remaining part of the apparatus may be constructed in
substantially the same manner as the apparatus shown in Fig. 1.
Now, the extrusion step executed by means of the
apparatus of Fig. 9 constructed as descrfbed above will be
described hereinafter. First, the forming mold A is kept clamped
and the chamber 5 acting as a pressure adjusting chamber is kept
pressurized by the compressor C. Then, as shown in Fig. 9, a
hopper 11 is fed with particles 10 of moisture and biodegradable
resin which constitute a biodegradable resin starting material.
The starting material is then forcibly forwardly transferred in

the cylinder 1 by means of a screw 2, during which the
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the nozzle 12 is arranged at the narrowed opening |la, the nozzle 12 is
preferably equi pped with a shut-off valve. Now, the apparatus of
Fig. 21 will be substantially described in connection with differences

bet ween the apparatus of Fig. 21 and that shown in Fig. 1. The apparatus
of Fig. 21 includes a chanber 5 arranged at a distal end of an injection
machine S so as to act as a pressure adjusting chanber. In the illustrated
enbodi ment, the chanber 5 is constitused by a nDId of a so-called injection

nmol di n ch|n d includes i xe formed with a cavity 31
cormun P ARFRES TP ERe HE I FRE A28 BPak? rEr € a2 Hod o PR A HE %4 1 or med
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f or med ﬁwtdssaadebi-angeﬂim mfxecpélppquidenaan lnner space of the
cylincder 1 defined on a distal end side of the screw 2 while
being fluidized. _ .

At this time, the inner space is kept heated and
pressurized, so that moisture contained in the biodegradable
resin particles 10 is kept trapped in the biodegradable resin
without evaporating therefrom. Then, rotation of the screw 2 is
‘stopped and a piston 23 in an injection cylinder 22 is actuated
to adfance the screw 2 as shown in Fig. 10(a), so that the
fluidized biodegradable resin may be injected from the cylinder 1
through a narrowed opening la into a forming space R in the
forming mold A at a stretch.

An inner space of the chamber 5 is kept pressurized, so
that a cavity 3! and a core 41 of an air-permeable forming mold A
communicating through pores of the forming =mold A with the inner
space of the chamber 5 is likewise pressurized. 1In this
instance, when a2 pressure in the forming space X defined by the
cavity 31 and core 41 is set at a level of, for example, 10
kgf/cm2 higher than a2 water vapor pressure at a temperature of
the biodegradable resin injected through the narrowed opening or
port la or, for example, at 170°C, the biodegradable resin may be
extruded into the forming space R while keeping moisture trapped
therein.

After the biodegradable resin is charged in the forming
space R of the forming mold A, the pressure reducing and
releasing valve Va is rapidly and fully rendered open to permit a
pressure in the chamber 5 to be reduced to an atmospheric
pressure, so that the biodegradable resin in a heated and
pressurized state is rapidly exposed to an atmospheric pressure,
resulting in moisture tfapped in the resin being instantaneously
vaporized to foam the biodegradable resin. Also, vaporization of

the moisture causes expansion force of water vapor to occur in
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formng space R, in which an air-perneable formng nold A is arranged.

In the illustrated enbodi nent, the form ng space R for the formng nold A
is formed into a rectangul ar configuration having a L-shape in section as a
corner angle and the formng space Ris fixedly positioned by neans of a
positioning rod 30 arranged in the chanber 5. However, the form ng space R
for the forming nold Ais |imted to any specific configuration. Therefore,
a plurality of such form ng nolds A diggerent in configuration-which are

previously prepared be suita repl aced with each other as desired.
In the i?%ﬁs?*éggﬁfﬁggﬁﬁaiﬁﬁﬁf?'tﬁL‘Eﬁﬁﬁbefnaﬁﬂtﬁﬁfasﬁl%ﬂﬁfﬁﬁ&:ﬁ%nf§ﬁ140 are
open to hiodedr airblet mesphei e, kept contacTied whshber ®uters sarfressafe:
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discharged—thréugh the pores of the forming mold A, so that such
a biodegradable resin foam B integrally formed as shown in Fig. 3
may be obtained.

Then, the screw 2 is retracted while being rotated as
shown in Fig. 10(c), during which collection of the following
biodegradable resin fluidized in the inner space of the cylinder
1 on the side of the distal end of the screw 2 starts for the
next injection. Concurrently, the biodegradable resin foam B
formed in the cavity 31 of the forming mold A is allowed to be
cooled and solidified, so that releasing of the forming mold A
from the clamping permits the resin foam B to be removed from the
cavity 31, followed by clamping of the forming mold A for the
next operation.

In the method described above, the forming space R
defined by the cavity 31 and core 41 is kept pressurized until
the fluidized biodegradable resin is injected from the cylinder 1
through the narrowed opening la into the forming space R, to
thereby prevent foaming of the biodegradable resin. Then, a
pressure in the forming space R is rapidly decreased to lead to
foaming of the resin, so that the biodegradable resin foam B
obtained may conform to a configuration of the forming mold A and
-exhibit uniformity, resulting in being effectively applied to a
satisfactory cushioning material.

" Thus, in the method practiced by means of the apparatus
of Fig. 9, a timing of foaming of the biodegradable resin
extruded through the narrowed opening la is adjusted by reducing
a pressure in the chamber 5. The timing of pressure reduction or
foaming is not limited to setting after the biodegradable resin
is fully filled in the forming space R. The pressure reduction
may be carried out in the course of extrusion of the resin
through the narrowed opening la into the forming space R. Thus,

the timing may be suitably set depending con, for example, a speed

i
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reduci ng valve V1 to a pressure reducing tank T[err]. The pressure

-46- reducing tank T[err] is also connected thereto a pressure reducing
punp Plerr]. The pressure reducing tank T[err] is reduced in pressure to a
predeterm ned | evel near, for exanple, a vacuum and i s adapted

-37-
at which the biodegradable resin is extruded through the narrowed

opening la, a temperature at which the biodegradable resin is
heated, and the like.

-

lower thad. eqﬁal to or higher than an atmospheric pressure.
Reduction of the pressure to 2 level lower than an atmospheric
pressure permits a pressure difference obtained to be

A pressure in the chamber 5 may be reduced to a level

substantially increased, resulting in foaming of the
biodegradable resin being carried out to an increased degree.
Also, this leads to discharge of water vapor to an exterior of
the chamnber 5, to thereby prevent shrinkage of the biodegradable
resin fcam due to re-adhesion of moisture once contributing to
the foaning to the resin foam.

The apparatus of Fig. 9 may be modified in such a manner
as shown in Fig. i1l. More particularly, an zpparatus of Fig. 11
is so ccnstructed that a chamber 5 s divided into a movable-side
part 51 and a fixed-side part 52 ané the movable-side part 51 is
arrangel so as to be movable integrally with a movable mold pzrt
4, Suck construczion permits a foraing mold A and the chambex S
to be cencurrently operated, to thereby facilitate removal of a
biodegrazdable resin foam from the forming mold A and chamber 5.

In the method of the present invention, extrusion of the
fluidized biodegrzdable resin into the forming mold is carried
out by injecting the biodegradable resin intoc the forming mold
while keeping the resin atomized. Such extrusion may be executed
by means of an apparatus as shown in Fig. 12. Therefore, the
apparatus of Fig. 12 will be described prior to description of
the éxtrusion step.

In the apparatus of Fig. 12, a cavity 31 is formed into
a rectangular shape and more particularly a rectangular
parallelepiped shape and a core 41 is formed into a small
rectangular parallelepiped shape communicating with the cavicy
31. Also, a narrowed opening la is formed into a diameter
smaller zhan that of a2 nozzle of a conventional injection molding
machine, to thereby ensure that fluidized biodegradable resin in

a heated and pressurized state may be injected through cthe
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to comuni cate with the chamber 5 when the pressure reducing valve V[err]
is open. The pressure reducing tank T[err] is required to have a vol une
sufficient to permit a pressure in the chanber 5 to be rapidly reduced when
it comruni cates with the chanber 5. The remaining part of the apparatus of

the illustrated enbodi nrent may be constructed in substantially the sanme
manner as the apparatus shown in Fig. 1. Now, formation of a
bi odegradabl e resin foam by neans of the apparatus of the illustrated

enbodi ment will be described hereinaftéer with reference to Fig. 21.
First, tRerEpdpdeerering dpafped pyfermind|sPacieafpdnbirethibymtd® sadichosed
whi | e keepi agdaaowmar «Byldee bk g erd paita t Julzedxanpbee ;ad*rcatcmusahgri €he

pressure, ?egfalcl@é)l g%ltrift‘l Fh?hlﬁgﬁtﬁ?‘emﬁ\éiﬁhgx e crl b%g | nfil nj ect ed

at astretc roma cyl narro openi ng o the
formi ng ADrE A dlﬂ%'@ﬁr tqfe |fﬁFeEi‘P'&hlet e t;?rés@!!r-ewhéﬂﬁtﬁ rig \F:!ileve V1 is

jllustrated emﬁodiment, the narrowed opening la is formed into a
diameter as small as about 1 mm,

The extrusion by means of the apparatus shown in Fig. 12
is initiated by feeding a hopper 1l with particles 10 of moisture
and biodegradable resin while keeping a forming mold A clamped.
Then, the particles 10, as shown in Fig. 13(a), are forwardly
forcibly transferred in a cylinder 1 by means of a screw 2,
during which the particles 10 are heated to a temperature near a
softening point of the particles or a melting point thereof by
shearing force due to rotation of the screw 2 and heat applied to
the pafticles from a heater 13 and then collected in an inner
space of the cylinder l_defined on a side of a distal end of the
screw 2 while being fluidized. At this time, the inner space of
the cyilinder 1 is kept heated and pressurized, so that moisture
ccntaired in the fluidized biodegradable resin is trapped therein
without evaporating therefrom.

Then, as shown in Fig. 13(b), rotation of the screw 2 is
stoppec and a piston 23 in an injection cylinder 22 is actuated
to advance the screw 2, resulting in the fluidized biodegradable
resin being injected at a stretch through the narrowed opening la
into the forming space R defined by the cavity 31 and core 41
while being kept atomized. :

Injection of the resin while keeping it atomized may be
carried out by.forming the narrowed opening la into a small '
diameter as compared with that of the conventional injection
molding machine and suitably adjusting a speed of injection of
the fluidized resin and a difference between a pressure before
the extrusion and that after the extrusion. A diameter of the
narrowed opening la required for atomization of the resin is not
limited to the above-described value of about 1 mm because it is

also varied depending on a speed of extrusion of the fluidized
resin as well.
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rendered open to communi cate the pressure reducing tank T[err] with the
chanber 5, to thereby rapidly reduce a pressure in the chanber 5 to a gauge
pressure of, for exanple, about 750 mmHg. This causes noisture trapped in

t he blodegradable resin to be instantaneously vaporized to foamthe resin.
The resultant water vapor is caused to be discharged at a stretch through
pores of the formng nold Ato the pressure reducing tank T[err].
Concurrently, expansion force due to_g@porization of the water vapor is
exerted in the bjodegr qﬁflefre ver, Quternost portion of the
resin is kept cd ?a% ?f TR fS?ﬁT @§§$%¥% 1gePEABY BT the cavity 31
and cor goptuntexyué t¥igh ian laaibrig nF egth ot Btk 13y, aes@ntnggranlthe(ﬁodeagspace
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atmosphere. THus, the biodegradable resin injected at a stretch
into the forming space R while being atomized is rapidly exposed
to an atmospheric pressure, so that moisture trapped in the resin
is instantaneously vaporized to foam the biodegradable resin.
Expansion force of the vaporized moisture or water vapor is
exerted in the biodegradable resir, however, an outermost portion
of the foamed resin is kept cohtacted with an inner surface of
the forming mold A, resulting in being regulated by a
configuration of the space R. Then, the water vapor formed is
discharged through the pores of the forming mold A to an exterior
of the mold A. Foaming of the bicdegradable resin is carried out
for every particle, resulting in foamed cells 100 being formed.
The foamed particles are ertanglec with each other and melted
with each other, leading tc a biodegraéable resin foam B
integrally formed.

Then, as shown in Fig. 13(c), the screw 2 is retracted
while being rotated, during which the following biodegradable
resin fluidized is collected in the inner space of the cylinder 1
on the side of the distal end of the screw 2 for the next
operation and the biodegradable resin foam B in the forming space
R of the forming mold A is allowed to be cooled and solidified.
Then, the forming mold A is released from clamping by the mold
clamp mechanism, so that the biodegradable resin foam B may be
removed from'the mold A, followed by re-clamping of the mold A
for the next operation. :

In the method described above, the biodegradéble resin
fluidized is injected to the forming space R of an atmospheric
preséure while being atomized, resulting in being spread
throughout the forming space R irrespective of a configuration
thereof. Also, this permits the particles constituting the
atomized biodegradable resin to foam while being collected

together. Therefore, even whern the forming space R of the
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t he chanber 5 and then a screw 2 is retracted while being
-47- rotated, during which the follow ng or subsequent bi odegradable resin

is collected in an internal space of the cylinder 1 defined on a side of a
distal end of the screw 2 while being fluidized,

-40-
forming mold A is formed into a complicated shape, the method
minimizes or substantially eliminates a disadvantage that the
foamed cells of the biodegradable resin are collected at
positions away from an inner surface of the forming mold,
resulting in tlie foamed cells being collapsed due to forcing by
subsequently extruded biodegradable resin. Thus, the
biodegradable resin foam B obtained fully conforms to a
configuration of the forming mold and exhibits uniformity,
resulting in being effectively applied to a satisfactory
cushioning material.

In the apparatus of the illustrated embodiment, an
exterior of the forming mold A may be exposed to an atmosphere
ventilated. This permits the water vapor to be forcibly
outwardly discharged from the forming mold A, to thereby exhibit
an advantage of effectively preventing moisture which has once
contributed to foaming c¢f the biodegracdable resin from re-
adhering to the resin foam, to thereby prevent shrinkage of the
foam.

The forming mold A may bte arrzangeéd in the chambexr 5 to
reduce a pressure in an atmosphere outside the forming mold A to
a level below an atmospheric pressure. This permits a difference
between a pressure outside the forming mold A and that inside the
mold to be increased, so that the resin may be foamed to an
increased degree and forced discharge cf water vapor from the
mold is increased to minimize condensation of thé water vapor on
the resin foam.

Also, in the illustrated embodiment, at least one nozzle
12 may be arranged with respect to the narrowed opening la as
shown in Fig. 14. 1In Fig. 14, a plurality of such nozzles 12 are
arranged on the cylinder 1. Alternatively, the cylinder 1 may be
provided at a distal end thereof with a2 shower 15 formed with a
plurality of fine injection ports 1l4. Also, when the embodiment
is so constructed that the biodegradable resin is injected into
the forming mold A through a runner and a gate (not shown), the
runner and gate each may be formed into a small diameter.to

ensure that the injection is carried cut while keeping it
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resulting in being ready for the next operation. Concurrently, the pressure
reduci ng punp Plerr] is actuated to reduce a pressure in the pressure
reducing tank T[err] to the initial |level again, during which the

bi odegradable resin foamin the formng nold Ais allowed to be cool ed and
solidified. Then, the novable nold part 4 is noved away fromthe fixed nold
part 3 to open the formng nold A so that the biodegradable resin foam may
be renoved fromthe nold A followed by re-clanping of the nold A for the

next operation. The apparatus of the illustrated enbodi ment may be
nmodi fi @éFomiz&dech a manner that the chanber acting as the pressure adjusting

chanber may haveugBheyactwd idppataltue eenbret eUl iy Hldd caodhavALi fafi 0.
25 com ARSI SR A by ) O SR o Blee
reduci RPTFISEIBFAYs] tRONGRANRRF 150 15 dHaABed tnbe dr ldtydpedst i ng chamber
5 and tgiessharbeledbctdfechambers 53, 54 and 55 which are constructed so

as to be airtight with respect to each other and arranged so as

to surround the forming mold A. The chambers 53, 54 and 55 have

pressure reducing pipes L1 connected thereto, respectively.

Thus, a degree of pressure reduction in each of the chambers may

be varied through the pressure reducing pipe Ll’ to thereby

adjust £illing of the biodegradable resin in of the forming space

R of the forming mold A while being kept atomized, so that it may

be charged in the forming space R in turn form the depths thereof

with high efficiency. In this instance, the chamber 5 may be

constructed so as to be operated in synchronism with the forming

mold A.

In the method of the present invention, the
biodegradable resin starting material may comprise moisture,
biodegradable resin and a water repellent material. An apparatus
suitable for practicing the method using the biodegradable resin
starting material of such composition is shown in Fig. 17, which
apparatus may be constructed in substantially the same manner as
that shown in Fig. 1, except that the chamber 5 is eliminated.
Particles 10 of biodegradable resin which contains a substantial
amount of moisture and a water repellent material are charged in
a hopper 11 and then forcibly forwardly transferred in a cylinder
1 by means of a screw 2, during which the biodegradable .resin
particles 10 are increased in temperature to a level near a
softening point of the resin or a melting point thereof by
shearing force due to rotation of the screw 2 and heat applied
thereto from a heater 13 or a level, for example, of about 170°C.
This results in the biodegradable resin being collected in an
inner space of the cylinder 1 defined on a distal end side of the
screw 2 while being fluidized.

At this time, the inner space of the cylinder 1 is kept
heated and pressurized, so that moisture contained in the
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evacuation pipe L2 is provided in the mddle thereof with an evacuation

val ve V2 and the evacuation pipe L2 is exposed at an outlet thereof to an
at nospheric pressure. The remaining part of the apparatus of Fig. 22 nay be
constructed in substantially the same manner as the apparatus of Fig. 21.
When t he evacuation valve V[err], as shown in Fig. 23, is rendered open in
the course of injection of biodegradable resin into a formng nold A by
means of an injection machine S to expgse an interior of the chanber 5 to
an atnospheric pressure. After the injection, the evacuation valve V2 is

cl osed dPdasEagrblevresieRatitigles 8 1A kePHPERPPEdpirnthe t he pressure
reduci ngpicidgradabild tesLonminthionat evapbhat freg citerle€iroh, resadting in a
Pressur & ddhdii GRATRE" s OPLIG MAPIAbypkadiiet Adeal B9 8 i ch the
evacuation vélve V2 i's ren erpd’open may be set” between starting of the

i nj ecti olpiafrdicsr AYAARISR heredrtugkefefdradvante Cingi AETEE Hotsd ithdted to
any SpeCiﬁé(fhﬁﬂﬂﬁEﬂg.pibdégrihﬂuﬂéﬁrﬂedn may be injected through a

narrowed opening la from the cylinder into a forming space R of
the forming mold A at a stretch.

This causes the biodegradable resin in a heated and
pressurized state to be rapidly exposed to an atmospheric
pressure, resulting in moisture trapped in the resin being
instantaneously vaporized to foam the biodegradable resin. The
above-described water repellent material has a boiling point
higher than that of water, so that most of the water repellent
material remains as a film on a surface of each of cells of the
foamed biodegradabie resin. Vapofization of the moisture causes
expansion force of water vapor to occur in the biodegradable
resin. However, an outermost portion of the biodegradable resin
is kept contacted with an inner surface of the forming mold A, to
thereby be regulated by a configuration of a forming space
defined by a cavity 31 and a core 41, so that such a
biodegradable resin foam B integrally formed as shown in Fig. 19
may be obtained.

Then, the screw 2 is retracted while being rotated as
shown in Fig. 18(b), so that the following biodegradable resin
fluidized is collected in the inner space of the cylinder 1 on
the side of the distal end of the screw 2 for the next injection.
Concurrently, the biodegradable resin foam B formed in the cavity
31 of the forming mold A is allowed to be cooled and solidified,
so that releasing of the forming mold A from clamping by a mold
clamp mechanism permits the resin foam B to be removed from the
cavity 31, followed by clamping of the mold A for the next
operation.

In the method described above, the water repellent
material forms a film for covering each of foamed cells of the
biodegradable resin foam, to thereby effectively prevent the

foamed cells from being collapsed or broken due to swelling
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dependi ng on various factors such as a configuration of the
-48- formng nold A a size of the chanber 5, a degree to which the

cylinder 1 is pressurized during, injection of the biodegradable resin,
li ke.

t he

43~ -
and/or softening of the biodegradable resin caused by contact of
the resin foam with water. More.particularly, formation of the
film exhibits a first advantage of preventing moisture which has
once C9ntributed to foaming of the biodegradable resin due to
vaporizatiSn ayd expansion thereof from re-adhering to the foam
product and a second advantage of minimizing softening and
swelling of the resin foam in use. Also, when a natural fatty
acid polymer may be used as the water repellent material, the
whole biodegradable resin foam exhibits satisfactory

biodegradable properties because the polymer is likewise
biodegradable.

The apparatus of the illustrated embodiment may be
modified in such a manner as shown in Fig. 20. More
particularly, in a modification of Fig. 20, a forming mold A is
arranged in an airtight chamber 5 which can be divided into a
movable-side part 51 and a fixed-side part 52, so that a pressure
reducing valve V1 is rendered open at a predetermined timing such
as, for example, in a one second before or after extrusion of the
biodegradable ;esin through a narrowed port la into a forming
mold A, to thereby reduce a pressure in the chamber 5 through a
pressure reducing pipe L1 by means of a pressure reducing pump
Pl' Alternatively, the illustrated embodiment may be constructed
in substantially the same manner as the apparatus described above
with reference to Fig. 5, wherein the forming mold A is arranged
in the ventilation duct D which is forcibly ventilated by means
of the suction fan £. Such constructions each permitc moiéture to
be forcibly removed from the forming mold A, to thereby more
positively prevent shrinkage of the biodegradable resin. In Fig.
20, reference character L0 designates an atmospheric pressure
releasing pipe and Vo is an atmospheric pressure releasing valve
arranged in the middle of the pipe Lo.

In the illustrated embodiment, the biodegradable resin
particles 10, moisture and water repellent material are charged
separately in the hopper 11. Alternatively, the cylinder 1 may
be provided with an inlet port, through which the ‘moisture or
water repellent material may be fed directly to the cylinder 1.
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In the nodification of Fig. 22, the evacuation pipe L[err] is open at the
outlet thereof to an atnospheric pressure, however, the nodification is not
| {mted to such construction. For exanple, the evacuation may be forcibly
carried out under a reduced pressure formed by neans of the pressure
reducing punp P[err] or the like. In the apparatus shown in Fig. 21,
resistance to the injection my be reduced by delaying a timng at which
access between the fixed nold part 3 agpnd the novable nold part 4 is carried
out in a state that_air is somewhat accessible to the nold by neans of an
act uat | drtsfeckhifi $ ustrgcedenboddnepanpareFhidm24Gingtlght iy cl anpi ng the
form ng vIdldd geanadl & eréd yn Viidan t@rBughl thé HdrmigeaidldnAobyt 8£ch batch

bi Odegrga%tzqu%c&% N '?m%& JeAly! Rkl 2000 d Y RCALOPublE Pressure
reduci ng valve V|err]. uch construction requires contro or carryl ng out
associ atihgiPugbt ae€AP actYatNeRitRIF behebsadnadi b M fams /42 eenthaiqus d

cl anp macdwritsm 40iaadlepssadidialofconlia gt 88 som ecdradisdongingl ve derr], as
configuration of the cap. In this instance, a plurality of the
rod-like resin foams which have been extruded or is being foamed
are combined with each other to provide a continuous'rod—l;ke -
product of an increased thickness. '

Further, an air-permeable cylinder in place of the
forming mold A may be arranged in front of the narrowed opening
la, so that a plurality of foam products extruded through the
cylinder are joined in parallel to each other by means of an
adhesive. Alternatively, the resin foams are joined together
immediately after the formation, resulting in being adhered
together by means of moisture on the surface. Thus, a single
continuous resin foam may bte provided.

The present inventZion is not limited to foaming by
extrusion through an injection molding machine or the like. For
example, the present invention may be conveniently applied to
foaming practiced according to a procedure wherein the air-
permeable foaming mold A is arranged in 2 closed heating vessel,
a predetermined amount of biodegradable resin containing a water
repellent material is charged in the forming mold A, heated water
vapor is introduced into the heating vessel and then a pressure
in the heating vessel is reduced. Also, in the present
invention, the step of foaming the biodegradable resin and the
step of subjecting the foamed resin to formation may be carried
out separately.

Now, embodiments of an apparatus of the present
invention which is featured in a pressure adjusting mechanism
arranged in a forming mold A and embodiments of a method of the
present invention practiced by means of the apparatus of such a
featured structure will be described hereinafter.

Referring first te Fig. 21, an embodiment of an
apparatus of the present invention is illustrated. 1In an

[ e s e
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well as a controller therefor. This may be applied to additional

enbodi nents of the present invention described hereinafter which is
gper at ed -under pressure and is not provided with the evacuation val ve
Vierr]. Figs. 24 and 25 each show anot her enbodi nent of an
apparatus of the present invention, which is generally constructed in such
a manner that a chanber has a conpressor connected thereto. Mire
particularly, in the enbodi nent of Figgs24, a chanber 5 acting as a
pressure adj ustln chanber. has a pressuri zing pipe L[err] connected

t her et 0, 2PRA Bﬁ“Fs rb@?c&&fqﬁfﬁ?ﬁ&anBBPéiPﬁﬁgeo¥tvﬁﬁI?%§1§F8%§UF?ﬁ§ Yal ve V3
and conmctededhom@nnshlen prress moizadevalverdfyded 4w thecompressdr C. The

pressurizjendnyah yei Y £5fded SRR a&ahagep 8B YOG o whief Ohgsbh L) on Of
bi odegr adabl e r§3|ﬂélnto a formn nmeans of an injection machine

S is stdrfed®Ztbet her thy2Hangss i engﬁenéﬁé &7 PeHRdRt RBecBRPFESsOr C.
After the iisj ecefenabineequipped with a shut-off valve.

Now, the apparatus of Fig. 21 will be substantially
described in connection with differences between the apparatus of
Fig. 21 and that shown in Fig. 1. The apparatus of Fig. 21
includes a chamber 5 arranged at a distal end of an injection

machine § so as to act as a pressure adjusting chamber. In the
illustrated embodiment, the chamber 5 is constituted by a mold of
a so-called injection molding machine and includes a fixed mold
part 3 formed with a cavity 31 communicating with the narrowed
opening la and a movable mold part 4 formed with a core 41. The
fixed mold part 3 and movable mold part 4 are mounted on a fixed-
side mold plate 40A of a mold'clamp mechanism 40 and a movable-
side mold plate 40B therecf, respectively. The cavity 31 is
fecrmed into, for example, a rectangular shape and cooperatés with
the core 41 likewise formed into a rectangular shape to provide =

<

forming space R, in which an air-permeable forming mold A is
arranged.

In the illustrated embodiment, the forming space R for
the forming mold A is formed into a rectangular configuration
having a L-shape in section as a corner angle and the forming
space R is fixedly positioned by means of a positioning rod 30
arranged in the chamber 5. However, the forming space R for the
forﬁing mold A is limited to any specific configurationf
Therefore, a plurality of such forming molds A different in
configuration which are previously prepared may be suitably
replaced with each other as deéired. In the illustrated
enbodiment, the chamber and mold clamp mechanism 40 are open to
an ambient atmosphere.

The chamber 5 has a pressure reducing pipe Ll connected
thereto, which is provided in the middle thereof with a pressure
reducing valve V1 and then connected through the pressure

reducing valve V1 to a pressure reducing tank Tl' The pressure
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pressurizing valve V3 is closed to interrupt pressurization of
-49- the chanber 5 through actuation of the conpressor C and a pressure
reducing valve V[err] is open to permt a pressure reducing

-4 6~ - .
reducing tank Tl is also connected thereto a pressure reducing
pump Pl' The pressure reducing rank '1‘l is reduced in pressure to
a predetermined level near, for example, a vacuum and is adapted
to communicate with the chamber 5 when the pressure reducing
valve 61 is opgn. The pressure reducing tank Tl is required to
have a volune sufficient to permit a pressure in the-chamber 5 to
be rapidlyv reduced when it communicates with the chamber 5. The
remaining part of the apparatus of the illustrated embodiment may
be constructed in substantially the same manner as the apparatus
shown in Fig. 1.

Now, formation of a biodegradable resin foam by means of
the apparatus of the illustrated embodiment will be described
hereinafter with reference to Fig. 21.

Tirst, the chamber 5 is clamped by the mold clamp
mechanism 47 and closed while keeping an inrer space thereof at,
for examr-e, an atmospheric pressure. 3Biodegradable resin
fluidized as previously descriped is injected at a stretch from a
cylinder . zh-ough the narrowed opening la into the forming mold
A. Afcter tze injection, the pressure reducing valve Vl is
rendered oren to communicate the pressure reducing tank Tl with
the chamber 5, to thereby rapidly reduce a pressure in the
chamber 5 to a gauge pressure of, for example, about 750 mmHg.
This causes moisture trapped in the biodegradable resin to be
instantaneously vaporized to foam the resin. The resultant water
vapor is caused to be discharged at a stretch through pores of
the forming mold A to the pressure reducing tank'Tl.
Concurrently, expansion force due to vaporization of the water
vapor is exerted in thé biodegradable resin, however, an
outermost portion of the resin is kept contacted with the forming
space R defined by the cavity 31 and core 41, resulting in being
regulated by a configuration of the space R. Thus, a
biodegracdatle resin foam of a predetermined configuration is
provided.

Then, the pressure reducing valve V1 is closed to

interrupt communication between the pressure reducing tank Tl and

the chamter 5 and then a screw 2 is retracted while being




tank .-T[err] to conmmunicate with the chanber 5 to rapidly reduce a pressure
I n the chanber. The remaining part of the enbodinent of Fig. 24 may be
constructed in substantially the same nmanner as the apparatus shown in Fig.
21. Pressurization of the chanmber 5 is carried out to obtain a
pressure higher than a saturated water vapor pressure at a tenperature at
whi ch the bi odegradable resin is injected through a narrowed opening | a
into a formng nold A For exanple, the pressure may be about.10 kg/cnferr]

when the injection takes place 170[err] C. en the chanber 5 has the
conpr es”s‘tﬁ“édr'atdl’fé'ri"tghé{ﬁlgh p?'é%gﬂ%? lt"én?rTf'\é%?Tq‘t%é’c‘Pgﬁgfﬁgf‘Ef% t hr ough

the pressum Zisng oldleveed] énrdn aingserli spdcherfi viad tarlindlee prassimedi ng
val ve Vg, nays e koei-pfa qeeeaw LhPWe tﬁiéﬁ&&% oLk efle e {12 eRUEFEYEEZI NT
val ve V[er be el i m nat ed. In the enbodi fent of Fig. 25
Chanber? ST 10 SR BPCTEHI B TR% R MGChARBERTIBR. & GRESEERRERAY pi pe L3
connect elge pressure rgduc1ng pump Pl is actuated to reduce a pressure in

the pressure reducing tank T1 to the initial level again, during

which the biodegradable resin foam in the forming mold A is

allowed to be cooled and solidified. Then, the movable mold part

4 is moved away from the fixed mold part 3 to open the forming

mold A, so that the biodegradable resin foam may be removed from

the mold A, followed by re-clamping of the mold A for the next

operation.

The apparatus of the illustrated embodiment may be
modified in such a manner that the chamber acting as the pressure
adjusting chamber may have an eQacuation valve connected thereto,
as shown in Fig. 22. More particularly, an apparatus of Fig. 22.
includes an evacuation pipe L2 connected between & pressure
reducing valve V1 of a pressure reducing pipe Ll connected "to &
chamber 5 or pressure adjusting chamber 5 and the chamber 5. The
evacuzation pipe L2 is provided in the middle thereof with an
evacuation valve V2 and the evacuation pipe L2 is exposed at an
outlet thereof to an atmospheric pressure. The remaining part of
the apparatus of Fig. 22 may be constructed in substantlal y the
same manner as the apparatus of Fig. 21.

When the evacuation valve Vz, as shown in Fig. 23, is
rendered open in the course of injection of biodegradable resin
into 2 forming mold A by means of an injection machine S-to
expose an interior of the chamber 5 to an atmospheric pressure.
After the injection, the evacuation valve V2 is closed and the
pressure reducing valve Vl is open to permit the pressure
reducing tank Tl to communicate with the chamber 5, resulting in
a pressure in the chamber being rapidly reduced. A timing at
which the evacuation valve Vz is rendered open may be set between
starting of the injection and termination thereof, therefore, the
timing is not limited to any specific setting. It is determined
depending on various factors such as a configuration of the
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t her et o, which is provided in the mddle thereof wwth a pressuring val ve
V[err] and connected through the pressuring valve V[err] to a conpressor C.
The pressurizing valve V[err], as shown in Fig. 26, is rendered open at the
time when injection of biodegradable resin into a formng nold A by neans
of an injection machine S is started, to thereby pressurize the chanber 5
t hrough the conpressor C. In the course of the injection, the pressurizing
valve V[err] is closed to interrupt pss&ssurization of the chanber 5 through
t he conpyessor. C and,an_evacuatd on valve.V2 s open._resulting,in the
chanber ﬁﬁﬁ“ﬁg“@ggoéédat%f%ﬁ1%ﬁl%&fpﬁgfﬁgfﬁrg$sﬁr€%gr?§fﬁérwkﬁghiﬁP%ction,
t he evacuwdiindervadl &6 ppessutizpsedugddeaipiessiee efedle Mgodakvadahle s open
to permiesin)f @pdUikBer €dke] Ng tank T[err] to communicate with the chanmber 5
to rapidly reduce _a, pressurge.in the ch gber . The renaini.n rt of the
enbodi nent of -Fi 3‘} égen‘ﬁ? ‘elccaoq"nls r t?%tg gi'nzgﬂbg Gt ulaflt"gegggﬁeenanner
as t he appangﬂugtsﬁ@m@ophl¢¢gﬁhqggof to an atmospheric pressure,
however, the modification is not limited to such construction.
For example, the evacuation may be forcibly carried out under a
reduced pressure formed by means of the pressure reducing punp P
or the like. In the apparatus shown in Fig. 21, resistance to
the injection may be reduced by delaying a timing at which access

between the fixed mold part 3 and the movable mold part 4 is

1

carried out in a state that air is somewhat accessible to the-
mold by means of an actuation mechanism 44 of the mold clamp
mechanism 40, tightly clamping the forming mold concurrently with
termination of injection of the biodegradable resin into the
forming mold, and then opening the pressure reducing valve Vl'
Such ccnstructicn requires control for carrying out association
betweer actuation of the actuation mechanism 44 of thé mold clamp
mechanism 40 anc¢ operation of the pressure reducing valve Vl’ as
well as a coptrcller therefor. This may be applied to additional
embodiments of the present invention described hereinafter which

is operated under pressure and is not provided with the

evacuation valve Vz.

Figs. 24 anéd 25 each show another embodiment of an
apparatus of the present invention, which is generally
constructed in such a manner that a chamber has a compressor
connected thereto. More particularly, in the embodiment of Fig.
24, a chamber 5 acting as a pressure adjusting chamber has a
pressurizing pipe L3 connected thereto, which is provided in the
middle thereof with a pressuring valve V3 and connected through
the pressuripg valve V3 to a compressor C. The pressurizing
valve V3 is open at the time when or before injection of
biodegradable resir into a forming mold A by means of an
injection machine S is started, to thereby pressurize the chamber
S through the compressor C. After the injection, the"

pressurizing valve V3 is closed to interrupt pressurization of

[ T e
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In addition, the apparatus of Fig. 21 may be constructed as in an
enbodi nent shown in each of Figs. 27 and 28, wherein a

-50- pressure adjusting chanber has a pressurizing tank connected thereto.
More particularly, in the enbodi ment of Fig. 27, a

. -49 -

the chamber 5 through actuation of the compressor C and a
pressure reducing valve VI is open to permit a pressure reducing
tank 'r1 to communicate with the chamber 5 to rapidly reduce a
pressure in the chamber. The remaining part of the embodiment of
Fig. 22 may be:constructed in substantially the same manner as
the apparatus shown in Fig. 21.

Pressurization of the‘chamber 5 is carried out to obtain
a pressure higher than a saturated water vapor pressure at a .
temperature at which the biodegradable resin is injected through
a narrowed opening la into a forming mold A. For example, the
pressure may be about 10 kg/cm2 when the injection takes place at
170°C. When the chamber 5 has the compressor C rather than a
pressuring tank T3 connected thereto through the pressurizing
valve V3 as cescribed hereinafter, the pressurizing valve V3 may

be kept open without being controlled or the pressurizing valve
V3 may be eliminated. . N

. In the embodiment of Fig. 25, a chamber 5 acting as a
pressure adjusting chamber has a pressurizing pipe L3 connéected
thereto, which is provideé¢ in the middle thereof with a
pressuring valve V3 and conpected through the pressuring valve V3
to a2 compressor C. The pressurizing valve V3, as shown in Fig.
26, is rendered open at the time when injection of biodegradable
resin into a forming mold A by means of an injection machine S is
started, to thereby pressurize the chamber 5 through the
compressor C. In the course of the injection, the pressurizing
valve V3 is closed to interrupt pressurization of thg chamber 5
through the compressor C and an evacuation valve VZ is open,
resulting in the chamber 5 being exposed to an atmospheric
pressure. After the injection, the evacuation valve Vz is closed
and a pressure reducing valve V1 is open to permit a pressure
reducing tank Tl to communicate with the chamber 5 to rapidly
reduce a pressure in the chamber 5. The remaining part of the
embodiment of Fig. 25 may be constructed in substantially the
same manner as the apparatus shown in Fig. 22.

In addition, the apparatus of Fig. 21 may be constructed

as in an embodiment shown in each of Figs. 27 and 28, wherein a2
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chanber 5 functioning as a pressure adjusting chanber has a pressuri zing
pi pe L[err] connected thereto,. which is provided in the mddle thereof with
a-pressurizing valve V[err] and connected via the pressuring valve V[err]
to a pressuring tank T3, which is then connected to a conpressor C. The
pressuring valve V[err] is kept open at the tinme when or before injection
of bi odegradable resin into a formng nold A by neans of an injection

machine S is started to pernit the pressurizing tank T[err] to.connunicate

wi th the_ chamher er r.api.dl [ e e ch After the
i nj ecti on. Cthe pre a3 g%?f%? £h &#er Q@f = B %ggéi%ln%t%igirg ﬁ nﬁhnlcatlon
bet ween %W%%ﬂ}k ﬂQfanHafﬁb‘:‘t}?&RﬁD’er im éﬁﬁ snpeéirgnte qfe@&él n§7va4 ve V1 is

render edc RfE¥et G cfamtyieuin@oammm&tslsmebeameﬂueg mtﬁmutehaedaxm ng tank

T h 5. Th
Terr) SR IAGDggs £ CANALi USSR PLESSNTS D UG ST EIOEL O T
substantmbﬁ &etQR?%ﬁQﬁewﬁﬁhnérP%&ﬁﬁqﬁi%ﬂﬂ@aﬁaiﬂs b4 #4%;CQ2£eCted via the

pressuring valve V3 to a pressuring tank T3, which is then
connected to a compressor C. The pressuring valve V3 is kept
open at the time when or before injection of biodegradable resin
into a forming mold A by means of an injection machine § is
started to permit the pressurizing tank T3 to communicate with
the chamber 5, to thereby rapidly pressurize the chamber 5.
After the injection, the pressurizing valve V3 is closed to
interrupt communication between the tank T3 and the chamber 5 and
a pressure reducing valve V1 is rendered open to carry out
communication between a pressure reducing tank Tl and the chamber
5 to rapidly reduce a pressure in the chamber 5. The remaining
part of the apparatus of Fig. 27 may be constructed in
substantially the same manner as the apparatus of Fig. 21.

In the embodiment of Fig. 28, a chamber 5 functioning as
a pressure adjusting chamber has a pressurizing pipe L3 connected
thereto, which is provided in the middle thereof with a
pressurizing valve V3 and connected through the pressuring valve
V3 to a pressuring tank T3, which is then connected to a
compressor C. The pressurizing tank T is Dermitted to
communicate with the chamber 5 at the time when or before
injection of biodegradable resin into a forming mold A by means
of an injection machine S is started, to thereby rapidly
pressurize the chamber 5. In the course of the injection, the
pressurizing wvalve V3 is closed to interrupt communication
between the tank T3 and the chamber 5 apd an evacuation wvalve V2
is rendered open to expose the chamber 5 to an atmospheric
pressure. After the injection, the evacuation valve VZ is closed
and a pressure reducing valve V1 is rendered open, to thereby
carry out communication between a pressure reducing tank T1 and
the chamber 5, resulting in rapidly reducing a pressure in the
chamber 5. The remaining part of the apparatus of Fi jaﬂaﬁii_be
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In the enbodi nent of Fig. 28, a chanber 5 functioning as a pressure

adj usti ng chanber has a pressurizing pipe L[err] connected thereto, which
is provided in the mddle thereof with a pressurizing valve V[err] and
connected through the pressuring valve V[err] to a pressuring tank T[err],
which is then connected to a conpressor C. The pressurizing tank T[err] is
permtted to communi cate with the chanber 5 at the tinme when or before
injection of biodegradable resin intgga_formng nold A by neans of an
injection machine S is started, to thereby rapidly pressurize the chanber
5. In thenebipskediin fobsypesipdhy the RS AMNNEINGSVERY2RERTaF S ofed to
i nterrupigcommuni cati on between the tank T[err] and the chanmber 5 and an

evacuation val Veaéfieezf{%ét %oﬁae@ge{&?."f@{‘ Jof[e%%%%eehi")?df{'&@eorf g0 an
at nospheric pressure. er "the | nfectibn, the evacuatron valve%ﬁenr] S
cl osed aRBa@apreselirehe @seeng davestianiss riddastsatepen, A ARRATAEY carry
out comgenthat iDDuHEl FERN cubRHRSHECiAETT NG teAltbeE BNGhich serves
as a pressure adjusting chamber and in which an air-permeable
forming mold A is arranged. The chamber 5 has a pressure reducing
pipe L1 and a pressurizing pipe L3 connected thereto. The
pressure reducing pipe L1 is connected thereto a. pressure
reducing tank Tl for rapid pressure reduction and the
pressurizing pipe L3 is connected thereto a compressor C. The
pressure reducing pipe L1 is provided in the middle thereof with
a pressure reducing valve Vl‘ An evacuation pipe Lz is connected
to a portion of the pressure reducing pipe Ll between the
pressure reducing valve Vl and the chamber 5 and rrovided in the
middle thereof with an evacuation valve VZ' The evacuation pipe
L2 is open on an outlet side thereof to an ambient atmosphere.
Actuation of the compressor C for pressurizatior znd operatior cof
each of the evacuation wvalve V2 and pressure reducing valve V1
are controlled by a valve controller 8. Reference character S
designates an injection machine for injecting, into a forming
mold A, fluidized biodegradable resin in a heated and pressurized
state in which moisture is trapped.

The pressurizing pipe L3 is provided in the course
thereof with a pressuring valve V3, which is operzted in
association with ON-OFF operation of the compressor C.
-Alternatively, operation of the pressurizing valve V3 may be
carried out directly through the valve controller 8, so that the
'pressuriziﬁg valve V3 may be eliminated. Also, the pressurizing
valve V3 may be left open without being controlled.

In general, a valve has a directional property in a
passage thereof. Therefore, when the chamber 5 is concurrently
provided with the pressuring valve V3 and the pressure reducing
valve V1 or evacuation valve VZ as shown in Fig. 29, a valve free
of any directional property is required to be used as each of the

valves V1 to V3. Alternatively, it is required that arrangement
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the chanber 5, resulting in rapidly reducing a pressure in the chanber 5.
The remai ning part of the apparatus of Fig. 28 nay be
constructed in substantially the same manner as the apparatus of

-52-
of the valves is carried out not to adversely affect the
pressurization and pressure reduction.

The valve controller 8 comprises a timer operated on the
basis'gf. for example, the time when injection of biodegradable
resin intd'the:forming mold A is started and is adapted to
control operation of each of the valves according to a timing
chart shown in Fig. 26. Foe example, when a start button is
turned on to start injection of the biodegradable resin into the
forming mold A by means of the injection machine S, the
pressurizing valve V3 previously kept open is further kept open
for a predetermined period of time set by the timer, during which
the pressuring valve V3 is rendered open and the compressor C
kept turned on causes a pressure in the chamber 5 to be
increased. This results in the biodegradable resin injected into
the forming mold A being maintained pressurized through pores of
the air-permeable forming mold A, so that moisture is positively
trapped in the biodegradable resin.

Then, the pressurizing valve V3 is closed before
ccapletion of the injection and concurrently the compressor C is
turned off, resulting in actuation of the compressor for
pressurization being interrupted, and the evacuation valve V2 is
kept open for a predetermined period of time. This causes the
biodegradable resin being injected under pressure to be open to

. an ambient atmosphere in the course of the injection, leading to
a reduction in injection resistance, so that the biodegradable
resin may be spread throughout the forming model A. A.timing at
which the pressurizing valve V3 is closed and concurrently the
compressor C is turned off to open the evacuation valve Vz is not
necessarily definitely determined and is suitably adjusted
depending on a configuration of the forming mold A, a volume of
the chamber 5, a degree of the pressurization and evacuation, and
the like.

After completion of the injection, the evacuation valve
V2 is closed and concurrently the pressure reducing valve V1 is
kept open for a predetermined period of time. Thus, after the

irjection, the pressure reducing tank T1 is permitted to
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Fig. -22 Referring now to Fig. 29, a further enbodi nent of an
apparatus of the present invention is illustrated. An apparatus of the

il lustrated enbodi ment includes a chanber 5 which serves as a pressure

adj usting chanber and in which an air-perneable formng nold A is arranged.
The chanber 5 has a pressure reducing pipe Llerr] and a pressurizing pipe
L[err] connected thereto. The pressure reducing pipe L1 is connected
thereto a pressure reducing tank T[ensj for rapid pressure reduction and

t he pressurlzln pi LE % ected E reto,a conpressor

pr essure TE¥RIER gﬁ b’gg'é F ?ai v‘“’de&pti ??'h’ée W2 RITSSESE \?m“tﬁ a
pressurﬁpnmé@wcﬁmgCVanef\Ebwrqorm#nt apddudti ofhps peesPlts idomedstedeto a
porti one Qfpgete i Q%%UBQoﬂégﬂSdMé)lr&%ilr{ Qfeﬁhgbeﬁw9ﬂzéch%tprae%&lt'é%chedum ng
val ve %gek&%,and th hggbﬁ% resin OVIde int ﬁ s Jher %f wth an
evacuat veb@fefﬁf & BHCUatYOn plsg P[& ?]pf% ‘ﬁén SA"8ut | et
si de t hesleof W0 1an cdgsednaf nenos pirgdeternined period of time elapses.

The remaining part of the illustrated embod iment may be
constructed in substantially the same manner as the apparatus
described above with reference to Fig. 1.

Fig. 30 shows still another embodiment of an apparatus
of the present invention, which is constructed in substantially
the same manner as the apparatus of Fig. 29 except that a
pressuring tank T3 is arranged between a pressurizing valve V

3
and a compressor C.

The embodiment shown in each of Figs. 29 and 30 may be
so constructed that the valve controller 8 controls so as to open
the evacuation valve V2 in the course of injection cf the
biodegradable resin into the forming mold A by means of the
injection machine S, and close the evacuation valve VZ and open

_the pressure reducing valve V1 after the injection without
arrangement of the compressor C, pressurizing tank T2 and
pressurizing valve VZ' .

Also, the embodiment shown in each of Figs. 29. and 30
may be so constructed that the valve controller 8 controls so as
to open the pressuring valve V3 at the time when or before
injection of the biodegradable resin into the forming model A by
means of the injection machine S8 is started, and close the
pressuring valve V3 and open the pressure reducing valve Vl after
the injection.

Fig. 31 shows yet another embodiment of an apparatus of
the present invention, wherein a chamﬁer 5 is arranged so as to
surround both a forming mold A and a mold clamp mechanism 40.

The chamber 5 has a side plate 35 arranged so as to face an
injection machine S, which side plate may be used as a mold
plate. '

Fig. 32 shows even another embodiment of an apparatus of
the present invention, wherein a chamber 5 is arranged so as to

REPLACEMENT SHEET
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Actuation of the conpressor C for pressurization and operation of each of

t he evacuation val ve V2 and pressure-reducing valve V[err] are controlled
by a valve controller 8. Reference character S designates an injection
machine for injecting, into a formng nold A fluidized biodegradable resin
in a heated and pressurized state in which noisture is trapped.

The pressurizing pipe L3 is provided in the course thereof with a
pressuring valve V[err], which is opergged in association wi t h.  ON- OFF

operation of the conpr essot ternatlvely ion of the
pressuri 2PR§oVaE v W“}?E[{Ep Saf‘r?ﬁﬂi% Yi4Rd ddtoy 2t B Bﬁ‘glrf'tsr?éievé’laﬁé 31
control | end8a fixe¢edregidenepaptesSsur reswhtimd vie vmermpvmuye{ﬁadﬂinﬂrnaﬁed

Al so, th%eath§y¢;aziélgia@g\e%1Y§ fRYnbg J\@JJbl@%’%lW pheuts bel rig,dq%t:réﬁl I ed.
In general, a valve has a |rect|onalﬁ$ erty in a passage thereof.

Ther ef or & RRERE PRl tefmbersUSh SORBHE I%Fﬁ&ﬁé@lﬁeﬁiVQ?%Fﬁﬂﬁ?lﬁressurlng

val ve V[emshnandamheopﬁe&rau&ilwedumomgd due to concurrent operation of
the forming mold A and chamber 5 when the resin foam.is
complicated in configuration.

Fig. 33 shows a still further embodiment of an apparatus
of the present invention, wherein a chamber § is arranged so as
to surround alforming mold A and fixedly mounted through a side
plate 35A thereof on a fixed-side mold plate 40A and through a
side plate 35B thereof opposite to the side plate 35A on a
movable-side mold plate 40B, resulting in providing a dual-type
mold clamp mechanism. The remaining part of each of the
embodiments of Figs. 31 to 33 may be constructed in substantially
the same manner as the apparatus of Fig. 29.

In each of the embodiments described above, the chamber
5 may be provided with a pressure gauge for suitably detecting
whether a pressure in the chamber 5 is at an appropriate level.
Also, the embodiments each may be so constructed that in order to
prevent excessive pressurization of the chamber 5 during the
pressurization, the chamber 5 is provided with a bressure sensor
and a flow-rate varying valve is used as the pressuring valve V

"to thereby to control a flow rate through the valve V3 when the

pressure sensor detects that a pressure in the chamber 5 exceeds
a predetermined level.

3l

Also, in each of the embodiments, a plurality of the
pressure reducing tanks T1 and pressuring tank T3 may be arranged
so as to be .successively alternately used for the purpose of
permitting the apparatus of the present invention to produce the
biodegradable resin foam B while exhibiting improved
productivity. More particularly, communication of the pressure
reducing tank T1 and/or pressuring tank T3 with the chamber 5
causes a pressure in the chamber 5 to be varied, so that
production of the next biodegradable resin foam B requires to

return the pressure to its original level. However, the pressure
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val ve V1 or evacuation valve V[err] as shown in Fig. 29, a valve free of
any directional property is required to be used as each of the valves V to

V[err]. Alternatively, it is required that arrangenent
-52- of the valves is carried out not to adversely affect the

-55-
reducing pump P1 and compressor cause a period of time during
which the pressure is returned to the originral state to be

increased, leading to an increase in waiting period. The above-
described alternate use of a plurality of the pressure reducing

tanks '1‘1 dﬁd/o? pressurizing tanks T3 permits one of the tanks to

be returned to the original state during operation of another

tank, to thereby eliminate the waiting period, so that production

of the biodegradable resin foam may be carried out rapidly and in

a repeated manner.

In production of the biodegradable resin foam B, the

biodegradable resin may consist of a first biodsgradable resin

ingredient of 100°C or more in melting point ans a second

biodegradable resin ingredient having a melting point of 100°C or

less. The first biodegradable resin ingredient may comprise
polycaprolactone or a material containing it. <Th

12 biodegradable

resin mav have polyhydric alcohols and derivatives thereof added

thereto.

The methed and apparatus of the presernt Znvention may be

constructed so as to permit pressure reducticz iIn the forming

space R to be instantaneously accomplished znd :the pressure

reduction to be carried out in a large scale or volume, resulting

in improving quality of the biodegradable resin foam B.

Fig. 34 shows an additional embodiment of an apparatus

of the present invention which is constructed so as to accomplish

such an object. More particularly, an apparatus of the

illustrated embodiment includes a forming mold A arranged forward
of an injection machine S. The forming mold A includes a fixed
mold part 3 formed with a cavity 31 communicating with a narrowed

opening la and a movable mold part 4 formed with a core 41.

The

fixed mold part 3 and movable mold part 4 are mounted on a fixed-

side mold plate 40A of a mold operating mechanism for the forming
mold A and a movable-side mold plate 40B thereof, respectively.

The cavity 31 is formed into, for example, a rectangular shape
and cooperates with the core 41 to define a forming space R in

the forming mold A. The fixed mold part 3 is prcvided with an

inlet port 81, communication holes 82 for releasing airtightness

P TR

5

24 JAN 1997

[k s S A P S ST i o
REFLAGE L | SREES

A




pressurization and pressure reduction. The val ve controller 8
conprises a tiner operated on the basis of, for exanple, the tinme when

i njection of biodegradable resin into the formng nold Ais started and is
adapted to control operation of each of the valves according to a timng
chart shown in Fig. 26. Foe exanple, when a start button is turned on to
start injection of the biodegradable resin into the formng nold A by neans
of the injection machine S, the pressuriszging valve V[err] previously kept
open is further kept.open for_a _predetern ne IO f..time.set by the

O rer . duPfngttinf SRR Thasss by rRE 881 CerUE 8T T Refaebacr sEbhenbng e
conpressor C kept The nfarmimgcapses B pf esbarfoiminghaoddaptbds Gighrlie

i ncreasedc1bBed8 GREH! EMe i fLxdie mbiadpgt 8dabl wd residblienmeetiedat 0t O ihe
formng nol.d A bhein '

( , i nt.ai ned gressy | zed 4q;oqu.ppres fnihe

ai r - per ne&5REPF rﬁ?_gﬁt T PIameas tﬂgtt{ﬁ’ﬁlﬂ?)u R ol f"\?'&ﬁf/ $3 e d e the

biodegraddMngingsmqld A£ The mold operating mechanism permits the movable
mold part 4 to take a released position 01. an airtightly closed
position 02. an airtightness released position O3 and the
released position 01 in turn. The mold operating mechanism

. includes tie bars 42 and 43 for guiding the fixed-side mold plate

40A and movable-side mold plate 40B so as td permit the fixed
mold part 3 and movable mold part 4 to access to each other while
being opposite to each other and an actuation mechanism 44 for
accessibly actuating the movable mold part 4.

Now, production of a biodegradable resin foam by means
of the apparatus of Fig. 34 constructed as described above will
be describe hereinafter.

First, the forming mold A is clamped by means of the
mold operating mechanism to close the forming space R while
keeping a pressure in the space R at a level of, for example, an
atmospheric pressure. Then, a hopper 1l is fed with particles 10
formed of moisture and biodegradable resin. The particles 10 are
then forwardly forcibly transferred in a cylinder 1 by means of a
screw 2, during which the particles 10 are heated to a
temperature near a softening point of the particles 10 or a
melting point thereof by shearing force due to rotation of the
screw 2 and heat applied thereto through the cylinder 1 from a
heater 13, resulting in being collected in an inner space of the
cylinder 1 defined on a side of a distal end of the screw in the
cylinder 1 while being fluidized. The inner space of the
cylinder 1 is under heated and pressurized conditions, so that
moisture contained in the particles 10 is kept forcibly trapped
in therein without evaporating therefrom.

Then, rotation of the screw 2 is stopped and a piston 23
in an injection cylinder 22 is driven to advance the screw 2, so
that the fluidized biodegradable resin may be injected at a

stretch from the cylinder 1 through the narrowed opening la and

e e e i
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Then,. the pressurizing valve V3 is closed before conpletion of the

I njection and concurrently the conpressor Cis turned off, resulting in
actuation of the conpressor for pressurization being interrupted, and the
evacuation valve V2 is kept open for a predeterm ned period of tine. This
causes the bi odegradable resin being injected under pressure to be open to
an anbi ent atnosphere in the course of the injection, leading to a
reduction in injection resistance, sogthat the biodegradable resin may be
spread throughout the form ng nodel A A timng at which the pressurizing
val ve Va8nlet choted larddteonibar ferriys t $Racofor eééﬁfcths indertdiof.f ohe open
t he e\t;i'iﬁblail}pé\ Mi;ﬂdéﬁ:a\f&d@ds olﬂothéleﬁ@ﬁz?_ﬁié o 1defa nist abyeaiei@_r:rHé\edl Sni I's
suita .a fe ndi n nfi g 0 t or m ng Jro , a
vol une é%r?#ﬁ% %%%srﬁ)grfe ,asggdgo?g'égg? ?hg{%{&e‘l u%ifhfaF?(l)Irll S dragtvlancﬁlat i on, and
the |ik@echanism, so\fghat EHApFernbne ofPatre B rjsedmPdAlyt redesed Ut i on val ve

pressure to a ;evel of an atmospheric pressure through the
communication holes 82, so that moisture trapped in the fluidized
biodegradable resin is instantaneously vaporized to foam the
resin and then outwardly discharged in the from of water vapor -
through the communication holes 82. At this time, expansion
force due to formation of the water vapor is exerted in the
foamed biodegradable resin, however, an outermost portion of the
foamed resin is regulated by the forming space R defined by the
cavity 31 and core 41, so that a biodegradable resin foam of a
predetermined configuration may be produced.

Then, the screw 2 is retracted while being rotated,
during which the next biodegradable resin fluidized is collected
in.the inner space of the cylinder defined on the side of the
distal end of the screw 2 for the next operation. During the
period, the biodegradable resin foam formed in the forming space
R is allowed to be cooled and solidified, thus, actuation of the
mold operating mechanism permits the movable mold part 4 to be
moved to the released position 01 for removal of the resin foam B
and then returned to the airtightly closed position 02 for the
next operation. .

Fig. 35 shows a yet further embodiment of an apparatus
of the present invention, which is constructed in substantially
the same manner as the apparatus shown in Fig. 34, except that an
injection machine S is eliminated and a2 heating means 9 is
provided for heating a forming mold A. The heating means 9
comprises, for example, a heater 91 arranged outside a fixed mold
part 3. Reference numeral 92 designates a power supply for
heating.

Now, production of a biodegradable resin foam by means
of the apparatus shown in each of Figs. 34 and 35.

First, the movable mold part &4 of the forming mold A is
moved to the released position 01 by means of the mold opefating

REFLAG
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V2 is closed and concurrently the pressure reducing val ve Hﬁf’éﬁ TERT KMIET
open for a predeterm ned period of tinme. Thus, after thefipjecti-ons
pressure reducing tank T[err] is permtted to :

-53- comunicate with the chanber 5 to rapidly reduce a lpr esguqremwﬂ%w

-58-
mechanism. Then, the biodegradable resin is pleced in the
forming space R defined by the cavity 31 and core 41 and then
actuation of the mold operating mechanism causes the movable mold
part & to be moved to the airtightly closed position O2 to keep
the forming spdce R airtight. Under such conditions, the forming
mold A is heated by the heating means 9 to cause the_
biodegradable resin to be fluidized. The forming space R is in a
heated and pressurjized state, to thereby prevent moisture
contained in the biodegradable resin from being vaporized,
resulting in being forcibly'trapped in the resin. Then, the
movable mold part is moved to the airtightness released position
03 through the mold operating mechanism to reduce a-pressure-in
the forming space R to a level of an atmospheric pressure through
the communication holes 82, so that moisture trapped in the
biodegradable resin may be instantaneously vaporized to foam the
resin by expansion force due to vaporization of moisture and the
resultant water vapor is outwardly discharged from the forming
space R through the communication holes 82,.resulting in a’
biodegradable resin foam of a desired configuration being
produced in the forming space R. The resin foam is allowed to be
cooled and solidified and then the movable mold part 4 is moved
to the released position 0l through actuation of the mold
operating mechanism, followed by removal of the resin foam
therefrom. The above-described procedure is repeated for the
next operation. '

' Referring now to Fig. 36, even another embodiment of an
apparatus of the present invention is illustrated. In Fig. 36,
reference numeral 5 designates a chamber, which is constituted by
a mold M of a so-called injection molding machine and includes a
fixed mold part m, formed with a cavlty communicating with a
narrowed opening la and a2 movable mold part m,. The fixed mold
part m, and movable mold part m, are mounted on a fixed-side mold
rlate 40A of a mold clamp mechanism and a movable-side mold plate
40B thereof, respectively. The cavity is formed into a
rectangular shape and more particularly a rectangular

parallelepiped shape, resulcting in forming an inner chamber in




formng space Rof the formng nold A This results in noisture trapped in
t he bi odegradabl e resin being vaporized at a stretch to forma

bi odegradabl e resin foam Then, the pressure reducing valve V[err] is

.cl dsed after a predeterm ned period of time el apses. The renai ni ng
part of the illustrated enbodi nent may be constructed in substantially the
sane manner as the apparatus described above with reference to Fig. 1.

Fig. 30 shows still another enbodinepi?5ﬂ= an apparatus of the present

i nvention, which is constructed in substantially the sane manner ‘as the
appar atfife 6hapbgr 59 incebich pp adrpPesagabhg Pa%ge P19 & arranged between a
pr essurdcairied poakdiagVEer the afwkrai mpomMol@s¥oisCarranged. The enbodi nent shown

|n each of Fi gS1y29,300p 0 IR ODAR LA RUFLEFo LA 1% WAPYG-EPOLY Ol | er

8 controls so as_to _open the evacuation valve he course of injection
cf the i REGSaFRICE PREPHT | VAP R W@ MOy Fong2 /| Bh2PYRP Msadd &het he

forming mold A:described above and may be made of a sintered
metal-material such as foamed metal sintered and formed, a
sintered ceramic material such as ceramic sintered to which a
void forming filler is added, or the like. Alternatively, it may
be formed of a wire mesh, a punched metal plate formed with a
number of holes or the like. The press die N is divided into an
upper die part n, and a lower die part Ny, which are adapted to
be movable between a foaming position 04 and a pressing position
06 through access mechanisms 60a and 60b, respe;tively.

The chamber 5 is tightly closed when the fixed mold part
M1 and movable mold part m, of the mold M are clampec together
through the mold clamp mechanism. The chamber and mecld ciamp
mechanism may be arranged while being exposed tc an a2tmospheric
pressure. The chamber 5 has a2 pressure reducing pipe L1
connected thereto, which is previcded in the middle thereoif with a
pressure reducing valve V1 and connected to a pressure reducing
pump P1 through the pressure reducing valve Vl. A pressure
reducing tank may be connected betweern the pressure reducing
valve V1 and the pressure reducing pump Pl as reguired.

Now, production of a biodegradable resin foam by means
of the apparatus shown in Fig. 36 will be described hereinafter.

First, the pressure reducing valve vy is closed to
render the chamber 5 airtight and the upper and lower die parts
n, and n, of the press die N are'positioned at the foaming
position Ok‘ Then, biodegradable resin fluidized or melted is
injected through the narrowed opening la into the press die N.
Then, the pressure reducing valve V1 is open to reduce a pressure
in the chamber 5, so that moisture trapped in the resin is
instantaneously evaporated or vaporized to foam the resin and the
resultant water vapor is outwardly discharged through the pores
of the press die N and pressure reducing valve Vl' At this time,

expansion force due to vaporization of the water vapor is exerted
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I nj ection machine S, and cl ose the evacuation valve Verr] and open the
pressure reducing valve Verr] after the injection wthout arrangenent of
the conpressor C, pressurizing tank T[err] and pressurizing valve Vferr].

Al so, the enbodi ment shown in each of Figs. 29 and 30 nay be so constructed
that the valve controller 8 controls so as to open the pressuring val ve
V[err] at the time when or before injection of the biodegradable resin into
the form ng nodel A by means of the injexstion machine S is started, and

close th ressuci Vierr]. a n the pressure reducing valve
Vierr] af'gf%%hggfﬁﬁﬁg?+%§?e resin, %gwggg?'Si"s %ﬁﬁf%ﬂﬁ: gﬁﬁgﬁ%? %_ ment
of an apg@sdtudsokePtheoprasias withean dpnepheyefare ofhahberr &s$ sdia Manged

SO as t0 sehaeuadfbainbd apdf1BM@fMehd Aeadifdl s Mgl 16l bFEghani sm 40.

e ena e RS o' IF PhAYR T BERORY s Pl S8ttt et o1
After the foam;ng, the upper and lower die parts n, and n, of the
press-die N are rapidly moved to the pressing position 05 by
means of the access mechanisms 60a and 60b, respectively,
resulting in the forming space R being reduced in volume, so that
the foamed resin may be compressed as compared with the initial
foamed state. Thus, any cavity and/or void occurring in the
foamed resin in the initial foaming stage are extinguished due to
the compression, thus, a biodegradable resin foam exhibiting
satisfactory quality is provided. Reduction of the forming space
R after the foaming should be carried out under the condition
that moisture still remains in the forming space R; because cells
of the foamed resin are hard to adhere to each other when cooling
and solidification of the foamed resin are substantially
advanced, resulting in the space R being substantially free of
water vapor.

The above-described constructicn of the apparatus of
Fig. 36 may be incorporated in the apparatus of each of Figs. 34
and 35. The apparatus of Fig. 34 may be constructed so as to
move the movable mold part 4 of the forming mold A in an order of
the released positiqn 01, the airtightly closed position 02, the
airtightness released position 03, the pressing position and the
released ppsition 0l rather than in an order of the released
position 01. the airtightly closed position 02, the airtightness
released position 02 and the released position 01. In the
illustrated embodiments, the airtightly closed position 02 and
pressing position 05 are substantially the same.

Thus, after the forming, the movable mold part 4 of the
forming mold A is rapidly moved to the pressing position 05 by
means of the mold operating mechanism to reduce a volume of the
forming space R, so that the biodegradable resin foam is formed
while being kept compressed as compared with a volume thereof

obtained in the initial foaming stage. This permits any cavity




pl at e. Fig. 32 shows even anot her enbodi nent of an apparatus
the present invention, wherein a chanber 5 is arranged so as to

-54- surround a formng nold A and divided into a novabl e-side part 51

-61l- -

and/or void occurring in the initial foaming stage to be
effectively extinguished, to thereby provide the biodegradable
resin foam with improved quality. Also, the forming space R is
rendered open through the communication holes 82 to a pressure
reducea atﬁosppere such as, for example, an ambient atmosphere
after- the movable mold part 4 is moved to the airtightness
released position 03, so that it may be instantaneously reduced
in pressure in bulk, to thereby prevent softening and collapsing
of the resin foam due to re-adhesion of moisture thereto,
resulting in ensuring sdtisfactory quality of the resin foam.

Also, the illustrated embodiment may be so constructed
that the movable mold part 4 of the forming mold A takes the
airtightness released position 03, pressing position 05 and
released position 0l and is moved to the released position 01,
airtightness released position 03, pressing position 05 and
released position 01 in order. Such construction permits the
fluidized and water-trapped biodegradable resin in a2 heated and
pressurized state to be injected into the forming mold A through
the inlet port 81 by means of the injection machine S at the
airtightness released position O3 to which the movable mold part
4 has been moved by means of the mold operating mechanism. At
this time, the forming space R is permitted to communicate with
an ambient atmosphere through'the communication holes 82,
resulting in being released from pressure, so that expansion
force due to vaporization of moisture contained in the resin
leads to formation of the biodegradable resin foam. Immediately
after the foaming, actuation of the mold operating mechanism
permits the movable mold part 4 to be rapidly moved to the
pressing position 05 to reduce a volume of the forming space R,
so that formation of the biodegradable resin foam may be carried
out while keeping the product compressed. Thus, it will be noted
that such injection of the biodegradable resin into the forming
space R at the airtightness released position 03 exhibits the
same function and advantage as described above.

The above-described construction of the illustrated
embodiment may be incorporated in the apparatus shown in Fig. 35.
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and a fixed-side part 52, resulting in the novabl e-side part 51 being
novabl e integrally with a novable nold part 4 as indicated by phantom

| ines. Such construction permts a biodegradable resin foamto be readily
removed due to concurrent operation of the formng nold A and chanber 5
when the resin foamis conplicated in configuration. Fig. 33 shows
a still further enbodi nent of an apparatus of the present invention,
wherein a chanmber 5 is arranged so as_gp. surround a forming nold A and
fixedly nounted through a side plate 35A thereof on a fixed-side nold plate
40A and Thoudevamertechl the mosBblitemedf Bppbst tof tidia KOTBLRE BPHd et 35A on
a mvabl&&tﬁepmbdiﬂkatmm&n iyt megnsnoprové didlgl apduakinype nol d

cl amp MEEAANS T upBS Eigémf&ﬁn[‘:%‘g[p%rahs‘%f %%Qc?@aé@%x?%‘i%@@%scﬁl Figs. 31

to 33 ma e const I’UCt ea In su ant i al g he sane manner as appar at us
of Fig. Parming space Rp pegylting Ha &RSoAiREABEAIRIYS .rtséanaSB% Bt he
chanber being prov1ded ‘while compressed. After the foam product B is

cooled, to thereby be solidified, the movable mold part 4 is
moved to the released position 01 by means of the mold operating
mechanism, followed by removal of the resin foam B from the -
forming mold A. Such construction exhibits the same function and
advantage as described above.

As can be seen from the foregoing, the biodegradable
resin foam of the present invention comprises a combination of
the main biodegradable resin ingredient or first biodegradable
resin ingredient having a melting point of 100°C or more and the
low-melting biodegradable resin ingredient or second
biodegradable resin ingredient having a melting point of 100°C or
less. Thus, in the resin foam, the second biodegradable resin
ingredient is kept from being immediately solidified, to fﬁereby
function as an adhesive with respect to the first biodegradable
resin ingredient. Thus, even when any cavity and/or void are
generated in the foamed biodegradable resin, cells of the foamed
resin are permitted to adhere to each other, resulting in the
biodegradable resin foam being provided with satisfactory
quality.

In'particular, when the second biodegradable resin
ingredient is selected from'the group consisting of
polycaprolactone and a material containing polycaprolactone, the
function of the second biodegradable resin ingredient as an
adhesive is significantly enhanced. Also, when the biodegradable
resin has polyhydric alcohols and derivatives thereof added
thereto, moisture in the biodegradable resin is increased in
boiling point, resulting in functioning also as a plasticizer, so
that cells of the foamed biodegradable resin are rendered dense
and uniform.

In the method of the present invention, the
biodegradable resin fluidized due to an increase in temperature




5 may be provided with a pressure gauge for suitably detecting whether a
pressure in the chanber 5 is at an appropriate |level. Al so, the enbodi nents
each nmay be so constructed that in order to prevent excessive

pressuri zation of the chanber 5 during the pressurization, the chanber 5 is
provided with a pressure sensor and a flowrate varying valve is used as
the pressuring valve V[err], to thereby to control a flow rate through the
val ve V[err] when the pressure sensor fetects that a pressure in the
chanber 5 exceeds a predeterm ned | ev v Al so, in each of the
enbodi merareofa iisl gralidly tﬁleda;dpﬁesmuaehﬁedadimgﬂtunﬂe§dflzadd pressuring
tank T3ed Wi difedie! Qﬂgeﬁesgyﬁﬁlé& %dsuﬁeeaawewcél {fd nately pagg for the
purpose of pern1§;|ng HF appar.at gresent I nvention to produce the
bi odegr XYL P4y FBaRIMEF VY 1Bs |tﬁﬂ§ ApPBYRLF SHHdsStivity. Mre
parti cutenf iguragrhonni cihusn mﬁiaduzepm@@SadeedeductMQ bianlegthdabdeor

pressuri g4 anK sHc@lelaked tH 168 GHRHREMO under pressure, resulting in
being in the form of liquid in the cylinder, so that releasing of
the resin from the heated and pressurized environment in the
cylinder causes the moisture to be instantaneously vaporized,
leading to foaming of the resin. The resultant water vapor is
outwardly discharged through the air-permeable forming mold, to
thereby be prevented from adhering to the formed resin foam.

The atmosphere in which the forming mold is placed may
be kept decreased in pressure or ventilated after extrusion of
the fluidized biodegradable resin into the mold is started or
since a stage before the extrusion is started. This prevents
moisture from remaining in the form of steam in the forming mold
or being condensed on a surface of thg biodegradable resin foam
due to a decrease in temperature after vaporization ard expansion
of the moisture, resulting in the resin foam beirg provided with
satisfactory uniformity. | '

In the method of the present invention, extrusion of the
fluidized biodegradable resin into the mold may be carried out
while placing the nozzle arranged with respect tc the narrowed
opening in the depths of the forming mold at the time when
operation of the nozzle is started and retracting the nozzle
relative to the forming mold during extrusion of the
biodegradable resin. Such construttion permits the biodegradable
resin to be tharged in the forming mold in order from the side of
the depths of the mold, resulting in a different between a timing
at which the resin is spread throughout the forming mold and a
timing of foaming of the resin being minimized or substantially
eliminated, to thereby substantially prevent cells of the foamed
biodegradable resin from being collapsed.

In the method of the present invention, extrusion of the
fluidized biodegradable resin into the forming mold may be.

carried out while keeping an atmosphere in the forming mold
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causes a pressure in the chanber 5 to be varied, so that production of the
next bi odegradable resin foamB requires to return the pressure to its
ariginal |evel. However, the pressure

-55- reducing punp P[err] and conpressor cause a period of tinme during

~64 -
pressurized during the extrusion and a pressure in the atmosphere
in the forming mold may be rapidly reduced after completion of
the extrusion.

In the method of the present invention, extrusion of the
fluidized Biodegradable resin into the forming mold may be
carried out by injecting the biodegradable resin into the forming
mold while keeping the resin atomized. This permits not only the
biodegradable resin to be spread throughout the forming mold but
the atomized biodegradable resin to be effectively foamed,
followed by integration of cells of the foamed resin
substantially without being collapsed, to thereby provide the
biodegradable resin foam with increased uniformity.

In the method of the present invention, the
biodegradable resin starting material may comprise the
biodegradable resin, moisture and water repellent material. The
starting material of such composition ensures desired foaming of
the biodegradable resin and permits it to be finely and uniformly
foamed. '

Also, the water repellert material may comprise a
material which is not fully evaporated when the biodegradable
resin is released from the heated and pressurized environment.
Such a material includes a natural fatty acid polymer. Use of
the polymer as the water repellent material permits it to cover
cells of the foamed biodegradable resin to provide it with water
repellent properties, to thereby prevent the cells from being
collapsed due to contact with water.

In the method of the present invention,
the step of forming the foamed biocdegradable resin into a shape
depending on a configuration of the forming mold may be carried
out by forming the whole biodegradable resin inﬁo an integrated
configuration. This permits the biodegradable resin foam to be
formed into a relative large volume or any desired configuration.

The apparatus of the present invention is so constructed
that the pressure adjusting chamber is constructed in an openable
and sealable manner, the air-permeable forming mold is arranged

in the pressure adjusting chamber, the pressure reducing tank is
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which the pressure is returned to the original state to be increased,

| eading to an increase in waiting period. The above- described alternate
use of a plurality of the pressure reducing tanks T[err] and/or
pressurizing tanks T[err] permts one of the tanks to be returned to the
original state during operation of another tank, to thereby elimnate the
wai ting period, so that production of the biodegradable resin foam my be
carried out rapidly and in a repeated ggnner. I n production of the
bi odegradabl e resin foam B, the bi odegradable resin may consist of a first
bi odegr 498BEEtedsER FRYyrRFASSMreoPdIDBELRE | EhaRLGHD O TPHELY| Rdpet ® and a
second hkiredegeadahl ehé guidssui@r adijept ihgvé hgnbeNeldrdngheotinjeotidWO0[err] C

or less, [RE fi £§tapk9ﬁ§%l aﬂg}%‘&ﬁgs! 0nLBIERM %:Em%&y an%‘iﬁpr kg‘\?mized

pol ycaprolactone or a erial containing It. e ‘biodegradable resin may

have polbjiefgeradabtenbesimmtafedi dat pvbsaredrand Rupfsdrimedet o,
environment ang having moisture trapped therein. Such
cohstruction_of the apparatus permits the pressure reducing tank
to communicate with the pressure adjusting chamber after
injection of the resin into the forming mold, so that water vapor
in the forming mold may be effectively outwardly discharged, to
T f!‘.?'*t? retention of moisture in the forming mold.
Thu¥,' & §La pbfatus of the present invention provides the
biodegradable resin foam with a desired configuration and uniform
quality.

v > e'apparatus of the present invention, the pressure
Lmagﬁh: may have the evacuation valve connected
thereto. Thus, when the pressure adjusting chamber is rendered
open to an ambient atmosphere in the course of injection of the
biodegradable resin, resistance to injection of the resin into
thi formipg_ﬂolq arranged in the chamber is reduced because the
;§ﬁb§¥:%égﬁé%ﬁgjair-permeable, so that the injection may be

* o3
facil{Eated. Thus, the injection machine is prevented from being

large-~sized.

In the apparatus of the present invention, the pressure
adjusting chamber may have a compressor connected thereto. Such
construction permits injection of the biodegradable resin into
the forming mold by means of the ihjection is carried out while
keeping moisture positively trapped in the resin because
actuation of the compressor causes the pressure adjusting chamber
to be pressurized. Then, operation of the evacuation valve
results in the pressure adjusting chamber being released from
pressurization, leading to a decrease in injection resistance, so
that the biodegradable resin may be spread throughout the forming
mold.

In the apparatus of the present invention, the pressure
adjusting chamber may have a pressurizing tank connected thereto.

Thus, the pressure adjusting chamber is rapidly pressurized at an
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The met hod and apparatus of the present invention may be constructed so as
to permt pressure reduction in the formng space R to be instantaneously

acconpl i shed and the pressure reduction to be carried out in a large scale
or volume, resulting in inproving quality of the biodegradable resin foam
B. Fig. 34 shows an additional enbodi nent of an apparatus of the
present invention which is constructed so as to acconplish such an object.
More ‘particularly, an apparatus of the_gélustrated enbodi ment includes a

formng nold A arranged forward of an injection nmachjne S. The form ng nold
A incIudegp%F??5&ﬁfﬁﬁ%¥EiB§rYh%“f%ﬁ?é;f?ﬁ §Fad30i§i TS omuRPchPitgtsd th a
narrowed bpenitie [frraidganpbdabl e nold part 4 forned with a core 41. The

fixed nmold part 3 @EndHE0%pBhea @l doPae $Hras@ nROURY Ok Q4h,a chkXxgd1ysi de nol d
pl ate 40A of a nold operating nechanismfor the fgrn1n nmold A and a
Tovabl o- SFOREREILE Ve AOBTT ABFED(S0 A8k FecEPPEF)S THF Ad9P §E3EPF s f or ned
i nto, forpexaspte, raiucgazanglve; spempetion of the evacuation valve and
actuation of the compressor, so that the pressure adjusting
chamber may be controlled to pressurization, evacuation or
pressure reduction in association with a timing of injection of
the biodegradable resin into the forming mold by means of the
injection machine.

In the apparatus of the present invention, the valve
controller may be arranged so as to control operation of the
pressure reducing valve, operation of the evacuation valve and
actuation of the pressurizing valve, so that the pressure
adjusting chamber may be controlled tc pressurization, evacuation
or pressure reduction in association with z timing of the
injection.

In the apparatus of the present irvention, the valve
controller may be arranged so as to coentroil operation of each of
the pressure reducing valve and evacuaction valve, so that the
pressure adjusting chamber may be controlled to evacuation or
pressure reduction in association with a timing of the injection.

. In the apparatus of the present invention, the valve
controller may be arranged so as to control operation of each of
the pressure reducing valve and pressurizing valve, so that the
pressure adjusting chamber may be controlled to pressurization or
pressﬁre reduction in association with a timing of the injéction.

| While preferred embodiments of the invention have been
described with a2 certain degree of particularity with reference
to the drawings, obvious modifications and variations are
possible in light of the above teachings. It is therefore to be
understood that within the scope of the appended claims, the

invention may be practiced otherwise than as specifically
described.




~and cooperates with the core 41 to define a form ng space Rin the forming
mold A. The fixed nold part 3 is provided with an inlet port 81,
comuni cation holes 82 for releasing airtightness

-56- of the form ng space R and an, O-ring 83 for hpfﬁ]ﬁdv%rrtléﬁFE
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Claims:

1. A biodegradable resin foam (B) made of biodegradable
resin by expansion force due to vaporization of moisture caused
by rapidly releasing fluidized biodegradable resin which is in a
heated and bressurized environment and in which the moisture is
trapped:

said biodegradable resin comprising a combination of a
first biodegradable resin ingredient having a melting point of
100°C or more and a second biodegradable resin ingredient having
a melting point of 100°C or less.

2. A biodegradable resin foam (B) as defined in Claim
1, characterized in that said second biodegradable resin
ingredient is selected from the group consisting of
polycaprolactone and a material containing polycaprolactone.

3. A biodegradable resin foam (B) as defined in Claim 1
or 2, characterized in that said biodegradable resin has a
substance selected from the group consisting of polyhydric
alcohols and derivatives thereof added thereto.

4. A method for producing a biodegradable resin foam
comprising the steps of:

charging a biodegradable resin starting material
containing biodegradable resin in a cylinder (1) formed at a
front portion thereof with a narrowed opening (1la);

raising a temperature of the biodegradable resin to
render the biodegradable resin fluidized while forcibly
transferring the biocdegradable resin starting material toward the
narrowed opening in the cylinder;

extruding the fluidized biodegradable resin from the
cylinder into an air-permeable forming mold (A) arranged in front
of the cylinder to rapidly release the biodegradable resin from a
heated and pressurized environment in the cylinder to foam the
biodegradable resin; and

. forming the foamed biodegradable resin into a shape.
depending on a configuration of the forming mold.

5. A method as defined in Claim 4, characterized in
that an atmosphere in which the forming mold is placed is kept

R



The form ng space R of the forming nold Ais tightly closed when the fixed
nold part 3 and novable nold part 4 are clanped together by neans of the
nol d operating nechanismof the forming nold A The nold operating
mechani smpernmits the novable nold part 4 to take a rel eased position
Jerr], an airtightly closed position Qerr], an airtightness rel eased
position 03 and the rel eased position Qerr] in turn. The nold operating

mechani smincludes tie bars 42 and 4%g.or guiding t he fixed- side nold plate
40A and novabl e: si

te 40B t he f | d part 3
and movABREHETD Part RGeSt LT A S3ARE: SRS AR <o ROSEEBSt o
each ot héreabtusiometfudheofilniedihzed dnjofiegradahieecses bk yirdot (kdiei ng t he

”DvablefBPh@nﬁaﬁéldlor since stQPM&n rdE“ﬂHé QQtQBSQOQIOdegradable resin foam
by neans of t ppar at L{%ogf gﬁ onst uqte gescri bed ahove will be

descri be hereinafter: ™€ d daacheriged ny
means ofint khat the step of extruding the fluidlzed blodegradable resin

into the forming mold is carried out while placing a nozzle (12)
arranged with respect to said narrowed opening in the depths of
the forming mold at the time of starting of the nozzle and
retracting the nozzle relative to the forming mold during
extrusion of the biodegradable resin. ' _

7. A method as defined in Claim 4 or 6, characterized
in that the step of extruding the fluidized biodegradable resin
into the forming mold is carried out while keeping an atmosphere
in the forming mold pressurized during the extrusion and rapidly
reducing a pressure in the atmosphere in the forming mold after
completion of the extrusion. '

8. A method as defined in any one of Claims 4 to 7,
characterized in that the step of extruding the fluidized '
biodegradable resin into the forming mold is carried out by
injecting the biodegradable resin into the forming mold while
keeping the resin atomized.

9. A method as defined in any one of Claims 4 to 8,
characterized in that the biodegradable resin starting material
comprises moisture and said biodegradable resin. .

10. A method as defined in any one of Claims 4 to 8,
characterized in that the biodegradable resin starting material
comprises said biodegradable resin and a hygroscopic fine-
particle material having moisture absorbed therein and added to
said biodegradable resin.

11. A method as defined in any one of Claims 4 to 8,
characterized in that the biodegradable resin starting material
comprises moisture, said biodegradable resin and a water
repellent material. .

12. A method as defined in any one of Claims 4 to 11,
characterized in that the step of forming the foamed
biodegradable resin into a shape depénding on & configuration of

l...._,...u U
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nmol d operating nmechanismto close the formng space R while keeping a
pressure in the space R at a level of, for exanple, an atnospheric
pressure. Then, a hopper 11 is fed with particles 10 formed of noisture and
bi odegradabl e resin. The particles 10 are then forwardly forcibly
transferred in a cylinder 1 by means of a screw 2, during which the
particles 10 are heated to a tenperature near a softening point of the

particles 10 or a nelting point thereg by shearing force due to rotation
of the screw 2 and heat applied theret® through the cylinder 1 froma
heat er tRe Eefmirng mplid ilscicagrdetl] eut cbly i foxmintde wbat¢e of the cylinder 1

defi d i i st.al . . !
bei 'ngef Pfﬁ):‘;ﬁ?%g‘lé‘q?‘i)ﬁée A distiglecdfl Phtbffa66d rifll gur@teyhinder 1 while

pressuri zed cond} 3+ oréfm%e{?q%gggeﬁgh%‘g&e%l)ﬁ’g%%% ":fflcti%g%rﬁa?teE%Ie agg S

kept foegabkhytétfpeedin neHdte itien biotikguadabbeoreg imgompaieesom £irst

Then, r%ti%%.ieggaggﬁ-igeré&fr?"{r?nge%i%h@pﬂﬁgiﬂﬁda%@itsitr@" p&int of 100°C or
more and a second biodegradable resin ingredient having a melting
point of 100°C or less.

14. A method as defined in Claim 13, characterized in-
that the second biodegradable resin ingredient is selected from
the group consisting of polycaprolactone and a material
containing it.

15. A method as defined in any one of Claims 4 to 14,
characterized in that the biodegradable resin has a substance
selected from the group consisting of polyhydric alcohols and
derivatives thereof added thereto.

16. An apparatus for producing a biodegradable resin
foam, comprising:

a pressure adjusting chamber (5) constructed in a hanner
to be capable of being opened and closed hermetically:;

an air-permeable forming mold (A) arranged in said
pressure adjusting chamber;

a pressure reducing tank (T,) connected to said pressure
adjusting chamber to rapidly reduce a pressure in said pressure
adjusting chamber; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized environment and having moisture trapped therein.

17. An apparatus as defined in Claim 16, characterized
in that said'pressure adjusting chamber has an evacuation valve
(V.) connected thereto.

18. An apparatus as defined in Claim 16 or 17,
characterized in that said pressure adjusting chamber has a
compressor kC) connected thereto.

19. An apparatus as defined in Claim 16 or 17,
characterized in that said pressure adjusting chamber has a
pressurizing tank (T,) connected thereto.

2 4 JAM 1997
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in an injection cylinder 22 is driven to advance the screw 2, so_that .t
fluidi zed bi odegradable resin may be injected at a sfrﬁkppﬁgg@myggﬁggr
cylinder 1 through the narrowed opening la and o
2 4 JAN 1997
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20. An apparatus for producing a biodeg&aﬂaﬁTE*resxn
foam, comprising:

a pressure adjusting chamber (5) constructed in a manner
to be capable of being opened and closed hermetically:;

an air-permeable forming mold (A) arranged in said
pressure adjusting chamber; -

a pressure reducing tank (T, ) connected through a
pressure reducing valve (V,) to said pressure adjusting chamber-
to rapidly reduce a.pressure in said pressure adjusting chamber;

an evacuatioh valve (V.:) connected to said pressure
adjusting chamber;

a compressor (C) connected to said pressure adjusting
chamber;

a valve controller (8) for controlling operation of each
of said valves; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized environment and having moisture trapped thérein;

said valve controller initiating actuation of said
compressor before or at the time when injection of the
biodegradable resin into said forming moldrby said injection
machine is started, carrying out termination of actuation of said
compressor and opening of said evacuation valve in the course of
the injection, and carrying out closing of said evacuation valve
and opening of said pressure reducing valve after the injection.

21. An apparatus for producing a biodegradable resin
foam, comprising:

a pressure adjusting chamber (5) constructed in a manner
to be capable of being opened and closed hermetically:

an air-permeable forming moid (A) arranged in said
pressure adjusting chamber;

a pressure reducing tank (T,) connected through a
pressure reducing valve (V,) to said pressure adjusting chamber
to rapidly reduce a pressure in said pressure adjusting chamber;

an evacuation valve (V.) connected to said pressure
adjusting chamber;

T
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-57- inlet port 81 into the form ng space R After the injection, the
novabl e nold part 4 of the formng nold Ais noved to the airtightness

rel eased position 03 through the nold operating nmechanism so that the
formng space Ris rapidly reduced in pressure to a | evel of an atnospheric
pressure through the conmuni cation holes 82, so that noisture trapped in
the fluidized bi odegradable resin is_jnstantaneously vaporized to foamthe
resin and then outwardly discharged'?h‘the from of water vapor - through

t he conmuni cat i anphedsweciFingAtanki §T{ ) neonresqiads itdrohghca due to formati on

of the MALELrYZ2PRE 81 WX qht,§d tbNshhg pressure adjusting chamber;

a valve controller (8) for controlling operation of each
of said valves; and

an injection machine (S) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized enviromment and having moisture trapped therein;

said valve controller opening said pressurizing valve -
before or at the time when injection of the biodegradable resin
into said forming mold by said injection machine is started,
carrying out closing of said pressurizing valve and opening of
said evacuation valve in the course of the injection, and
carrying out closing of said evacuation valve and opening of said
pressure reducing valve after the injection.

22. BAn apparatus for producing a biodegradable resin
foam, comprising:

a pressure adjustihg chamber (5) constructed in a manner
to be cabable of being opened and closed hermetically;

an air-permeable forming mold (A) arranged in said
pressure adjusting chamber:

a pressure reducing tank (T,) connected through a
pressure reducing valve (V,) to said pressure adjusting chamber
to rapidly reduce a pressure in said pressure adjusting chamber;

an evacuation valve (V;) connected to said pressure
adjusting chamber;

a valve controller (8) for contrelling operation of each
of said valves; and

an injection machine ($§) for injecting, into said
forming mold, fluidized biodegradable resin placed in a heated
and pressurized enviromment and having moisture trapped therein;

said valve controller opening said evacuation valve in
the course of injection of the biodégradable resin into saiad
forming mold by said injection machine and carrying out closing
of said evacuation valve and opening of said pressure reducing
valve after the injection.

23. An apparatus for producing a biodegradable resin
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foaned blodegradable resin, however, an outernost portion of the foaned
resin is regulated by the forning space R defined by the cavity 31 and core
41, so that a bi odegradable resin foam of a predeterm ned configuration nay
be produced. Then, the screw 2 is retracted while being rotated,
during which the next biodegradable resin fluidized is collected in the

I nner space of the cylinder defined on the side of the distal end of the
screw 2 for the next operation. Duri-¥@-the period, the biodegradable resin

f oam f of Fﬂg n&ﬂ? fg ning space Ris allomed to be cooled and solidified,
ation

t hus, the nol d_operatin ermts the novable nold
part 4 to be m\Pel®TESSLRE ?‘ép‘é%l%’e‘&ﬂﬁg? %?e? pstorctehdvar® BROPRE resin

f oam B atel bderapakilier pEd bedng hepenead iagid Icy.osbdshdrlp@'smaldry sJerr] for the

next operation. gn alr-perﬁégblé%m dot @l (W&P%nfé@% By of an

appar at us of the(fresent I nvention, wiich is constru d in substantially
pressure adjusting chamber;

a pressure reducing tank (T, ) connected through a
pressure reducing valve (V,) to said pressure adjusting chamber
to rapidly reduce a pressure in said pressure adjusting chamber;

a pressurizing tank (T:s) connected through a
pressurizing valve (V,) to said pressure adjusting chamber;

a valve controller (8) for controlling operation of each
of said valves; and

an injection machine (S8) for injecting, into said
forming mold, fluidized biodegradable resin pléced in a heated
and pressurized environment and having moisture trapped therein;

said valve controller opening said pressurizing valve
before or at the time when injection of the biodegradable resin
into said forming mold by said injection machine is started and
carrying out closing of said pressurizing valve and opening of
said evacuation valve after the injection.

24, An apparatus as defined in any one of Claims 16 to
23, characterized in that said injection machine includes a
cylinder (1) having a narrowed opening (la) formed at a f£ront
portion thereof; _ '

a forcible transfer mechanism (2, 21, 22, 23) for
forcibly transferring a biodegradable resin starting material
containing biodegradable resin and charged in said cylinder and
raising a temperature of the biodegradable resin, to thereby
fluidize it and extruding the fluidized biodegradable resin
through said narrowed opening into said forming mold; and

an access mechanism (40) for reciprocating said narrowed
opening and forming mold relative to each other and retracting
said narrowed opening relative to said forming mold during
injection of the fluidized biodegradable resin through said
narrowed opening into said forming mold.
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the sane manner as the apparatus shown in Fig. 34, except that an injection
machine S is elimnated and a heating neans 9 is provided for heating a
formng nold A The heating neans 9 conprises, for exanple, a heater 91
arranged outside a fixed nold part 3. Reference nuneral 92 designates a
power supply for heating. _Now, production of a biodegradable
resin foam by neans of the apparatus®shown in each of Figs. 34 and 35.
First, the novable nold part 4 of the formng nold Ais qpved to the
r el eaSPEbMEERADABLEIRESIN (BOAM AND METHQD AND ARFARATUR, FO

PRODUCING SAME

ABSTRACT OF THE DISCLOSURE

Foam forming techniques capable of permitting foaming of
biodegradable resin to be positively and uniformly accomplished
to provide a biodegradable resin foam (B) with satisfactory
quality. The biodegradable resin foam is made of biodegradable
resin consisting of a main biodegradable resin ingredient of
100°C or more in melting point and a low-melting biodegradable
resin ingtediené of 100°C or less in melting point. The
‘biodegradable resin foam is produced by placing a starting
material consisting of at least biodegradable resin and a
substantial amount of moisture in a heated and pressurized
environment, releasing the starting material from the environment

to foam the biodegradable resin, and subjecting the foamed resin

to forming by means of a forming mold (A). An apparatus for
producing the foamed biodegradable resin foam includes a pressure
adjusting chamber (5), an air—permeabie forminé mold (A), a
pressure reducing tank (Tl) and an injection machine (8).
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» 58- nmechani sm Then, the biodegradable tesin is placed in the formng
space R defined by the cavity 31 and core 41 and then actuation of the nold
oper ating nechani sm causes the novable nold part 4 to be noved to the
airtightly closed position Jerr] to keep the form ng space R airtight.
Under such conditions, the formng nold A is heated by the heating nmeans 9
to cause the blodegradable resinto b gluidized. The formng space Ris in
a heated and pressurized state, to thez by prevent noisture contained in

t he bi odegradabl e resin from being vaporized, resulting in being forcibly

trapped in the resin. Then, the
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-

movabl e nold part is noved to the airtightness released position Jerr]
t hrough the nold operating nmechanismto reduce a-pressure in the formng
space Rto a |level of an atnospheric pressure through the comunication
hol es 82, so that noisture trapped in the bi odegradable resin may be

i nstant aneously vaporized to foamthe resin by expansion force due to
vapori zation of noisture and the reQ‘#} ant water vapor is outwardly

di scharged fromthe form %space R 4 Rr rfough thqmggmgamgg@gk Glchiol es 82,

resulting in a bi odegﬁdp Zf oam of a de tion being
produced in the formng space e resin foa 1‘“ l“ﬂ be cool ed and
solidified and then the novabl e nol L[4 IS I eased

position Jerr] through actuatg <KY eratl ng mechani sm foll owed
by removal of the resin foam tjperefrom The e descri bed procedure is
repeated for the next operati d ferr| ng now to Fig. 36, even
anot her enbodi nent of an
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apparatus of the present invention is illustrated. In Fig. 36, reference
nuneral 5 designates a chanber, which is constituted by a nold Mof a
so-cal led injection nolding machine and includes a fixed nold part njerr]
formed with a cavity communicating with a narrowed opening la and a
novabl e nold part nferr]. The fixed nold part nferr] and novable nold
part n2 are nounted on a fixed-side ﬁ' pl ate 40A of a nold clanp
mechani sm and a novabl e-si de nold pl at 40B t hereof, respectively. The
cavity is fornmed into a rectangular shape and nore particularly a
rectangul ar parall el epi ped shape, resulting in formng an inner chanber in

FIG. 3
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-59- the chanber 5, in which an air-perneable press die N corresponding to
the formng nold .Mis arranged. The air-perneable press die Nis
formed with a plurality of pores which permt water vapor to pass through
as in the formng nold A described above and may be made of a sintered
metal -material such as foaned netal sintered and forned, a sintered ceramc
mat eri al such as ceramic sintered t4 ich a void formng filler is added,
or the like. Alternatively, it may Be&ornmed of a wire nmesh, a punched

netal plate fornmed with a
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nunber of holes or the like. The press die Nis divided into an upper die
part n[err] and a lower die part n[err], which are adapted to be novabl e
bet ween a foam ng position Jerr] and a pressing position Qerr] through
access nmechani sms 60a and 60b, respectively. The chanber 5 is
tightly closed when the fixed nold part ML and novabl e nold part n{err] of
the mold M are cl anped toget her thro@%ﬂz he nmol d cl anp neehant-sni. The -. .-
chanber and nol d cl anp nechani sm may rranged while be|n%méi§bsed t'o dn
at nospheric pressure. The chanber 5 has a pressure reduciin 1m1ﬁ?TIerr]
connected thereto, which is provided in the m ddle thereof égqaﬁm@pﬁEMr
P .

Teduci ng val ve V[err] ag& co a pressurereduci ng rr]
t hrough the pressure re@ci valveiM err] . A pressure reduclrig tank nay be
connect ed between the pressulf Jed gV e V1 and the pressure reducing
punp P1 as required. W, | p I on of a biodegradable resin foam
by nmeans of the apparatus sh in . 36 will be described hereinafter.
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_First, the pressure reducing valve V[err] is closed to render the chanber 5
alrtlght and the upper and lower die parts n[err] and n[err] of the press
die N are positioned at the foam ng position Jerr]. Then, biodegradable
resin fluidized or nmelted is injected through the narrowed opening la i.nto
the press die N. Then, the pressure educing valve V1 is open to reduce a
pressure in the chanber 5, so that )f?: re trapped in the resin js

i nstant aneously evaporated or vaporl o foamthe resin and the resultant
wat er vapor is outwardly d|s gﬁy h7QE92 the pores of the press die N
and pressure reducing val ve V[e At tlne expan5|on force due to
vapori zation of the water vapor is exerted
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-60- in the bi odegradable resin, however, an outernost portion of the resin
Is kept contacted with an inner surface of the press die N, so that a

f oamed portion of the resin is regulated by a configuration of the press
di-e N at the foami ng position Qerr]. After the foam ng, the upper and

| ower die parts n[err] and n[err] of the press-die N are rapidly noved to
the pressing position Jerr] by means/ the access nechani snms 60a and 60b,
respectively, resulting in the formng ace R bei ng reduced in volune, so
that the foaned resin may be conpressed as conpared with the initial
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_foaned state. Thus, any cavity and/or void occurring in the foamed resin in
the initial foam ng stage are extinguished due to the conpression, thus, a
bi odegradabl e resin foam exhi-biting satisfactory quality is provided.
Reduction of the form ng space R after the foam ng should be carried out

under the condition that noisture still remains in the form ng space R
because-cells of the foamed resin ar8 hard to adhere to each.other..when
cooling and solidification of the fo resin are substantially advanced,

resulting in the space R being substantially free of,\WakaiHayB#AReplaced

The above-descri bed construction of the apparatus of

I ncorporated in the apparatus of each of Figs. 34. andﬂﬂl m&mg‘:‘mat us of
Fig. 34 may be constructed so as to nove the novable t he
forming nold Ain an order of the released position (Qerr], the airtightly
closed position Jerr], the ai rtlght ness released position Jerr], the
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released position Jerr] rather than in an order of the rel eased
position Jerr], the airtightly closed position Qerr], the airtightness
released position err] and the released position Jerr]. 1In the

il lustrated enbodi nents, the airtightly closed position JQerr] and pressing
position 05 are substantially the sane. Thus, after the formng,
the novable nold part 4 of the form ng d Ais rapidly noved to the
pressing position 05 by nmeans of the ooperating nmechanismto reduce a
vol une of the form Hg ip‘ﬁe 5 z hat the bi odegradable resin foamis
formed whil e being Kep p Q as conpared wth a volune thereof
obtained in the initial foam ng stﬁ_,ll:his 'perm't_s any cavity
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-61- and/or void occurring in the initial foanmng stage to be effectively
extingui shed, to thereby provide the bi odegradable resin foamw th inproved
quality. Also, the form ng space R is rendered open through the

comuni cation holes 82 to a pressure reduced atnosphere such as, for
exanpl e, an anbi ent atnosphere after t he novable nold part 4 is noved to
the airtightness rel eased position %t so that it may be

i nstant aneously reduced in pressure in | k, to thereby prevent—softening

and col | apsin
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of the resin foam due to re-adhesion of noisture thereto, resulting in
ensuring satisfactory quality of the resin foam Al so, the
ilTustrated enbodi ment may be so constructed that the novable nold part 4
of the formng mold A takes the airtightness rel eased position (JQerr],
pressing position Jerr] and released position Jerr] and is noved to the
rel eased position Qerr], airtight nekk eased position (Qerr], pressing
position Jerr] and rel eased position err] n order. Such construction _
permts the fluidized and water-trapped bi odegradable resin in a heated and
pressurized state to.be injected into the formng nold A through the inlet
port 81 by means of the injection machine S at the airtightness rel eased
position 03 to which the novable nold part 4 has been_noved by neans.of the
nol d- operati ng mechanism At this tinme, the formng space Ris pernmtted to
conmuni cate wth an anbi ent 3 4 *ﬂr ough the CbinSheiliaBedReplakss 82,
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~force due to vaporization of noisture contained in the resin leads to

formati on of. the bi odegradable resin foam |mredi ately after the foam ng,
actuation of the nold operating nechanismpermts the novable nold part 4
to be rapidly noved to the pressing position 05 to reduce a vol une of the
-formng space R, so that fornmation 3 t he bi odegradabl e resin foam may_ be
carried out while keeping the produ //g?ypressed. Thus, it wtt-be--noted _
that such injection of the biodegradabl'e resin into the fgrmng space R at
the airtightness released position err] exhibits the sarng; EEF?@mnm@@wd

advant age as descri bed above. The above-descri be

i

the illustrated enbodi nent nE&IbéBjﬁﬁB(ppbated.in the app
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.-62- Thus, novenent of the novable nold part 4 of the formng nold Ato the
pressing position 05 by neans of the nold operating nechani sm upon the
foam ng causes a decrease in volunme of the form ng space R, resulting in

t he bi odegradabl e resin foam B being provided while conpressed. After the
foam product B is cooled, to thereby solidified, the novable nold part 4
Is noved to the rel eased position qé@rzpy means of the nold operating
mechani sm followed by renoval of the resin foamB fromthe -
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formng nold A Such construction exhibits the same function and advant age
as descri bed above. As can be seen fromthe foregoing, the

bi bdegradabl e resin foam of the present invention conprises a conbination
of the main biodegradable resin ingredient or first biodegradable resin

i ngredi ent having a nelting point of 100[err]C or nore and the lownelting

bi odegr adabl e resin ingredient or ségpeﬂkbiodegradable resin ingredient
having a nelting point of 100C or |ess4/Thus, in the resin foam the second

bi odegradabl e resin ingredient is kept from being-inedi-ately solidified,
to thereby function as an adhesive with respect to the first biodegradable
resin ingredient. Thus, even when any cavity and/ dbisyesedagaBen et ed

n
t he foanmed bi odegradable resin, cells of the foane i mtted to
adhere to each other, resulting in the biodegradabl ei ng
‘provided with satisfactory quality.
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In particular, when the second bi odegradable resin ingredient is selected
fromthe group consisting of polycaprolactone and a material containing

pol ycaprol actone, the function of the second biodegradabre Tesiningredi ent
as an adhesive is significantly enhanced. Al so, when t |o egr adabl e

resin has pol yhydric al cohols and derlvatlves t her eof placed '
noi sture in.the biodegradable resin i éy? reased in boi "I
resulting in functioning also as a plastfcizer, so that f oanmed
bi odegradabl e resin are rendered dense and uniform In the nethod
of the present invention, the biodegradable resin fluidized due to an
I ncrease in tenperature : S
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-63- thereof is rapidly released froma heated and pressurized environnent
in the cylinder and extruded into the air-perneable formng nold, to
thereby be formed into a predeterm ned configuration. Thus, noisture
contained in the biodegradable resin is increased in boiling point under
pressure, resulting in being in the formof liquid in the cylinder, so that
rel easing of the resin fromthe heatﬁy/ﬁﬁd pressuri zed environnent in the

F1G. 18(a)
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cylinder causes the noisture to be instantaneously vaporized, leading to
foamng of the resin. The resultant water vapor is outwardly discharged

t hrough the air-perneable formng nold, to thereby be prevented from
adhering to the fornmed resin foam The at nosphere in which the
formng nold is placed may be kept decreased in pressure or ventilated
after extrusion of the fluidized biodﬁgp& able resin into the nold is
started or since a stage before the ex¥rddion is started. This prevents

noi sture fromremaining in the formof steamin the formng nold or being
condensed on a surface of the biodegradable resin foamdue to a decrease in
tenperature after vapo[rization and expansion of the noisture, resulting in

the resin foan1beFﬁd ovﬂ&bd wth satisfactory unifBrmty. In the
met hod of the present invention i on gL*Lhe/T{Uidized bi odegr adabl e
resin into the nold may be c ' Il e”pl aci ng the nozzl e arranged
wWth respect to the narro : _
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opening in the depths of the formng nold at the time when operation of the
nozzle is started and retracting the nozzle relative to the formng nold
dufing extrusion of the biodegradable resin. Such construction permts the
bi odegradable resin to be tharged in the formng nold in order fromthe
side of the depths of the nold, res” ting in a different between a timng
at which the resin is spread throug -7he formng nold and a tlnlng of
foam ng of the resin being mnimzed orzsubstantlally el i m nat ed, - '
thereby substantially prevent cells of the foanmed bi odegradable reS|n from
bei ng col | apsed. In the nmethod of the present invention, extrusion
of the fluidized bi odegradable resin into the form ng nol d may be carried
out whi | e keepi ng an atnosphere in the form ng nold
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-64- pressurized during the extrusion and a pressure in the atnosphere in
the formng nold nay be rapidly reduced after conpletion of the extrusion.
In"the nmethod of the present invention, extrusion of the fluidized

bi odegradabl e resin into the formng mol d may be carried out by injecting
t he bi odegradable resin into the forqgng nmol d whil e keeping the resin
atom zed. This permts not only the //27
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bi odegradabl e resin to be spread throughout the form ng nold but the

at om zed bi odegradable resin to be effectively foaned,

col | apsed,

uniformty.
bi odegradabl e resin starting mat er i 20

noi sture and water repellent materiat.

fol | owed by
integration of cells of the foamed resin substantially w.thout being .
to thereby provide the biodegradable resin foamw th increased

In the method of the prEsSsét Had W@ kip@ha t hE .
egradabl e resin,
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cells of the foanmed biodegradable resin to provide it with water repellent
properties, to thereby prevent the cells from being coll apsed-due—t-o— -

contact with water. In the nmethod of the present invention t he
step of form ng the foaned bi odegradable resin into aThm abn a
configuration of the formng nold naé be carried out b oIe
bi odegradabl e resin into an integrat &/Qanlguratlon

bi odegradabl e resin foamto be formed”into a relative Iarge VO u

desired configuration. J Rgﬁ qgﬂ?ratus of the present |nvent|on |s
so constructed that the pressure adju ng chanmber is constructed in an
openabl e and seal abl e manner, the air-perneable foan@g mold is arranged I n
the pressure adjustlng chant())e[r\J the pressure redoerfg—tank is
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. -65- connected to the pressure adjusting chanber to rapidly reduce a
. pressure in the pressure adjusting chanber, and the injection _nmachine is
arranged injecting, into the formng nold, fluidized biodegradable resin

pl aced in a heated and pressurized environnent and hawmﬂgmggkghg&i_t&ﬁfped
therein. Such construction of the aratus permts the ¢ ng
- tank to conmunicate with the press gqj usti ng chanber Hmﬁ,"”ﬂ”lr " .
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injection of the resin into the form ng

nol d, so that water vapor
to thereby elimnate

formng mold may be effectively outwardly dlscharged

retention of noisture in the form ng nol

configuration and uniformaquality.
I nvention, the pressure adj usting

connect ed t hereto. Thus, when the pressure adjusting chamber
open to an anbi ent at nosphe i path ourse of
EndeGo 3¢

d. Thus,

t he apparatus of the
present invention provides the biodegradable resin foamwi th a desired
In the apparatus of the present
er may have the evacuation val ve
is rendered

i njection of the

in the

bi odegradabl e resin, resist ection of tdfreTTesin into the
form ng nold arranged in the chamber is. reduced HBécausq tifg éorning nol d
is air-pernmeable, so that the injection my be faciliffated. F¥hus, the
injection machine is preventéd from bei | ar.gg- si zed. /
40B - = j: - F /
\4&y 42 5 3904 —=—
- S
F" ——
q\
P
/
J
5
S SASNSISINS i SASSS SN
N N
\ 4 3R S
N N
\ \ /a/////
= V. )
: | _ _.:§§§ ; . .
I -
‘B N
\ \
N 7 \\35 S N
N« \
AR AR T \ ThlsSheetHasBeenRe ced
A HIIIIHIIIIIHI I lIIl

i 1857

1




. In the apparatus of the present invention, the pressure adjusting chanber

may have a conpressor connected thereto. Such construction permts '
i njection of the biodegradable resin into the formng nold by nmeans of the
injection is carried out while keeping noisture positively trapped in the

resin because actuation of the co essor causes the pressure adjusting
chanber to be pressurized. Then, gg%}qg'on of the evacuation val ve

results in the pressure adjusting chanber being reIeaSGGM§ﬂQ&khsBﬂm

pressuri zation, | eadi to a decrease in injection resis edt he
bi odegradabl e resin ng eGspr d t hroughout the formng mwml”
In the apparatus of the present i nventi ey pressure er

may have a pressurizing tank coggfcted regg. Thus, the pressure

adj usting chanber is rapidly pre¥suriz t
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.-66- appropriate timng when the biodegradable resinis to be injected into
the forming nol d. In the apparatus of the present invention, the
vatve controller nay be arranged so as to control operation of the pressure
reduci ng val ve, operation of the evacuation valve and- actuati-on of "'the
conpressor, so that the pressure adj2§ti ng
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.chanber may be controlled to pressurization, evacuation or pressure
redaction in association with a timng of injection of the biodegradable
resin into the formng nold by neans of the injection machine. I h
t he apparatus of the present invention, the valve controller may be
arranged so as to control operatio t he pressure reducing val ve,
operation of the evacuation valve %ﬁé/? uation of the pressurizing valve,
so that the pressure adjusting chantrer y be controlled to pressurization,
evacuation or pressure reduction in association with a timng of the

i njection. In the apparatus of the present invention, the valve
controller may be arranged so as to contro operation of each of the
pressure reduci ng val ve and evacuation valve, so that the pressure

adj usting chanber nmay be controlled to evacuatlon or pressure reduction in
association wth a timng of the injection.
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I'n the apparatus of the present invention, the valve controller may be
arranged so as to control operation of each of the pressure reducing valve
and pressurizing valve, so that the pressure adjusting chanber ray be--—--—-
controlled to pressurization or pressure reduction in association with a

timng of the injection. V\g | e preferred enbodi maRkEeettas B&a Replaced
I nventi on have been described with nééﬁé?ain degree of par I h
reference to the draw ngs, obvious di¢fcations and vari aElmi“!lm[umH

possible in light of the above teachings. It is therefore od

that within the scope of the appended cl ains, the invention may be
practiced otherwi se than as specifically descri bed.
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- -67- C ai ms: 1. A biodegradable resin foam (B) nade183"4b;¢wJ
bi odegradabl e resin by expansion force due to vaporization of noisture
caused by rapidly releasing fluidized bi odegradable resin which is in a
heat ed and pressurized environment and in which the noisture is trapped;

sai d bi odegradabl e resin conprising azgonbination of a

BIODEGRADABLE RESIN FOAM AND METHOD AND APPARATUS FOR
PRODUCING SAME

ABSTRACT OF THE DISCLOSURE

Foam forming techniques capable of permitting foaming of
biodeg;adable resin to be positively aﬁd uniformly accomplished
to provide a biodegradable resin foam (B) with satisfactory
quality. The biodegradable resin foam is made‘of biodegradable
resin consisting of a main biodegradable resin ingredient of
100°C or more in melting point and a low-melting biodégradable
resin ingredient of 100°C or less in melt;ng'point. The
‘biodegradable resin foam is produced by placing a starting
‘material consisting of at least biodegradable resin and a
substantial amount of moisture in a heated and.ﬁressurized
‘environment, releasing the starting material from the environment
to foam the biodegradable resin, and subjecting the foamed resin
to forming by means of a forming mold (A). An apparatus for
producing the foamed biodegradable resim foam includes a pressure
adjusting chamber (5), an air-permeabie forminé mold (A), a
pressure reducing tank (Ti) and an injection machine (8).

Figure 1.
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M
.first biodegradable resin ingredient having a nelting point of 100[err]C or
‘nore and a second bi odegradabl e resin ingredient having a nelting point of
100[err] C or |ess. 2. A biodegradable resin foam (B) as defined in
Claim1l1, characterized in that said second bi odegradabl e resin ingredient
I's selected fromthe group consisting of polycaprol actone and a materi al
cont ai ni ng pol ycapr ol act one. %/ﬁ A bi odegradabl e resin foam (B) as
defined in Claim1l1 or 2, characterizéd ¥n that said bi odegr adabl e resi n has
a substance selected fromthe group consisting of polyhydric al cohols and
derivatives thereof added thereto. 4. A nethod for producing a
bi odegradable resin foam conprising the steps of: - charging a
bi odegradabl e resin starting material containing biodegradable resin in a
cylinder (1) fornmed at a front portion thereof with a narrowed opening
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. .V .
.faising a tenperature of the biodegradable resin to render the

"bi odegradabl e resin fluidized while forcibly transferring the
bi odegradabl e resin starting naterial toward the narrowed opening in the

cylinder; extruding the fluidized bi odegr: esLnﬁLngthe
cylinder into an air-perneable formung nold (A) arranggd irn front.=-ef 'the

cylinder to rapidly release the bio dabl e resinjfrom-a heated and

pressurized environnent in the cylindef to foamthe! biode radabl e fesin;
and f or mi ngtheI Gaﬁ @i odegradabl e resip | @g.u“t’iéa%ape? o

dependi ng on a configuration of the rm,ng nol d. =N\ hpd as
defined in Caim4, characterized i 4{ an at nosphere in which the
forming nmold is placed is keptjf——> N -5
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> ¥

_-68- decreased in pressure or ventilated since a stage before starting of
"extrusion of the fluidized biodegradable resin into the formng nold or
since starting of the extrusion.

FIG. 3

6. A nethod as defined in Cla|m4
or 5, characterized in that the step of extruding the flui .
bi odegradabl e resin into the form ng3?Id Is carried out

nozzle (12) arranged with respect to“83@ narrowed openi
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B 4
the formng nold at the time of starting of the nozzle and retracting the
nozzle relative to the formng nold during extrusion of the biodegradable
resin. 7. A nethod as defined in Claim4 or GJ“GHETgcterlzed |n
that the step of extruding the fluidized bi odegradabl e jr VN6l it Rie -
formng nol'd is carried out while keeplng an atnDsphere m1THe fornlng
pressuri zed during the extrusion an )/2 idly reducing & %:effﬂup@ﬁ f897h
at mosphere in the formng nold after zpletlon of the fexitrusion 7
8. A nethod as defined in any one of Clains 4 to 7, chgracterized in that

the step of extruding the fluidized biodegradable resinfinto the formng

mold is carried out by injecting the biodegradable resin into the formng
nol d whi'l e keeping the resin atom zed. 9. A nethod as defined in
any one of Clainms 4 to 8, characterized in that the bi odegradable resin

starting materi al
FIG. 5
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L 4

_conprises noisture and sai d bi odegradabl e resin.
“defined in any one of Cains 4 to 8, characterized in that the

bi odegradabl e resin starting nmateri al
and a hygroscopic fine- particle mater
and added to said bi odegradabl e resin.

conprises said bi

10. A nethod as

odegradabl e resin

i al having noisture absorbed therein

11. A m

any one of Clains 4 to 8, characteriz§9271that the bio
s&i‘d

starting material conprises noisture,
repellent material. 12. A nme
4 to 11, characterized in that the ste

bi odegr adabl
t hod as defi ned
p of formng the
I guration of”

resin into a shape depeng] ng IS IOOIN]
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-69- the forming nold is carried out by form ng the whol e bi-odegradabl e
‘resin into an integrated configuration. 13. A nethod as defined in
any one of Clainms 4 to 12, characterized in that the biodegradable resin

conprises a first biodegradabl e resin ingredient having B Pl hrag: P01 N0
100[err]C or nore and a second bi odegradabl e resin ingrefi F.nl_..%ﬁvj.nga__

mel ting ' gé/27
FIG 7a
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point of 100[err]C or |ess. - 14. A method as defined in Claim13,

“characterized in that the second bi odegradable resin ingredient is selected
fromthe group consisting of polycaprol actone and a material containing it.
15. A nethod as defined in any one of Clains 4 to 14, characterized i n that

t he bi odegradabl e resin has a substance selected fro E rcup con5|st|ng
of pol yhydric al cohols and derlvatlve reof added ftH Wi =;;J“? 16.
An apparatus for producing a blodegradab resin foam COﬂprIbIHg

a pressure adjusting chanber (5) constructed in a nmagngr M@F fapabl ¢ of
bei ng opened and cl osed hernetically; an afr erne e“for g

mold (A) arranged in said pressure adjusting chanbe

; a-pf egsure
reducing tank (T[err]) connected to said pressure !

FIG 8
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adfhsting chanber to rapidly reduce a pressure in said pressure adjusting

*‘chanber; and an injection machine (S) for injecting, into said
form ng nold, fluidized biodegradable resin placed in a heated and
pressurized environment and having noisture trapped therein. 17.

An apparatus as defined in Caim16, characterized in that said pressure
adj usti ng chanber has an evacuati on %%/ﬁg (V[err]) connected thereta.

18. An apparatus as defined in aim r character@zg Lo 0L At SQLMT“
pressure adjusting chanber has a conpressor (C) connect ed tHer &1 Shki
19. An apparatus as defined in Gaim16 or 17, characterlzéd in that sai
pressure adjusti.ng chanber has a pressurizing t ank (T[err]ﬁ Cbﬁnggpegfva
t her et o.
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- 70- 20. An apparatus for producing a bi odegradabl e resin foam

“conpri sing: a pressure adjusting chanber (5) constructed in a

manner to be capable of being opened and cl osed hernetically; an

air-permeable formng nold (A arranged in said pressurei%giﬁﬁang;gbgug ;
i WG L
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q
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a pressure reducing tank (T[err]) connected through a pressure redu0|ng
“val ve (Mlerr]) to said pressure adjusting chanber to rapidly reduce a

pressure in said pressure adjusting chamber; an evacuation val ve -
(V[err]) connected to said pressure adjustlng chanber; a
conpressor (C) connected to said pre? ure adj usting chanber a

val ve controller (8) for controlling tion of each of sald val ves; and

an injection machine (S) fer injecting, Thto said formng nold, fluidized
bi'odegradabl e resin placed in a heated and pressurized environnent and
havi ng noi sture trapped therein; . said valve controller initiating
actuation of said conpressor before or at the tinme when injection.-of the
bi odegradable resin into said formng nold by said injection machine is
started, carrying out term nation of actuation of said
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conpressor and opening of said evacuation valve in the course of the ,
“injection, and carrying out closing of said evacuation val ve and openi ng of

sai d pressure reducing valve after the injection. 21. An appar at us
for producing a bi odegradable resin foam conprising: a pressure
adj usting chanber (5) constructed in a manner to be capabl e of being opened
and cl osed hernetically; ad!gﬁg perneable formng nold (A). .
arranged in said pressure adjusting cha Zr; a pressure reducing
tank (T[err]) connected through a pressure reducing valve (V[err]) to said
pressure adjusting chanber to rapidly reduce a pressure in said pressure
adj usti ng chanber; an evacuation valve (V[err]) connected to said
pressure adjusting chanber;
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- T71- a pressurizing tank (T[err]) connected through a pressuri zing

“valve (V[err].) to said pressure adjusting chanber; a val ve

controller (8) for controlling operation of each of said val ves; and

an injection machine (S) for injecting, into said formng nold, fluidized

‘bi odegradabl e resin placed in a heatﬁ? :
27
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and pressurized environnment and having noi sture trapped therein;

“said valve controller opening said pressurizing valve before or at the tine
when injection of the biodegradable resin into said formng nold by said
injection machine is started, carrying out closing of said pressurizing

val ve and openi ng of said evacuation e in the coursq gf- {hexlﬂjeetheﬂ,
and carrying out closing of said evactngGh val ve and ogehihg of $aid..
pressure reducing valve after the injection. 22. An apparatus for
produci ng a bi odegradabl e resin foam conpri sing: aipr d88LAY ¢
adj usting chanber (5) constructed in a manner to be capabl e _of . being.opene
and cl osed hernetically; an air-perneable formijng nold (A
arranged in said pressure adjusting chanber; a
tank (T[err]) connected qoth p4pressure redUC|ng valve (V[err]) to said
pressure adjusting chanber




A

_to rapidly reduce a pressure in said pressure adjusting chanber;
“an evacuation valve (V[err]) connected to said pressure adjusting chanber;
a valve controller (8) for controlling operation of each;of”

and an injection machine (S) for injecting, intoRSEAPEMETNEHEET
nol d, fluidized bi odegradable resin placed in a heated ng DYESSUTiéeu
envi ronnent and having noi sture trap her ei n; saf @

control |l er opening said evacuation valve in the course ¢f |njec on o? 1 hé
bi odegradabl e resin into said

form ng nold by said injegtion machrne amd
carrying out closing of said evacuation val ve and openi of said pressur%
reducing valve after the injection. 23. An apparatus- for

produci ng a bi odegradabl e resin
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-72- foam conpri sing: a pressure adjusting chanmber (5)
.constructed in a manner to be capable of being opened and cl osed

herneti cal | y; an air-perneable formng nold (A arranged in said
pressure adjusting chanber;

a pressure reducing tank (T[err])
connected through a
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pressure reducing valve (V[err]) to said pressure adjusting chanber to
“rapidly reduce a pressure in said pressure adjusting chanber; a
pressurizing tank (T[err]) connected through a pressurizing valve (V[err])
to said pressure adjusting chanber; a valve controller (8) for
controlling operation of each of saiq val ves; and an injection
machine (S) for injecting, into said %%T?ﬁ ng nold, fluidized bi odegradabl e
resin placed in a heated and pressurized environnment and having noisture

trapped therein; said val ve control |l er opening said pressurizing
val ve before or at the time when injection of the biodegradable resin into
said formng nold by said injection machine is started and carryi ng out
closing of said pressurizing valve and openi ng of said evacuation val ve
after the injection. 24. An apparatus as defined in any one of-
Clainms 16 to 23, characterized in that said injection machine includes a

FIG. 18 a




cylinder (1) having a narrowed openi.ng (la) fornmed at a front portion

“t her eof ; a forcible transfer nechanism (2, 21, 22, 23) for
forcibly transferring a bi odegradable resin starting material containing

bi odegradabl e resin and charged in said cylinder and raising a tenperature
of the bi odegradable resin, to thereby.fluidize it and extruding the =
fluidi zed bi odegradabl e resin through %%ﬁg7narromed opening into said

form ng nold; and an access chani sm (40) for reciprocating said
narrowed opening and formng nold relative to each other and retracting
sai d narrowed opening relative to said formng nold during injection of.
the fluidized bio?ggrqg?bﬁﬂaresin t hrough said narra&ed opening into said

form ng nol d. /'//////
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