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Claim
1. A method for manufacturing a cross-linked

thermoplastic resin foam, comprising:

extruding a resin composition into a closed dis,

said resin composition containing at least a

thermoplastic resin, a foaming agent, and a cross-

linking agent, said die incliuding at least a molding

regdion, &2 heating region, and 2 cooling region,

continuously arranged in the order named;

molding said resin composition into a desired

shape in said molding region of said die;

heating said resin composition in said heating

region of said die to decompose said cross-linking

agent and also to decompose at least part of said

foaming agent so that cell nuclei are produced, thereby

forming a partially foamed product;

cooling said partially foamed product to a

temperature lower than the softening point thereof in

said cooling region of said die, thereby increasing the

rigidity of said partially foamed product, and

extruding said partially foamed product, moving in said

ccoling region, to the outside of said die while

/2
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applying a damping force to said partially foamed
product; and

heating said extruded partially foamed product
under normal pressure to expand said foaming agent

fglly, thereby obtaining a final product.
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A method and an apparatus for manufacturing a cross-linked thermoplastic resin
foam

The following statement is a full description of this invention, including the best method
of performing it known to me/us:-
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention rzlates to a method and an
apparatus for manufacturing a cross-linked
thermoplastic resin foam, and more specifically, to a
method and an apparatus for stably continuously
manufacturing a thick cross-linked thermoplastic resin
foam having a smooth surface and fine cells with

uniform diameters.

Description of the Related Art

Conventionally known are various methods for
manufacturing foams by the use of a resin composition
which contains a thermoplastic resin, a foaming agent,
and a cross-linking agent, as essential ingredients.
According to one of these methods, for example, the
resin composition is molded into a predetermined shape,
such as a sheet, and the resulting molded product is
heat-treated under atmospheric pressure, first to
decompose the cross-linking agent therein, thereby
promoting cross-linking of the thermoplastic resin, and
then to decompose the foaming agent, thereby expanding
the cross-linked product. 1In this method, however, the
cross-linking and forming are effected in the normal-
pressure, high-temperature atmosphere, so that the
cells of the resulting foam are coarse and uneven in
diameter. Moreover, the foam is deteriorated and made

poorer in appearance due to oxidation of the resin
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composition,; and it is hard to obtain a thick foam.

There have conventionally been proposed methods in

_whiéh a closed pressing machine or die is loaded with

such a>resin composition as aforesaid, and the
composition is heated and expanded under pressure
{refer to Published Examined Japanese Patent
Applications Nos., 45-40436, 46-2900, and 45-29381).

According to these methods, in contrast with the method

-using the normal-pressure, high-temperature atmosphere,

a thick foam having fine uniform cells can be securely
obtained. In these methods, however, the resin

composition, which consists mainly of the thermoplastic
resin compounded with cross-linking agent, and foaming

agent, is cross-linked and expanded by being heated

under press 're by means of the pressing machine or die.

Originally .ased on the batch system, therefore, these
methods can hardly be applied to series production.
Thus; the productivity cannot be improved, and it is
difficult to manufacture elongated foams due to
restrictions on the shape of the pressing machine or
die.

Some improved methods have been proposed to solve
these problems of the batch system (refer to Published
Examined Japanese Patent Application No. 60-51416, U.S.
Pat., No. 4,552,708, and Published Unexamined Japanese
Patent Application No., 60-11329). In the methods
disclosed in Published Examined Japanese Patent
Application No. 60-51416 and U.S. Pat. No. 4,552,708,
the resin composition is continuously extruded from an
extruder into an elongated landed die, which is
connected to the extruder, so that a cross-linking

reaction is advanced in the first-half stage of the
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elongated landed die, and gas produced by pyrolytically

~decomposing the foaming agent is retained in the molten

resin composition by dissolution or the like in the
second-half stage. Finally, the resin composition is
continuously extruded into the atmosphere to be
swollen. In order to retain the produced gas in the
molten resin composition, a back pressure is applied to
the resin composition by means of a throttle die which
is located near the outlet of the landed die.

In the method disclosed in Published Unexamined
Japanese Patent Application No. 60-11329, all
progessess, including complete cross-linking and
complete decomposition of the foaming agent for the
completion of expansion, are executed in an elongated
landed die connected to an extruder. According to this
method, therefore, the cross-linking and foaming can be
finished before a cross-linked thermoplastic resin foam
as a final product is continuously ob:ained from the
landed die.

According to the former methods, a pretty high

“pressure must be applied to retain the gas in the

molten resin composition in the second-half stage of
the elongated landed die. Therefore, a large-sized,
complicated mechanism is needed to retain the high
pressure, thus entailing a problem on equipment.

In the case of the latter method, the elongated
landed die is expected to be very long, since all the
reactions are made therein. On the lower-course side
of the landed die, the internal pressure of the die is
gradually reduced, and the internal sectional area of
the die is gradually increased downstream to allow the

swell of the resin composition being expanded.
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Inevitably, therefore, the shape of the landed die
becomes more complicated with distance from its upper-
course end. Depending on the field of application of
the cross-linked thermoplastic resin foam to be
manufactured, moreover, the thickness or expansion
ratio of the foam should be changed. In such a case,
the elongated landed die attached to the extruder must
be replaced with another one having a different shape.
Disclosed in Published Unexamined Japanese Patent
Application No. 58-134719, on the other hand, is a
method for manufacturing a cross-linked thermoplastic
resin foam, in which a polyolefin resin composition
containing a cross-linking agent and a foaming agent is
heated undeir a pressure of 1 to 10 kg/cm? to decompose
parts. of the cross-linking and foaming agents, thereby
forming cell nuclei, and is thenbheated under normal
pressure to decompose the remaining part of the foaming

agent. This manufacturing method is based on technical

concepts previously disclosed in Published Examined

Japanese Patent Applications Nos. 45-40436, 46-2900,
etc., According to the method disclosed in Japanese
Patent Application No. 45-40436, for example, parts of
the cross-linking agent and the foaming agent are
decomposed by heating under a pressure of 5 to 50
kg/cm2 to form cell nuclei.

In Published Unexamined Japanese Patent
Application No. 58-134719, moreover, there is a
description of continuoﬁs formation of cell nuclei.
Described in these patent applications, however, are
only the so-called batch system means as specific means
for pressurizing the resin composition and the

following methods as means for continuous



pressurization. The batch gystem means include

pressurization of the resin composition by means of

compressed gas, autoclave, pressing machine, pressure-

heating oven, etc. The continuous pressurization means
include a method in which the resin composition is
sandwiched between two parallesl plates to be pressed
thereby from both sides, and a meﬁhod (load-curing) in
which the resin composition is wound around a roll face

and pressed from the opposite side by means of a belt.

In both these continuous pressurization means,

mofeover, a gas pressure or mechanical force is
externally applied to the resin composition to
pressurize it. Thus, these pressurization means
require a very special complicated pressurization
mechanism. Since the resin composition is melted by
heating when it is pressurized, moreover, the
pressurizationiis believed to be very difficult. If
the meited resin composition is pressed from both
sides, for example, it collapses in its thickness
direction, so that it is hard to maintain a fixed
thickness.

In order to solve these problems, the inventors
hereof developed earlier a method in which endless
b. 1ts are arranged individually on the upper and lower
ingside surfaces of a die having a cooling region
immediately following a heating region, and a resin
composition is supported by means of the belts when it
is continuously moved in the die. This method has

already been proposed in Published Unexamined Japanese

. Patent Application No. 64-24728. According to this

method, partial forms having cell nuclei therein can be

manufactured in series. During the manufacture of the
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foams, however, the endless belts movihg in the die are
~always pressed against the upper and lower inside
surfaces of the die under a pressure of 11 to 50
kg/émZ, so that the die surfaces and the belts wear out
severely at their sliding contact portions. 1In
consequence, the working life of the die and the
endless belts is shortened, and the belts require a
large~scale drive unit, inevitably entailing increcased
equipment cost.

Based on # discovery that decomposing a foaming
agent in a closed space, such as a die, filled with a
resin composition produces a high pressure of 1,000
- kg/cm? or more, the inventors hereof developed a method
in which cell nuclei are formed in the resin
compesition by utilizing this spontaneous pressure,
withbut externally pressuring the composition by
separate means. This method has already been proposed
in Published Unexamined Japanese Patent Application No.
2-283421. According to this method, a choke bar is
disposed at the outlet of a heating region in a die,
and a damping force is applied to a partially foamed
product in the heating region by controlling the cross-
sectional area of the choke bar. By doing this, a
pressure produced by the decomposition of a foaming
agent in the heatihg.region is increased to a desired
level, and a cross-linking agent and the parts of
foaming agent are decomposed in this state.

In the case of this method, the internal pressure
of the die can be increased and maintained by operating
the choke bar to change the sectional area of the
partially foamed product passing the choke bar. Thus,

partially foamed products with fine cell nuclei; and



hence, cross-linked thermoplastic resin foams with fine
cells, can be produced in series. In this case,

however, the partially foamed product is still at high

-temperature and soft when it passes the choke bar. If

the damping force is then applied to the molded
product, therefore, the flowing state of the product is
disturbed, so that a cross-linking reaction or the
decomposition of the foaming agent is liable to be
uneven. .Accofdingly, the partially foamed product
extruded from the die may possibly be bent, or its
surface may be cracked, thus involving a difficulty to

stable series production.

SUMMARY OF THE INVENTION
A primary object of the present invention is to

provide a method and an apparatus for manufacturing a

cross-linked thermoplastic resir foam, which enables

stable series production of cross-linked thermoplastic
resin foams having uniformly distributed fine cells
with diameters of 200 um or less.

Another object of the present invention is to
provide a method and an apparatus for manufacturing a
cross-linked thermoplastic resin foam by only
additionally using simple equipment, without using an
elongated landed die, and therefore, without
complicating a configuration on the lower-course side
of the landed die.

According to an aspect of the present invention,
there is provided the following manufacturing method
for a cross-linked thermoplastic resin foam. In this
method, a resin compoéition, which contains at least a

thermoplastic resin, a foaming agent, and a cross-
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linking agent, is extruded into a closed die, which

inclqdes at least a molding‘region, a heating region,

and a cooling region, continuously arranged in the

~order named. The resin composition is molded into a

desired shapelin the molding region of the die, and is
then heated in the heating region to decompose the
crbss-linking agent and also to decompose at least part
of the fdaming_agent so that cells nuclei are produced,
thereby forming' a partially foamed product. In the
cooling region of the die, the partially foamed product
is cooled to a temperature lower than the softening

point thereof to be increased in rigidity, and is

extruded to the outside of the die while being

subjected to a damping force as it moves in the cooling:
region. The partiblly foamed product, extruded from
the die, is heated pnder atmospheric pressure to expand
the foaming agert fully, whereupon a final product is
obtained. ‘ |
Preferably, the resin compoéition is partially
expanded so that there is a relation M1/M2 £ 0.525 (M1

z 1.05, M2 2 2.00), more preferably 0.05 < MI/M2 £

0.35, where M1 and M2 are the expansion ratios of the

partially foamed product and the final product,

-respectively.

The resin composition.is extruded into the die so
that the internal pressure of the die in the heating
region ranges from 10 to 70 kgf/cm2.

According to another aspect of the present
inveﬁtion, there is provided the following
manufacturing apparatus for a cross-linked
thermoplasfid resin foam. In this apparatus, an

extruder extrudes a resin composition containing at



least a thefmcplastic resin, a foaming agent, and a
cross-linking agent. A closed die, which is directl&
jointed with an outlet of the extruder, -includes at
least a molding region, a heating region, and a cooling
region. In the molding region, the resin composition
fed from the extruder is molded into a desired shape.
In the heating region, the resin composition molded
into the desired shape is heated to decompose the
cross-linking ageht and also to decompose at least part
of the foaming agent =so that cell nuclei are produced,
thereby forming a partially foamed product. 1In the
cooling region, the partially foamed product is cooled
to a temperature lower than the softening point
thereof, and a damping force is applied to the
partially foamed product when the cooled partially
foamed product moves in the cooling region. Heat
foaming means is used to heat the partially foamed
product, extruded from the Jdie, mnder normal pressure
to expand the foaming agent fully, thereby obtaining a
final product.

The cooling region of the die includes a sectional
area portion‘narrower than the inlet sectional area
th~rreof; on the outlet side of the position where the
partially foamed product is cooled to the ftemperature
lower than the softening point thereof.

Preferably, the cooling region of the die has a
profile such that the sectional area of the partially
foamed product moving through the cooling region
gradually decreases.

More preferably, the cooling region of the die is
formed so that there is a relation 0.50 £ S2/S1 <

0.90, where S1 and S2 are the inlet sectional area of



X3

the cooling region and the sectional area of the
cooling region at the position where the partially
foamed product is cooled to the temperature lower than
‘the softening point thereof, respectively.

~ Further preferably, sectional area varying means
capable of varying the sectional area of the partially
foamed product is located at the desired position of
the cooling region where the partially foamed pfoduct
is cooled to the temperature lower than the softening
point thereof, whereby the damping force is applied to
the partially foamed product.

According to the method of the present invention,
the inside of the die is divided successively into the
three regions, the molding region, heating region, and
cooling region, and the damping force is applied to the
partially foamed product by means of the sectional area
varying means, such as a choke bar ¢or throttle means
connected to the ecooling region, thereby increasing the
internal pressure of the die.v Fine cell 'nuclei are
produced in the heating region by doing this, and are
Eépt in a frozen state. The expansion ratio of the
partially foamed product is controlled in association
with that of the cross-linked thermoplastic resin foam
to be obtained, so that the cells of the fésulting foam
can be made fine and uniformly distributed, Thus,
cross-linked thermoplastic resin foams having a smooth
surface and fine cells with unifer:a @i&meters can be
continuously manufactured with stability, providing a

very high industrial utility value.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the relationships



between thc diameters of cell nuclei in a partially
foamed product obtainaed after pressure removal and the
diameﬁeis of cells in a cross-linked thermoplastic
fesin foam after reheating;

. Fig. 2 is a graph showing the relationships
betﬁeen the distribution density of cell nuclei and the
cell diameters obtained after reheating; 7

Fig. 3 is & graph. showing the relationships

beuween set pressures used at the time of heating for

5

' hhe produotlon of cell nuclei and the cell diameters

(obtalned after reheating;

Fig. 4 is a schematic side view showing an example
of an apparatus used in a method according to the’
present invention; ‘

 Tig. BA is a view showing an example of a cooling
region;

Fig. &B is a cross—sectidnal view taken along line
VB-VB of Fig. 5A;

Fig 6 is a side sectional view showing another
example of the cooling region;

v Fig., 7 is a sectional view of a choke bar taken
along line VII-VII of Tig. 4;

 Fig. 8 is a sectional view taken along line VIII-
VIII of Fig. 17;

Fig. 9 is a side sectional view illustrating
throttle means;

Fig. 10 is a sectional view taken along line X-X
of Fig. 9;

Fig. 11 shows a microphotograph of a sectional
texture of the partially foamed product; and

Fig. 12 shows a microphotograph of a sectional

texture of the cross-linked thermoplastic resin foam.



_ DETAILED DESCRIPTION

The present invention is based on information
obtained from experiments conducted by the inventors
hereof. _
~ First, 100 parts by weight of low-density
polyethylene, 10 parts by weight of azodicarbonamide
(foaming agent: decomposition temperature at 190°C),
and 0.8 parts by weight of dicumyl peroxide (cross-
linking agent) were uniformly kneéded to prepare a
resin composition} Then, the composition was formed
into sheets of 2~mm thickness at a temperature of 130°C
- by means of a pressing machine. The resulting sheets
were heated at 190°C under various pressures for 8
minutes to decompose part of azodicarbonamide, and were
then cooled to a temperature not higher than their
softening point, whereupon the pressure was removed.

The respective profiles of the resulting sheets
were observed by means of an electron microscope.
Thereupon, it was indicated that very fine cell nuclei
were uniformlj distributed, although the size of the
cell nuclei varied depending on the set pressures for
the heating at 190°C. The diameters of the cell nuclei
were measured.

Subsequently, the sheets were introduced into a
constant-temperature bath under the atmospheric
pressure, and were reheated at 220°C for 10 minutes to
form cross-linked thermoplastic resin foams. The
respective profiles of these individual cross-linked
thermoplastic resin foams were also observed by means
of the electron mi~roscope, and the diameters of cells

were measured.
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Fig. 1 shows the relationships between the
diameters of the cell nuclei in the sheets obtained
after the pressure removal and the cell diameters
obtained after reheating. Fig. 2 shows the
relationships between the distribution density of the
cell nuclei and the cell diameters obtained after
rehriating. ‘Fig. 3 shows the relationships between set
pressures for the production of the cell nuclei and the
cell diameters obtained after reheating.

As seen from Figs. 1 to 3, the cells in the cross-
linked thermoplastic resin foams are fine if the
pressure appliéd for partialkfoaming is high, end a
pressure of 10 kg/cm2 or more must be applied to the
sheets in order to form cells of 200 um or less (Fig.
3). 'Furfher; there is a substantially linear
relationship between the respective diameters of the
cell nuclei and the cells in the cross-linked
thermoplastic resin foams (Fig. 1), and those cross-
linked thermoplastic resin foams whose cell nucleus
distribution density is higher can .contain finer cells
(Fig. 2).

Thus, in- order to manufacture cross-linked
thermoplastic resin foams with fine uniform cells, it
is essential to form fine cell nuclei at high |
distribution density by partial foaming of the resin
composition under pressure at the same time with cross-
linking. ' After this is doné, the previously cross-
1linked resin restrains the cells from being coarsened
by the communication between the adjacent cell nuclei,
despite thé heating under normal pressure., As a
result, cross-linked thermoplastic resin foams with

uniformly distributed’fine cells can be obtained.



- 14 -

A method according to the present invention will
now be described in detail with reference to the
accompanying dréwings. '

Fig. 4 is a schematic view showing an example of
an apparatus used for effecting the method according to
the present invention.

In Fig. 4, the apparatus generaily comprises an
extruder 1 for the resin composition, a die 2 connected
to an outlet la of the extruder 1, and a heating oven 3
'located on the lower-course side of the die 2, these
domponents being arranged in series.

The die 2 includes a molding region 20, a heating
region 21, and a cooling region 22 continuously
arranged in the order named from the upper-course. side
(side of the outlet la of the extruder). Disposed at
the outlet of the cooling region 22 is sectional area
varying means 23 which can vary the sectional area of a
partially foamed product (mentioned later) pushed out
through the outlet.

The cross-linked thermoplastic resin foam to be
manufactured moves in the apparatus in the following
manner as a whole.

The resin composition extruded from the extruder 1
is molded into a desired shape in the molding region
20, converted into a partially foamed product 5 in the
heating region 21, cooled to a temperature lower than
its softening point in the cooling region 22, and then
extruded from the die 2 via the sectional area varying
means 23. Subsequently, the partially foamed product
is introduced directly into the heating oven 3 under
normal pressure, whereupon it is heated to a

‘predetermined temperature to be formed into a cross-
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linked thermoplastic resin foam 6 as a final product.

At this time, the extruder 1 and the die 2, formed
of the forming, heating, and cooling regions 20, 21 and
22, are closely in contact with each other, and are
full of the resin composition (and its partially foamed
product). If the extruder 1 or the die 2 is not filled
with the resin composition, the internal pressure of
the die 2 can be neither increased nor maintained even
if a damping force is applied to the partially foamed
product mentioned later.

In this general flow of processes, a thermorlastic
resin, a foaming agent, and a cross-linking agent, as
essential ingredients, are uniformly mixed in the
extruder 1 to prepare a resin composition of a
predetermined make-up. This uniform mixing is effected
using a temperature at which neither of the foaming
agent and the cross-linking agent can be decomposed.

The thermoplastic resin used may be, for example,
polyethylene; polypropylene; ethylene copolymer, such
as ethylene-propylene copolymer, ethylene-vinyl acetate
copolymer, or ethylene-ethyl acrylate copolymer;
polyvinyl chloride; or a mixture of these materials.
Also, this thermoplastic resin may be blended with a
suitable amount of additives; such as a conventional
pigment, antioxidant, ultraviolet absorber, fire
retardant, antistatic agent, anti-fungus agent,
inorganic filler, etc.

The foaming agent used may be selected from any
ones of a decomposition type which can be pyrolyticélly
decomposed to produce gas, such as nitrogen gas, carbon
dioxide gas; etc.; during the process of heating in the

die 2 mentioned later. These materials include, for
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examplé, azodiéarbonamide,
dihitrosopentamethylenetetramine, 4,4’ -oxybis(benzene
sulfonyl hydfazide), azobisisobutyronitrile,; etc.

The contents of these foaming agents are suitably
selected depending on the expansion ratio of the foam

to be obtained. Usually, they range from 5 to 30 parts

- by weight compared with 100 parts by weight for the

aforesaid thermoplastic resin, preferably from 7 to 20

parts by weight. If necessary, a suitable amount of
various. assistants or nucleators may be added to these
foaming agents.

The cross-linking agent, for use as a third
essential ingredient of the resin composition, may be
selected from ones whose decomposition temperature is
not lower than the melting start temperature of the
thermoplastic resin. . These materials include, for
example, dicumyl peroxide, di-t-butyl peroxide, t-butyl
cumyl peroxide; 2,5-dimethyl-2,5-di(t-butyl peroxy)
hexane, 2,5-dimethyl-2,5-di(t-butyl peroxy) hexyne-3,
etec.,

The contents of these cross-linking agents are
suitably selected depending on the degree of cross-
linking of the cross-linked thermoplastic resin foam,
as a final product to be obtained, and the molecular
structure of the thermoplastic resin. Usually, they
range from 0.2 to 5.0 parts by weight compared with 100
parts by weight for the thermoplastic resin, preferably
from 0.3 to 3.0 parts by weight, and more preferably
from 0.3 to 1.0 part by weight.

The resin composition obtained by uniformly mixing

“these ingredients is continuously extruded from the

extruder 1 to the die 2 through the outlet la. The
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.'resin-cbmpbsition extruded out through the outlet la of

the extruder 1 is first molded into a predetermined

shape in the molding region 20, In doing %his, a

molded product of any desired shape, such as a shuet-,

'plate—; or rod-shaped product, can be obtained by

suitably selecting the die shape in the molding region

- 20.

After passing the molding region 20, the molded
product is transferred to the heating region 21. While

mQVing through the heating region 21, the molded

product is heated to a predetermined temperature by

heating means (not shown), such as mcided-in heaters or

~ planar heating elements provided on the upper and lower

surfaces of the die. As a result,; the ¢ross-linking
agent contained in the molded product is pyrolytically
decomposed, so that the cross-linking of the
thermoplastic resin advances. At the same time, the
foaming agent in the molded product is partially
decompogsed to form fine cell nuclei uniformly
distributed in the product, whereupon the molded
product is converted into the partially foamed product
5.

Preferably, the cross-linking of the partially
foamed product 5, obtained in this manner, is at a
degree such that the residual gel weight fraction
obtained when the product 6 is subjected to 24 hours of
extraction in a xylene solution of 120°C is 5% or more.
If the cross-linking degree is such that the residual
gel weight fraction is less than 5%, the cells in the
finally obtained cross-linked thermoplastic resin foam
6 is liable to become¢ coarse.

In the initial stage of this decomposition



 process, the foaming agent in the molded product is

partially decomposed. The decompositidn of the foaming
égent,'that'is, partial foaming of the molded product,
is effected so that there is a relation M1/M2 £ 0.525
(M1 2 1.05, M2 2 2.00), where M1l and M2 are the

expansion ratio of the partially foamed product 5

‘extruded from the die 2 and the expansion ratio of the

cross-linked thermoplastic resin foam 6 to be finally
obtained, respectively. In this case,; the foaming

agent should only be decomposed so that the aforesaid

- requirement is fulfilled. The amount of decomposition

of the foaming agent preferably ranges from 20 to 95%

of the foaming agent content of the resin composition,

- more preferably from 30‘tb 90%, and further preferably

from 50 to 90%. .

If the wvalue of Ml is smaller than 1.05 for the
expansion ratio (M1 < 1.05), sufficient cell nuclei
cannot be formed in the partially foamed product 5, the
cells in the cross-linked thermoplastic resin foam 6
cannot be fine, and their distributionvis uneven.

If the partially foamed product 5 is subject to a
relation M1/M2 > 0.525, the partially foamed product §
undergoes & substantial natural expansion, which is
liable to cause cracks or the like in the surface, when
the product 5 is extruded from the die 2.

Preferably, the relationship between M1 and M2 is
given hy 0.05 £ M1i/M2 £ 0.35, more preferably 0.05 £
Mi/M2 £ 0.2.

The expansion ratic M1 of the partially foamed
product 5 is controlled by suitably selecting the
respective temperatures of the heating and cooling

regions 21 and 22.
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After passing the heating region 21, the partially

foamed product 5 is transferred to the cooling region

22 in the next stage, whereupon it is cooled to a
temperature lower than its softening point and given a
damping force.

If the partially foamed product 5 is only
ihSufficiently cooled in the cooling region 22 so that
the product 5 is at a temperature not lower than its
softening point when it is extruded from the die 2, the

product 5, which is softened, is naturally expanded by

the pressure of‘the gas therein. As a result,
~ destruction of the resulting fine cell nuclei advances,

- and. the surface of the product 5 cracks.

If the partially foamed product 5 in the cooling
region 22, moving in the extruding direction, 'is
subjected to a damping force to resist its movement, a
spontaneous pressure attributable to the decomposition
of the foaming agent in the resin composition can be

confined to maintain the internal pressure of the die

2. This damping force, unlike the one described in-

Published Unexamined Japanese Patent Application No. 2-

283421, is applied to the partially foamed product when

it is cooled to a temperature lower than its softening
point in: the cooling region, that is, when its rigidity

is increased. Having the increased rigidity, the

partially foamed product constitutes, so to speak, an

obstacle to the escape of the pressure produced by the
decomposition. of the foaming agent in the heating
region 21, from the die 2 through its outlet into the
atmosphere, so that a closed system is formed ranging
from the extruder to the outlet portion of the die 2.

Accordingly, the pressure is confined to the die, that
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is, the internai'pressure of the die 2 can be kept at a
desired value. Thus, the internal pressure of the die
2 can be efficiently increased without disturbing the
flow of resin-cbmposition in the heating region 21, or
bénding or cracking the partially foamed product 5
extruded from the die 2. In this manner, the fine cell
'nﬁélei in the product 5 can be uniformly generated and
maintained, and the product 5 can be extruded with
stability.

' In order tovdistribute fine cells of 200 um or
less uniformly in the cross-linked foam 6 to be
obtained, the internal pressure of the die 2 is
preferably conirolled so as to range from 10 to 70
kg/cm2. This internal pressure is suitably selected in
consideratlion of the target cell diaméter. If the _
internal'pressure of the die 2 is lower than 10 kg/cm?,
the cell diameters of the resulting cross-linked
thermoplastic resin foam 6 are greater than 200 um,
and their distribution is uneven, as shown in Fig. 3.
If the internal pressure is higher than 70 kg/cm?, on
the other hand, its effect reaches the limit, and the
apparatus must have a pressure-resistant structure as a
whole. _ ‘

The internal pressure of the die 2 is measured by
means of a pressure gauge 24 mounted in the heating
region 21, for example, as shown in Fig. 4.

Thus, the pressure of the gas produced due to the
decomposition of the foaming agent in the heating
region 21 is confined to maintain the internal pressure
of the die 2 by applying the damping force to the
partially foamed product 5. To attain this, according

to the present invention, it is advisable to design the
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cooling region 22 itself in the following manner.

First, the internal profile of the cooling region

22 is preferably designed so that the sectional area of

the region 22, through which the partially foamed
product 5 moves, gradually dedreases from an inlet 22a,
serving as a junction to the heating region 21, toward
an outlet 22b of the region 22.

In this case, moreover, the internal profile of
the cooling region 22 is preferably designed so that
there is a relation ¢.50 £ 82/S1 £ 0.90, where S1 and
S2 are the sectional area of the cooling region 22 on
the side of the inlet 22a and vhe outlet-side sectional

area of the region 22 at the position where the

partially foamed product 5 is fully cooled to a

temperature lower than its softening point,
respectively. Generally, it is advisable to use the
portion correspording to the sectional area S2 as the
outlet 22b of the cooling region 22.
| If there is a relation S2/S1 > 0.90, the damping
force applied to the partiélly foamed product is too
small to increase the internal pressure of the die 2,
so that the effects of stably freezing and maintaining
the fine cell nuclei generated in the heating region 21
are dampened. If there is a relation S2/S1 < 0.5, on
the other hand, the damping force applied is =0 great
that the internal pressure of the die 2 sometimes
increases suddenly. As a result, it is difficult to
adjust the internal pressure of the die 2, and at the
same time, the apparatus must have a lafge—scale
pfessure-reéistant structure, as a whole, to cope with
production of excessive pressure.

Preferably, there should be a relation 0.70 =
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s2/S1 £ 0.90, more preferably 0.65 £ S2/S1 £ 0.80.

~ If the cross-linked thermoplastic resin foam 6 to
be obtained is‘g plate member, it is to be desired that
the cooling region 22 should have the internal profile
 shown in Figs. 5A and 5B. More specifically, the
paésége profile of the partially foamed product is
recﬁangular, and the sectional area of the rectangular
profile‘is gradually reduced from the inlet 22a
‘connected to the heating region 21 toward the outlet
22b. In other words, the cooling region 22 is narrowed
toward the outlet side in the advancing direction of
“the partially foamed product indicated by arrow p in
Fig. 5A. In this arrangement, the damping force also
acts on the partislly foamed product in the heating
region 21 and the molding region 20, so that the
spontaneous pressure attributable to the decomposition
"of the foaming agent in the resin composition can be
confined to keep the internal pressure of the die 2 at
a desired value.

The internal profile of the cooling region 22 is
not limited to the gradually narrowed shape. As shown
in Fig. 6, for example, opposite projections 22e and
22f may be formed individually on the upper and lower
portions of the inner wall of the cooling region 22
which constitutes part>of a passage for the partially
foamed product. In this case, the relation between the
sectional area S2 defined by the projections 22e and
22f and the area S1 of a junction surface 22a’ is set
as aforesaid.

Preferably, the inner wall portions corresponding
to the projections 22e and 22f should be located at
positions where the partially foamed product flowing
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inside is cooled to a temperature lower than its
softening point.

The internal profile of the cooling region 22 may
be designed so that only its height gradually decreases
toward the outlet side withcut a change of its width,
or only the width gradually decreases toward the outlet
without a change of the height.

The application of the damping force to the
partially foamed product and the maintenance of the
internal pressure of the die 2, which utilizes the
spontanecus. pressure attributable to the decomposition
of the foaming agent in the resin composition, can be
more éfficiently achieved by using the sectional area
varying means 23 additionally provided at the outlet
22b of the cooling region 22,

The sectional area varying means 23 may be formed
of, for example, a choke bar;,; which will be mentioned
later.

Fig. 7 is a sectional view taken along line VII-
VII of Fig. 4, and Fig. 8 is a sectional view taken
along line VIII-VIII of Fig: 7. As shown in Figs. 7
and 8, a choke bar fixing frame is attached to the
outlet 22b of the cooling region 22, The fixing frame,
which is rectangular as a whole, is composed of upper
and lower frames 23a and 23b which have grooves 23c¢ and
234, respectively, extending transversely so as to face
each other.

The proximal end portions of two choke bar bodies
24a and 24b are fitted in the grooves 23c and 23d of
the fixing frame, respectively, so as tv be mounted on
the upper and lower frames 23a and 23b, respectively,

by means of adjust screws 28a to 28h.
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When the adjust screw 28a to 28h of the choke bar
23 are moved vertically, the choke bar bodies 24a and

24b connected to these screws also move vertically in

_the grooves 23c and 23d, respectively. Thus, a gap g
‘between the bodies 24a and 24b can be freely adjusted

by operating the adjust screws. By widening or
narrowing the gap g depending on the extrusion state of
the partially foamed product 5, therefore, the damping
force to be applied to the product 5 can be adjusted to
keep the internal pressure of the die 2 constant.

Preferably, as described above, the choke bar 23
should be provided at the cooling region 22 as part
thereof, and may be suitably located in any position
where the temperature of the partially.foamed product 5
moving therein is lower than its softening point.

In the position where the temperature is lower
than the softening point, the partially foamed product
is increased in rigidity, as mentioned before, so that
it can be kept in shape.‘ Accordingly, the damping
force can be effectively applied to the partially
foamed product 5, so that the spontaneous pressure in
the die 2, attributable to the decomposition of the
foaming agent, can be efficiently retained.

In order to maintain the internal pressure of the
die 2, throttle means 10 of the construction shown in
Fig. 9 and the sectional view of Fig. 10 taken along
line X-X of Fig. 9 may be provided at the outlet 22b of
the cooling region 22, instead of using the choke bar
23 shown in Figs. 7 and 8.

The throttle means 10, which has the same internal
profile as the cooling region 22, is attached

integrally to a flange portion of the region 22 by
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means of screws lla and 11b.

An upper frame 10a of the throttle means 10 is
formed having a stepped portion 10c which is raised
toward an outlet end 10b. The stepped portion 10c is
provided with a tongue 12 whose width is equal to that
of Bhe internal profile of the cooling region 22. A
proximal end 12b of the tongue 12 is fixed to the ‘
stepped portion 10c so that a passage side face 12c of
the tongue 12 is flush with the upper wall of the
codling region 22, The respective tip ende of screws
1lc and 114, which are screwed in the upper frame 10a
‘near the outlet end 10b, abut against a distal end 12a
“of the tongue 12. :

If the screws 1llc and 11d of the throttle means 10
are adjusted so that the tongue 12 horizontally extends
straight from its proximal end 12b, the partially
foamed product 5 pushed out through thé outlet of the
cooling region 22 can be extruded without being damped
by the throttle means 10. If the screws llec and 1id
are screwed in downward, however; the distal end 12a of
the tongue 12 is pressed by the screws l1llc and 11d, so
that the tongue 12 bends downward with respect to the

_proximil end 12b. Accordingly, the internal profile of
the throttle means 10 is continuously reduced in the
vertical direction. Thus, the partially foamed product
5 pushed out through the outlet of the cooling region
22 is continuously contracted to be subjected to the
damping force by the bent tongue 12.

In this manner, the contraction of the partially

foamed product 5, that is, the damping force to be
applied, can be freely adjusted by changing the depth

of screwing of the screws 1llc and 11d. Therefore, the



@ o

L] LYY
295400
L] L)
®ode
L] L
o® L]
o [ 3

LR XY

. o0
L4

- 26 -

damping'force of a suitable magnitude can be applied

corresponding to the extrusion state of the partially

- foamed product, so that the spontaneous pressure in the

die 2, attributable to the decomposition of the foaming
agent, can be suitably adjusted.

The throttle means 10 is superior to the choke bar
23 in that there is no difference in level or drastic
change in sectional aréa in the vicinity of the
junction to the outlet 22b of the cooling region 22.

Preferably, a lubricant is injected from an oiling
pump 13 into the boundary between the molding region 20
and the heating region 21 through an oiling pipe 13a.
By doing this, the lubricant is adhered to the outer
peripheral surface of the molded product moving from
the molding region 20 to the heating region 21. As the
cross-linking of the partially foamed product 5
advances while the product moves through the heating
region 21 and the cooling region 22, the melt viscosity
of the partially foamed products 5 increases to
increase the frictional resistance to the inner wall of
the die 2 in the regions 21 and 22, and accordingly,
the product 5 may cease to move downstream. The
lubricant serves to prevent an increase of the head
load of the extruder 1 and thus damage to the extruder.

Thus, by adhering the lubricant to the outer
peripheral surface of the molded product from the
molding region 20; the frictional resistance between
the inner wall of the die 2 in the heating region 21
and the cooling region 22 and the partially foamed
product 5 can be reduced to ensure a smooth downstream
movement of the product.

The Jlubricant used for this purpose must be one
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which cannot be decomposed or evaporated by heat from

- the heating region 21, and is reluctant to melt into or

deteriorate the molded product and chemically stable.
For example, liquid polysiloxane, polyhydric alcohol

such as ethylene glycol, alkyl ester, alkyl ether, or
polydxyalkylene may be used as the lubricant.

_The lubricant injected into the molding region 20

'reaohes'the outlet of the cobling region 22 without

_leéving the outer péripheral surface of the partially

foamed product 5, whereupon it is scraped off by means
of the choke bar bodies 24a and 24b or the tongue 12 of
the throttle means 10. The lubricant removed from the
surface of the partially foamed product is eliminated
by suction using a suction pump.14, through a pipe 13b
connected to the choke bar or the throttle means.
Thereafter, the lubricant is filtered by means of a
filter unit 13c, and is then injected again into the
molding region 20 by means of the oiling pump 13.

If the lubricant is not removed in this manner, it
remains on the partially foamed product 5 as it is
introduced into the heating oven 3, thereby
considerably damaging the external appearance of the
resulting cross-linked thermoplastic resin foam 6.

The partially foamed product 5, thus extruded
through the choke bar or the throttle means, is
introduced into the hesating oven 3 under normal
pressure to be heated therein, so that uniform foaming
around the frozen cell nuclei advances, whereupon the
cross-linked thermoplastic resin foam 6 with uniform
fine cells is obtained:

In the heating oven 3, which has a conventional

structure, the partially foamed product 6§ is
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transported:by\means of a belt conveyor 30 to be
vertically reheated by means of heaters 31 and 32 on
~either side. The heaters 31 and 32 may be selected
frbm ones of various types, such as infrared heaters,
far-infrared heaters, hot-air heaters, etc. In Fig. 4,
:numeral 34 denotes circulating fans for circulating hot
. air irn the oven.
”‘ ' The croszs-linked thermoplastic resin foam 6 fﬁlly
'expanded in the héating oven 3 is shaped by means of
shaping rollers 8 in the next stage, and is taken off
by means of a take-off unit (not shown).
Example 1
b A cross-linked thermoplastic resin foam was
‘manufactured by using the manufacturing apparatus shown
in Fig. 4. First, 100 parts by weight of low-density
polyethylene (MI: 0.8 g/10 min; density: 0.920 g/cm?),
10 parts by weight of azodicarbonamide, and 1.0 part by
weight of didumyl peroxide were introduced into the
extruder 1 (single-screwed; inside diameter: 75 mm; L/D
= 28), and melted and mixed at 130°C, and the resulting
resin composition was extrucded into the die 2.

The molding region 20 of the die 2 is fitted with
a coat hanger die, which can mold the resin composition
from the extruder 1 into a flat plate of 150 mm width
and 10 mm thickness, and its temperature is set at
130°C. The heating region 21, which has an overall
length of 900 mm and a square straight profile 150 mm
wide and 10 mm high, is adjusted to three stages of
temperature, 150°C, 180°C, and 195°C, arranged
downstream. A fixed amount of diethylene glyccl, for
use ag the lubricant, was injected at the boundary
between the outlet 1la of the extruder 1 and the molding
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‘_regianZO by means of the oiling pump 13. The cooling

region 22, which has an overall length of 700 mm, is of
a tapered type, as shown in Fig. 5, having its internal
profile gradually similarly reduced so that the
internal sectional area ratio S2/S1 is 0.8. 1In the
region 22, the partially foamed product is cooled to
50°C.  The choke bar 23, as shown in Figs. 7 and 8, was

,attaéhed to the outlet 22b of the cooling region 22,
and the gap between the choke bar bodies 24a and 24b

o were adjusted so that the ratio of the sectional area

between the choke bar bodies 24a and 24b to the inlet
seétional area of the region 22 was 0,65, At this
time, the indication of the pressure in the die 2
measured by means of the pressure gauge 24 in the
heating region 21 was 35 kg/cm2.

The partially foamed product 5 extruded from the
choke bar 23 exhibited a residual gel weight fraction
of 57%, bulk density of 0.455 g/cm3, and expansion
ratio M1 of 2.0. Fig. 11 shows a microphotogréphvof
the sectional texture of the product 5. 1In the
partially foamed product 5, fine cell nuclei withvan
average diameter of 36 um are distributed at a density
of 136 huole_i/mm2 (average), and this distribution is
uniform, as seen from Fig. 11,

Subsequently, the extruded partially foamed
product 5 was continuously introduced into the heating
oven 3 of 229°C tn decompose the residual foaming
agent, whereupon the cross-linked thermoplastic resin
foam 6 was continuously obtained. The resulting cross-
linked thermoplastic resin foam was a plate with 330 mm
width and 22 mm thickness, exhibiting an bulk densityv

of 0.057 g/cm?® and expansion ratio M2 of 16.9. Thus,
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the ratio M1/M2 was 0.118. Fig. 12 shows a

‘ microphotograph of the sectional texture of the cross-

linkead thermbplastic resin foam 6. In the resulting

foam €, cells with an average diameter of 130 um are
distributed at a density of 59 cells/mm2 (average), and

this distribution is uniform, as seen from Fig. 12.

_Examﬁle 2

The cross-linked thermoplastic resin foam 6 was

COntinuously manufactured by the same method as in

Example 1, except that the resin composition melted and

“mixed in t} 2 extruder 1 contained 85 parts by weight of

low-density polyethylene (MI: 1.2 g/10 min; density:

'_0.920 g/cm3), 15 parts by weight of another low-density

polyethylene (MI: 4 g/10 min; density: 0.920 g/cm3?), 10

- parts by weight of azodicarbonamide, and 0.8 part by
weight of dicumyl peroxide, and that the chike bar gap

was adjusted so that the overall sectional‘area ratio
was 0.75 and the internal pressure of the die 2,
measured by means of the pressure gauge 24, was 29
kz/cm2,

The residual gel weight fraction, bulk density,
and expansion ratio M1 of the partially foamed product

5 were 41%, 0.485 g/cm?, and 1.9, respectively, and the

average diameter and distribution density_of the cell

~nuclei were 50 um and 202 nuclei/mm2?, respectively.

The resulting cross-linked thermoplastic resin
foam 6 was 311 mm wide and 20 mm thick, and exhibited a
bulk dengity of 0.060 g/cm?, average cell diametéf of
160 um, and expansion ratio M2 of 15.3. Thus, the
ratio M1/M2 was 0.124.
Example 3

The cross-linked thermoplastic resin foam 6 was
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'continuously manufactured by the same method as in
'Examplg 1, except that the overall length of the
cooling'region 22 and the set temperature were 1,300 mm
and 30°C, respectively{ In this case, the temperature
of the partially foamed prbduct 5 was lower than in the
case of Example 1, so that the internal pressure of the
die 2 was as high as 49 kg/cm2. '

The residual gel weight fraction, bulk density, -
and expansion ratio M1 of the partially foamed product
5 were 40%, 0.584 g/cm?, and 1.7, respectively, and the
average diameter and distribution density of the cell
nuclei were 28 um and 228 nuclei/mm2, respectively.

The resulting cross—linked>thermoplastic resin
foam 6 was 325 mm wide and 23 mm thick, and exhibited a
bulk density of 0.059 g/cm?; average 6ell diameter of
130 um, and expansion ratio M2 of 16.3. Thus, the
ratic M1/M2 was 0.104.

Example 4 ‘

The cross~linked thermoplastic resin foam 6 was
continuously manufactured by the same method as in
Example 1, except that the resin composition melted and
mixed in the extruder .1 contained 100 parts by weight
of low-d.nsity polyethylene (MI: 1.2 g/10 min; density:
0.920_g/cm3), 18 parts by weight of diazodicarbonamide;,
and 0.5 part by Weight‘of dicumyl peroxide, and that
three stages-of set temperature, 150°C, 180°C, and
195°C, were arranged downstream iix the heating region
21, In this'case, the internal pressure of the die 2
was 40 kg/cm2,

The residual gel weight fraction, bulk density,
and expansion ratio M1 uvf the partially foamed product

5 were 64%, 0.576 g/cm3, and 1.7, respectively, and the
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average diameter and distribution density of the cell
nuclei wére 76'ym and 154 nuclei/mm2, respectively.

" The resﬂlting cross-linked thermoplastic resin
foam 6 was 412 mm wide and 27 mm thick; and exhibited a
bulk density of 0.033 g/cm3, average cell diameter of
160 um, and expansion ratio M2 of 29.7. Thus, the
ratio M1/M2 was 0,057.

Eggmple 5 '

'~ The crcss-linked thermoplastic resin foam 6 was
continuously manufactured by the same method as in
Example 1, except that the throttle means 10 shown in
Figs. 9 and 10 was attached to the outlet of the
cooling region 22, instead of using the choke bar, and
that the bend of the tongue 12 was adjusted by means of
the screws 1llc and 11d so that the ratio of the
sectional area of the outlet of the cooling region 22
defined by the tohgue 12 to the inlet sectional area of
the region 22 was 0.65. - In this case, the internal
pressure of the die 2 was 43 kg/cm?2. v

The residual gél weight fraction, bulk density,
end expansion ratio M1 of the partially foamed product
5 were 54%, 0.465 g/cm3, and 2.1, respectively, and the
average diaheter and distribution density of the cell
nuclei were 52 um and 148 nuclei/mm?, respectively.

ThA résulting cross-linked thermoplastic resin
foam 6 was 311 mm wide and 22 mm thick, and exhibited a
bulk density of 0.054 g/cm3, average cell diameter of
130 um, and expansion ratio M2 of 18. Thus, the ratio
M1/M2 was 0.116.

Control 1
A cross-linked thermoplastic resin foam was

manufactured in the same manner as in Example 1, except
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that the cooling region 22 was replaced with a straight
000}ing.region‘having an outlet-to-inlet sectional area

ratio of 1.0, and that the choke bar gap was adjusted

so that the overall sectional area ratio was 1.0. In

‘this case, the internal pressure of the die 2 was 5

kg/cm?,

- The residual gel weight fraction, bulk density,
and expansion ratio M1 of the partially foamed product
wére_71%, 0.358 g/cm?, and 2.69, respectively, and the
average diameter and distribution density of the cell
nuclei were 280 um and 21 nuclei/mm?2, respectively.

The resulting cross-linked thermoplastic resin
foam was 327 mm wide and 18.6 mm thick, and exhibited a
bulk density of 0.055 g/cm?, average cell diameter of
390 wm, and expansion ratio M2 of 17.4. Thus, the
ratio M1/M2 was 0.155.
Control 2

A partially foamed product was extruded in the
same manner as in Control 1, except that the choke bar
gap was adjusted so that the overall sectional area
ratio was 0.95, and that the temperature of the cooling
region 22 was set at 100°C. In this case, the
partially foamed product swelled drastically, thereby
causing cracks in the surface, when it was pushed out
through the outlet of the choke bar. Further, the
internal pressure of the die 2 varied considerably, so
that it was difficult to extrude the partially foamed
product with stability.
Control 3

A cross-linked thermoplastic resin foam was
manufactured in the same manner as in Control 1, except

that the temperature of the heating region 21 was kept
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constant at 170°C. In this case, the internal pressure
"of the die 2 was 7 kg/cm?2, |

The residual gel weight fraction, bulk density,
and eXpansion ratio M1l of the partially foamed product
were 0%, 0.925 g/cm?®, and 1.04, respectively, and the
average diameter and distribution density of the cell
nuclei were 357 um and 2 nuclei/mm2, respectively

The resulting cross-linked thermoplastic resin
foam was 330 mm wide and 22 mm thick, and exhibited a
bulk density of 0.055 g/cm3, average cell diameter of
1,300 gm, and expansidn ratio M2 of 17.5. Thus, the
ratio M1/M2 ras 0.059.

Control 4 '

A partially foamed product was extruded in the
same manner- as in Control 1, except that three stages
6f set temperature, 160°C, 190°C, and 210°C, were
arranged downstream in the heating region 21.

The state of a swell of the partially foamed
product at the outlet of the choke bar was unstable, so
that the molded‘product failed to be extruded straight,
and its surface was cracked even though it was
extruded, that is, the extrusion was extremely
unstable. Thus, the partially foahed product was
unable to be continuously introduced into the heating
oven. v

Part of the partially foamed product was cut off
and heated to 220°C to be expanded under normal
pressure. The residual gel weight fraction, bulk
density, and expansion ratio M1 of this part of the
molded product were 43%, 0.053 g/cm?®, and 18.3,
respectively, and the average diameter and distribution

density of the cell nuclei were 150 um and 44
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nuclei/mm?, respectively. The resulting cross-linked

E thermoplastic resin foam exhibited a bulk density of

0.048 g/cm?, average cell digmeter of 160 um, and
expansion ratio M2 of 20. Thus, the ratio M1/M2 was
0.915. o

"_Ahother part of the partially foamed product was

cut off and heated to 220°C to be expanded under norms.l

. pressure. The residual gel weight fraction, bulk

density, and expansion ratio M1 of this second psart of .
the molded product were 40%, 57.5 g/cm?, and 17.1,
respectively, and the average diameter and distribution
density of the cell nuclei were 184 um and 29k
nuclei/mm?, respectively. The resulting cross-linked
thermoplastic resin foam exhibited a bulk density of
52.8 g/cm3, average cell diameter of 344 um, and
expansion ratio MZ of 18.7. -Thus, the ratio M1/M2 of
this part was 0.914. |

Since these parts of the partially foamed product
failed to fulfill the condition M1/M2 £ 0.525 (M1 2

1.05, M2 2 2), the extrusion was extremely unstable.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS.

1. A method for manufacturing a cross-linked
thermoplastic resin foam, comprising:

extruding a resin composition into a closed die,
said résin cotposition containing at least a
thermoplastic resin, a foaming ageut. and a cross-
linking agent, said die inciuding at least a molding
region, a heating region, and a cooling region,
continuously arranged in the order named;

molding said resin composition into a desired
shape in said molding region of said die; |

heating said resin composition in said heating
region of said die to decompose said cross-linking
agent and also to decompose at least part of said
foaming agent so that cell nuclei are produced, thereby
forming a partiglly foamed product;

cooling said partially foamed product to a
temperature lower than the softening point therecf in
said cooling region of said die, thereby increasing the
rigidity of said partially foamed product, and
extruding said partially foamed product, moving in said
cooling region, to the outside of said die while
applying a damping force to said partially foamed
product; and

heating said extruded partially foamed product
under normal pressure to expand said foaming agent
fully, thereby obtaining a final product.

2. A method for manufacturing a cross-linked
thermoplastic resin foam according to claim 1, wherein
said resin composition is partially expanded so that
there is a relation M1/M2 £ 0.35325 (M1 =z 1.05, M2 2

2.00), where M1 and M2 are the expansion ratios of said
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partially foamed product and said final product,
respectively.

3. A method for manufacturing a cross-linked
thermoplastic resin foam according to claim 2, wherein
said resin compizition is partially expanded so that
there is a 1-laiion 0.05 £ M1/M2 £ 0.35 between said
values M1 and M2,

4, A meﬁhod for manufacturing a cross-linked
thermoplastic resin foam according to claim 1, wherein
said resin composition is extruded into said die so
that the internal pressure of said die in said heating
region rangé3~from 10 to 70 kgf/émz.

5. A method for manufacturing a cross-linked
thermoplastic resin foam according to claim 1, wherein
said thermoplastic resin is polyolefin. ’

6.  An apparatus for manufacturing a cross-linked
thermoplastic resin foam, comprising:

an extruder for extruding a resin composition
containing at least a thermoplastic resin, a foaming
agent, and a cross-linking agent;

a closed die continuous with an outlet of said
extruder and including at least a molding region, a
heating region, and a cooling region, so that said
resin composition fed from said extruder is molded into
a desired shape in said molding regiown, said resin
composition molded into said desired shape is heated in
said heating region to decompose said cross-linking
agent and also to decompose at least part of said
foaming agent so that cell nuclei are prouduced, thereby
forming a partially foamed product, said partially
foamed product is cooled to a temperature lower than

the softening point thereof in said cooling region, and
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a damping force is applied to said partially foamed
product when said cooled partially foamed product moves
in said cooling region; and

‘ heat foaming means for heating said partially

foamed product, extruded from ssid die, under normal

- pressure to expand said foaming agent fully, thereby

obtaining a final product,

said cooling region of said die including a
sectional area portion narrower than the inlet
sectional area thereof, on the outlet side of the
position where said partially foamed product is cooled
to the temperature .ower than the softening point
thereof.

7. An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to claim 6, wherein
said cooling region of said die has a profile such that

the sectional area of said partially foamed product

‘moving through said cooling region gradually decreases.

8. - 'An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to claim 6 or 7,
wherein there is a relation 0.50 £ S2/S1 £ 0.90,
where S1 and S2 are the inlet sectional area of said
cooling region and the sectional area of said cooling
region at ﬁhe position where said partially foamed
product is cooled to the temperature lower than the
softening point thereof, respectively.

9. An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to claim 6, further
comprising sectional area varying means located at said
desired position of said cooling region, where said
partially foamed product is cooled to the temperature
lower than the softening point thereof, and adapted to
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vary the sectional area of said partially foamed

'product, whereby said damping force is applied to said

partially foamed product.

©10. An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to claim 9, wherein
said seétional area varying means is a choke bai.

11, An apparatus for manufacturing a cross-linked
thermoplastic resin foam aocordihg to claim 9, wherein
said sectional area varying means is means for
continuocusly reducing the sectional area of the
partially foamed prodrct moving therein.

| 12. An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to claim 6, wherein
said resin composition is partially expanded in said
heating region of said die so that there is a relation
M1/M2 £ 0.525 (M1 2 1.05, M2 z 2.00), where M1l and

M2 are the expansion ratios of said partially foamed
product and said final product, respectively.

13. An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to qlaim 12, wherein
said resin composition is partially expanded so that
there is a relation 0.05 £ M1/M2 £ 0.35 between said
values M1 and M2.

14. An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to claim 6, wherein
said extruder e~xtrudes said resin composition into said
die under pressure so that the internal pressure of
said die in said heating region ranges from 10 to 70
kgf/cm2.,

15. An apparatus for manufacturing a cross-linked
thermoplastic resin foam according to claim 6, wherein

said thermopléstic resin is polyolefin.
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1s. A method for manufacturing a cross-linked
thermoplastic resin foam and/or apparatus therefor

- substantially as hereinbefore described with réference to

the drawings and/or examples.

17. The steps, features, compositions and compou
disclosed herein or referred to qr indic in the

specification and/or claims o S application,
ively, and any and all combinations

individually or co
5r more of said steps or features.

DATED this TWENTY FIFTH day of FEBRUARY 1991
The Furukawa Electric Co., Ltd.

by DAVIES & COLLISON
Patent Attorneys for the applicant(s)
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