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TITLE OF THE INVENTION 

EXTRUDED PROPYLENE POLYMER RESIN FOAM 

BACKGROUND OF THE INVENTION 

Technical Field · 

The present invention relates to a novel extruded 

propylene polymer resin foam. More particularly, the 

present invention is concerned with.a novel extruded 

propylene polymer resin foam comprising a vast plurali-

ty of cells and a matrix constituted by cell walls of 

the cells and comprised of a propylene polymer resin, 

wherein said propylene polymer resin has high viscoe-

lasticity characteristics, and wherein the foam has a 

thickness as large as at least 20 mm, a density as 

small as 0.03 g/cm3 or less, an average cell diameter 

of from 0.4 to 2.0 mm and a closed cell ratio as large 

as at least 80 %. The resin foam of the present inven-

tion has not only light weight, but also exhibits high 

cushionin~ performance and excellent mechanical 

strengths, so that, after fabricated into various sizes 

by cutting, the resultant resin foam articles can be 

advantageously used in the fields of cushion packaging 

materials, floating materials, and heat insulating 

materials. 

Background Art 

Extruded polyethylene resin foams have heretofore 
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been well known, however, have various problems in 

respect of the properties thereof. On the other hand, 

propylene polymer resins have high rigidity as compared 

to polyethylene resins and, therefore, have advantages 

in that when foams are produced from propylene polymer 

resins, the foams can exhibit high mechanical strengths 

with the use of the resin in a reduced amount, so that 

excellent foams having light weight and excellent 

mechanical properties can be produced. Accordingly, 

various attempts have recently been made to improve 

propylene resin foams. 

For example, Unexamined Japanese Patent Applica­

tion Laid-Open specification No. H4-363227/1992 and 

Japanese Patent Application prior-to-examination Publi­

cation (kohyo) No. H5-506875/1993 (corresponding to 

International Patent Application Publication No. 

WO 91/13933) disclose extruded propylene polymer resin 

foams having a density of 0.03 g/cm3 or less. However; 

any of the conventional extruded propylene polymer 

resin forms having a density of 0.03 g/cm3 or less does 

not have a thickness and a closed cell ratio which are 

sufficient to exert high cushioning performance, so 

that these forms are unsatisfactory for use as cushion 

packaging materials. 

With a view toward solving the problems accompany-
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ing the conventional propylene polymer resin forms, the 

present inventors have conducted experiments using 

extruded resin foams having different thicknesses which 

were produced from olefin polymer resins, such as 

ethylene polymer resins and propylene polymer resins, 

in order to find relationships between the thickness of 

the resin foam and the cushioning performance exerted 

by the resin foam. Observations have been made using a 

graph of dynamic impact characteristic curves showing 

the results of the experiments. 

Referring to Fig. 3 of the accompanying drawings, 

there is shown a graph of dynamic impact characteristic 

curves, showing the relationships between the static 

stress generated on the resin foam and the peak accel­

eration sustained by the weight in the one-time drop­

ping test, with respect to resin foams having different 

thicknesses. The dynamic impact characteristic curve 

was obtained by the experiments which were conducted in 

accordance with the "Testing Methods of Dynamic Com­

pression for Package Cushioning Materials" prescribed 

in Japanese Industrial Standards (JIS) z 0235, using 

extruded polyethylene resin foams each having a density 

of 0.025 g/cm3 and respectively having thicknesses of 

20, 30 and 40 mm. From Fig. 3 and an explanation 

thereon (which is given below), not only will the 

... ·:.- ··:~ 
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meaning of the "cushioning performance" be made clear, 

but also it will be understood that for exerting an 

satisfactory cushioning performance it is necessary for 

a resin foam to have a thickness of at least 20 mm. 

In the graph of Fig. 3 which shows the dynamic 

impact characteristic curves, the ordinate indicates 

the peak acceleration J (0 - 100 G), and the abscissa 

having a logarithmic scale indicates the static stress 

I (0.02 - 0.4 kgf/cm2 ). This graph has been prepared 

as follows. A predetermined number of different 

weights, each having an accelerometer equipped inside 

thereof, are individually dropped on resin foams to 

measure maximum accelerations with respect to the 

respective weights. Such maximum accelerations are 

defined as ''peak accelerations". On the other hand, 

the respective weights are statically placed on the 

resin foams, and static stresses generated by the 

weights are obtained. The obtained peak acceleration 

values are plotted against the static stress values to 

obtain dynamic impact characteristic curves. 

The experiments for obtaining Fig. 3 were conduct­

ed using different weights respectively capable of 

generating different static stresses in the range of 

from 0.02 to 0.4 kgf/cm2 on the foam. The range of 

from 0.02 to 0.4 kgf/cm2 covers the magnitudes of 
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static stress which are generated when household elec­

tric apparatus, personal computers, OA (office automat­

ed) equipment, precision machines, etc. having a weight 

of about 5 to 50 kg are statically placed on resin 

foams. In Fig. 3, characters "t20", "t30" and "t40" 

respectively mean curves obtained with respect to foams 

having thicknesses of 20 mm, 30 mm and 40 mm. The 

minimum value of the peak accelerations which can be 

obtained from the dynamic impact characteristic curve 

indicates the minimum peak acceleration (load) which is 

experienced by the foam (corresponding to the charac­

teristic curve) when the foam is used as a cushion 

packaging material for articles, such as household 

electric apparatus etc. This minimum peak acceleration 

indicates the maximum cushioning performance which the 

foam can exhibit. 

It has also been found that the peak acceleration 

which does not cause mechanical troubles or damage on · 

the articles, such as household electric apparatus 

etc., is generally 80 G or less. Fig. 3 clearly shows 

that when a foam having a thickness of less than 20 mm 

is used for packaging an article generating a static 

stress in the above-mentioned range (0.02 to 0.4 

kgf/cm2 ), the peak acceleration which is experienced by 

the packaged article in the dropping thereof exceeds 
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80 G as an acceptable level, so that the article is 

likely to suffer mechanical troubles or damages. 

Accordingly, it will be understood that foams having a 

thickness of less than 20 mm are not suitable for use 

as safety packaging material for articles, such as 

household electric apparatus. 

Further, as a result of the investigations by the 

present inventors, it has been found that for maintain­

ing the cushioning performance even when repeatedly 

sustain impact, it is necessary for foams to have a 

closed cell ratio of at least 80 %. When the closed 

cell ratio of the foam is less than 80 %, the ratio of 

the minimum peak acceleration sustained by the foam at 

2 to 5 times repeated dropping tests to that at a one­

time dropping test disadvantageously becomes large and, 

therefore, such a foam cannot be used as a cushion 

packaging material without a danger of causing mechani­

cal troubles and damages of a packaged article. 

Furthermore, as a result of the investigations by 

the present inventors, it has also been found that with 

respect t·o at least 20 mm-thick foams to be used as 

cushion packaging materials, it is necessary for the 

foams to have an average cell diameter of from 0.4 to 

2.0 mm. 

0.4 mm, 

When the average cell diameter is less than 

the ratio of the compression stress generated 
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in an extrusion direction in the production of a foam 

by extrusion to the compression stress generated in a 

thicknesswise direction becomes too large, so that the 

produced foam is caused to have a cushioning perform­

ance varied depending on the direction. Therefore, in 

actual use of the foam, it is necessary to carefully 

choose a direction in which the foam structure is used, 

which is cumbersome, so that the commercial value of 

such a direction-dependent foam as a cushion packaging 

material becomes very low. On the other hand, when the 

average cell diameter of the foam is more than 2.0 mm, 

such a foam has disadvantages in that not only is the 

surface appearance poor, but also the touch of the foam 

is unpleasant due to the large thickness of the cell 

wall, so that the commercial value of the foam becomes 

low also. 

On the other hand, in the above-mentioned prior 

art publications, namely, Unexamined Japanese Patent 

Application Laid-Open Specification No. H4-363227 

(hereinafter frequently referred to simply as "Japa­

nese H4-363227A") and WO 91/13933 publication, it is 

described that it is difficult to produce an extruded 

foam from a propylene polymer resin as compared to the 

production of the extruded foam from a low density 

polyethylene resin. For example, in Japanese H4-
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363227A, it is described that since a propylene polymer 

resin has a high crystallinity as compared to a low 

density polyethylene resin, the viscoelasticity proper­

ties of the propylene polymer resin are likely to 

change according to a change (even slight) of tempera­

ture, so that the range of optimum temperature for 

extrusion becomes very narrow, leading to difficulties 

such that good quality foams cannot be obtained because 

it is not actually easy to adjust the temperature of 

the resin to a temperature within the above-mentioned 

narrow optimum range. For solving these problems of 

the above-mentioned two prior art publications, the 

following methods for producing propylene polymer resin 

foams have been proposed. In Japanese H4-363227A, it 

is described that when a propylene polymer resin exhib­

iting a melt tension of at least 7 gf at 230 °C is 

used, extruded plank foams having a density of from 

0.18 to 0.018 g/cm3 and a thickness of from 10 to 

100 mm can be obtained. In WO 91/13933, it is de­

scribed that when a specific propylene polymer resin 

comprising a major moiety of a linear propylene polymer 

and a minor moiety of side chains highly branched from 

the linear propylene polymer is used, extruded sheet 

foams having a thickness of from 0.5 to 5.0 mm can be 

obtained. 
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By using the resin disclosed in WO 91/13933, a 

good quality foam can be obtained as long as the foam 

has a density of from 0.04 to 0.4 g/cm3 and a thickness 

of 5 mm or less. However, the technique of WO 91/13933 

has a serious problem in that when it is intended to 

produce a plank foam having a thickness as large as 

20 mm or more, the breakage of the cell walls (mem­

branes) markedly occurs, so that the closed cell ratio 

is drastically lowered. When a cell nucleating agent 

or the like is added to the foaming resin composition 

for the purpose of preventing the closed cell ratio 

from lowering, the size of the closed cells is caused 

to become very small and have a diameter of less than 

0.4 mm, so that not only cannot a foam having an in­

creased thickness be obtained, but also various serious 

problems occur such that anisotropy is observed in the 

compression stress and cushioning performance of the 

foam produced, that scalelike concave-convex portions 

occur in the surf ace of the produced foam, and that the 

produced plank foam is wholly deformed into a wavy 

shape (hereinafter frequently referred to as "corruga­

tion phenomenon"). Thus, good quality foams cannot be 

obtained by the technique of WO 91/13933. 

On the other hand, when the resin disclosed in 

Japanese H4-363227A is used, substantially the same 
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unfavorable phenomena as in WO 91/13933 occur as major 

problems. This means that the described resin proper­

ties "melt tension of 7 gf at 230 °C" cannot solve the 

essential problems accompanying the conventional resins 

as in WO 91/13933. More specifically stated, although 

Japan~se H4-363227A contains a description that an 

extruded plank foam having a density of from 0.018 to 

0.18 g/cm3 and a thickness of from 10 to 100 nnn can be 

obtained, actual experiments show that a foam having a 

thickness increased to about 30 to 100 mm is obtained 

only when the density of the foam is on the order of 

from 0.10 to 0.18 g/cm3, and that, however, when it is 

intended to obtain a highly expanded foam having a 

density reduced to a level as low as 0.03 g/cm3 or 

less, the foam produced necessarily becomes a plank or 

sheet foam having a small thickness, i.e., a thickness 

of only 10 mm or less, so that the produced foam cannot 

exert a satisfactory cushioning performance in use as a 

cushion packaging material. In fact, in all of working 

examples in Japanese H4-363227A, which appear to con­

tain a relatively sufficient disclosure for replica-

tion, there are only described foams having a thickness 

as small as 2 mm or less, which is believed to be 

ascribed to the difficult technical background as 

mentioned above. 
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As mentioned above, with the use of the specific 

resins used in Japanese H4-363227A and WO 91/13933, 

highly expanded foams having a high ratio of closed 

cells and satisfying requirements. such that the density 

be from 0.005 to 0.03 g/cm3 and the thickness be at 

least 20 mm, cannot be obtained even if any production 

·conditions are employed. 

Therefore, if a cushion packaging material com­

prised of a propylene polymer resin foam having a 

thickness of 20 mm or more is desired, there has con­

ventionally been no other measure than laminating a 

plurality of thin sheet foams having a thickness of 

from about 2 to 3 mm to each other by heating or by 

means of an adhesive to obtain a laminate foam struc­

ture. However, such a laminate foam is disadvantageous 

in that since a connection layer connecting the adja-

. cent thin foams in the laminate foam structure is hard, 

a danger of impairing or damaging an article to be 

packaged is unavoidable when the article is contacted 

with the hard connection layer of the laminate foam 

structure, that since a large anisotropy occurs in 

compression stress and cushioning performance between 

an exposed face portion of the hard connection layer 

and other face portions of the laminate foam, the 

commercial value of the laminate foam as a cushion 
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packaging material becomes very low, and that the 

production of such a laminate foam structure involves, 

in addition to the conventional extrusion-foaming step, 

an additional lamination step, which leads to a consid­

erable increase in production cost. 

In the above-mentioned situations, the present 

inventors have made extensive and intensive studies 

with a view toward developing propylene polymer resin 

foams exhibiting not only high cushioning performance 

and mechanical strength properties, but also light 

weight and excellent appearance. As a result, it has 

unexpectedly, surprisingly been found that when a 

specific propylene polymer resin exhibiting a biaxial 

extensional viscosity of at least 4.5 x 106 poises at a 

biaxial.extensional strain of 0.2, and a biaxial strain 

hardening rate of at least 0.30 (wherein the biaxial 

strain hardening rate is defined herein) is used as a 

resin to be supplied to an extruder (such a resin is 

hereinafter frequently referred to as "base resin"), 

and the base resin is subjected to extrusion foaming 

molding, an extruded propylene polymer resin foam 

having large thickness can be obtained. This extruded 

propylene polymer resin foam comprises a plurality of 

closed cells defined by cell walls which constitute a 

matrix of the foam, wherein the matrix comprising a 
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propylene polymer resin exhibiting a biaxial extension­

al viscosity of at least 3.0 x 106 poises at a biaxial 

extensional strain of 0.2, and a biaxial strain harden­

ing rate of at least 0.25 (wherein the biaxial strain 

hardening rate is defined herein), and wherein the foam 

has specific foam properties which have not heretofore 

been realized, that is, the foam is a single layer foam 

having a thickness of at least 20 mm, a density of from 

0.005 to 0.03 g/cm3 , an average cell diameter of from 

0.4 to 2.0 mm, and a closed cell ratio of at least 

80 %. 

This extruded propylene polymer resin foam exhib­

its 80 G or less in terms of the minimum peak accelera­

tion when tested in accordance with the "Testing Meth­

ods of Dynamic Compression for Package Cushioning 

Materials" prescribed in Japanese Industrial Standards 

(JIS) Z 0235, in which weights are dropped from a 

height of 60 cm on the foam. Thus, the e~truded pro­

pylene polymer resin foam exhibits not only high cush­

ioning performance and mechanical strength properties, 

but also has light weight and excellent appearance. 

The present invention has been completed, based on 

the above novel findings. 

Accordingly, a primary object of the present 

invention is to provide an extruded propylene polymer 
·:, 
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resin foam which exhibits not only high cushioning 

performance and mechanical strength properties, but 

also can maintain high cushioning performance even when 

repeatedly sustain impact, and which has light weight 

and excellent appearance. 

The foregoing and other objects, features and 

advantages of the present invention will be apparent 

from the following detailed description and appended 

claims taken in connection with the accompanying draw­

ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is an explanatory diagram showing the 

growth of cells and formation of a foam in the vicinity 

of an extrusion die attached to an ,"extruder (i.e., in 

the inside and outside of the extrusion region); 

Fig. 2 is an explanatory diagram showing the 

growth of cells and formation of a foam in the vicinity 

of an extrusion die attached.to an extruder (i.e., in 

the inside and outside of the extrusion region), where­

in the foaming resin composition having properties 

represented by bent line 3 in Fig. 1 is used and the 

flow pressure of the foaming resin composition in the 

extruder is elevated by increasing the extrusion rate; 

Fig. 3 is a graph of dynamic impact characteristic 
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curves obtained using extruded polyethylene foams in 

accordance with the "Testing Methods of Dynamic Com­

pression for Package Cushioning Materials" prescribed 

in Japanese Industrial Standards (JIS) z 0235, showing 

the relationships between the static stress generated 

on the foam and the peak acceleration sustained by the 

weight in the one-time weight dropping test, with 

respect to resin foams having different thicknesses; 

and 

Fig. 4 is a graph obtained using the extruded 

propylene polymer resin foam of the present invention, 

wherein the relationship between the ethylene content 

and the cushioning performance lowering index K is 

shown together with the relationship between the ethyl­

ene content and the after-compression thickness recov­

ery R. 

In Figs. 1 through 4, the reference numerals and 

characters have the following meanings: 

A : Land region of the extrusion die 

B : Taper region of the extrusion die 

C : Forward end region of the extruder 

D Foam of the present invention, obtained using 

a specific resin 

F' and F" : Comparative foams obtained using 

conventional resins 
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El, E2, Gl and G2 : Cells in the respective foams 

Ql and Q2 : Extrusion rate of the foaming composi-

tion 

P Flow pressure 

e : Angle of the taper portion of the extrusion die 

J : Peak acceleration 

I Static stress 

t20 : Dynamic impact characteristic curve of the 

polyethylene foam having a thickness of 

20 mm 

t30 : Dynamic impact characteristic curve of the 

polyethylene foam having a thickness of 

30 mm 

t40 : Dynamic impact characteristic curve of the 

polyethylene foam having a thickness of 

40 mm 

K Cushioning performance lowering index 

R After-compression thickness recovery 

Et: Ethylene content 

1 : Curve showing the change in flow pressure of 

the foaming composition in the extruder and in 

the extrusion die, wherein the foaming compo­

sition comprises the specific resin to be used 

in the present invention 

2, 3, 3' and 3" : Curves respectively showing the 
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changes in flow pressure of the foaming compo­

sitions in the extruder and in the extrusion 

die, wherein the foaming compositions respec­

tively comprise conventional comparative 

resins 

4 : Vapor pressure of the foaming agent in the 

extrusion region 

5 Line showing the cushioning performance lower­

ing index K of 1.3 

6 Line showing the after-compression thickness 

recovery R of 95 % 

DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, there is 

provided an extruded propylene polymer resin foam 

comprising a plurality of closed cells defined ~y cell 

walls which constitute a matrix of the foam, 

the matrix comprising a propylene polymer resin 

exhibiting at a biaxial extensional strain of 0.2 

a biaxial extensional viscosity of at least 3.0 x 106 

poises and a biaxial strain hardening rate a of at 

least 0.25, the biaxial strain hardening rate a being 

defined by the following formula: 

a = O . 7 7 x ( log ~ 2 - log 111 ) 
wherein~ 1 represents the biaxial exten­

sional viscosity at a biaxial extensional 
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strain of 0. 01, and~ 2 represents the 

biaxial extensional viscosity at a biax­

ial extensional strain of 0.2, 

wherein the foam has a thickness of at least 

20 mm, a density of from 0.005 to 0.03 g/cm3 , an aver­

age cell diameter of from 0.4 to 2.0 mm, and a closed 

cell ratio of at least 80 %, in which the closed cell 

ratio is defined as the percentage of the volume of 

closed cells, based on the total volume of the closed 

cells and open cells in the foam. 

The present invention is explained below in 

detail. 

In order to make it easy to understand the present 

invention, the meanings of and measuring method for 

various parameters and properties used herein for 

characterization of the extruded propylene polymer 

resin foam of the present invention are summarized 

below. In this connection, it should be noted that 

when measurement is done with respect to the foam, a 

test sample foam is prepared by a method in which a 

produced foam is continuously subjected to aging at 

40 °C until the aged foam is stabilized to show no 

volume change ratio of more than 1 % as measured with 

respect to an arbitrarily selected time period of 30 

days. The stabilized foam is used as a test sample 
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foam. 

(1) Biaxial extensional viscosity and Biaxial strain 

hardening rate: 

With respect to the details of the "biaxial exten­

sional viscosity", reference may be made to S.H. Chatr­

aei et al., "Journal of Rheology" edited by The Society 

of Rheology, Inc., and published by John Willey & Sons, 

Inc., U.S.A., 25(4), 433-443 (1981). 

Measurement is done in accordance with the lubri­

cated squeezing flow method, using, for example, liquid 

biaxial viscosity measuring apparatus BE-100, produced 

and sold by Iwamoto Mfg. Co., Ltd., Japan. In the 

measurement, a foam, and a base resin used for the foam 

are used as samples, in which the samples are molded 

with defoaming into a disk having a diameter of 16 ± 

1 mm and a thickness of 6.5 ± 0.5 mm. As a lubricant, 

a silicone oil (KF 968 - 100 CS produced and sold by 

Shinetsu Chemical Industry Co., Ltd., Japan) is used. 

The lubricant is coated on the respective facing sur­

faces of two plates (maintained at 200 ± 1 °C) arranged 

so as to face each other. The sample, the overall 

surface of which is coated with the silicone oil, is 

placed between the two plates. After the plate temper­

ature has been stably maintained at 200 ± 1 °C, the 

biaxial extension properties are measured at a biaxial 
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strain velocity of 0.01 sec-1 . The measurement is done 

within 30 minutes after placing the sample between the 

two plates. Biaxial extensional viscosity ~ 2 at a 

biaxial extensional strain of 0.2 is measured. Fur­

ther, biaxial extensional viscosity~ 1 at a biaxial 

extensional strain of 0.01 is measured. Biaxial strain 

hardening rate a is defined as a rate of the change of 

biaxial extensional viscosity versus the difference in 

time between the two time periods for which the biaxial 

extension strains become 0.01 and 0.2, each at a biax­

ial extension strain velocity of 0.01 sec-1 , respec­

tively, and can be calculated by the following formula: 

a = 0. 77 x (log ~ 2 - log 71.1) 

With respect to the "biaxial strain hardening rate", 

reference may be made to, for example, J.J. Linster et 

al., "Polymer Bulletin", 16, 187-194 (1986), Springer­

Verlag. 

(2) Swell index S: 

The swell index S is obtained by extruding the 

propylene polymer resin in a molten form in a vertical 

direction at a shear rate of 650 sec-1 through a capil­

lary having an inner diameter of 2.095 mm and a length 

of 8.0 mm to thereby obtain a ribbon resin extrudate, 

wherein S is defined .as a ratio of the diameter of the 

extrudate to the inner diameter of the capillary. 
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Measurement of the swell index is done using Capillo­

graph IC (produce~ and sold by Tokyo Seiki K.K., 

Japan). More illustratively stated, use is made of a 

capillary having an inner diameter of 2.095 mm and a 

length of 8.0 mm. A base resin (which has previously 

been molded with defoaming as mentioned above) is 

charged in a barrel (maintained at 230 °C) by 10 to 20 

g at a time and the charged resin is pushed 2 to 3 

times by means of a pushing rod for deaeration at every 

charging of the resin. The above operation is repeated 

until the charged volume of the resin becomes at least 

50 % of the inner volume of the barrel. Thereafter, a 

piston is moved down, so that the resin is extruded at 

a shear rate of 650 sec-1 though the capillary to 

obtain a ribbon resin extrudate. The diameter W (mm) of 

the ribbon resin extrudate at a position of 10 mm below 

the bottom surface of the capillary (where the resin is 

in a recovered, swollen state) is measured, and swell · 

index S is calculated by the following formula: 

S = W/2.095. 

The above measurement is done within 30 minutes 

after start of the charging of the resin. 

(3) Mz and Mz/Mw: 

z average molecular weight Mz and number average 

molecular weight Mw are individually measured by high 
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temperature gel permeation chromatography (GPC). In the 

measurement, GPC measuring apparatus Model !SOC (pro­

duced and sold by Waters Assc. Co., U.S.A.) is used, in 

which 1,2,4-trichlorobenzene is used as a carrier 

solvent, and Shodex AT-80 M/S (produced and sold by 

Showa Denko K.K., Japan) is used as a column. The 

measurement is done under the following conditions: 

solution temperature of 140 °C, solution concentration 

of 0.2 % (w/v), and solvent flow rate of 1 ml/min. 

(4) Melt tension 

Measurement is done substantially in accordance 

with the method disclosed in Japanese H4-363227A, using 

Capillograph IC (produced and sold by Toyo Seiki K.K., 

Japan). In the measurement, use is made of a capillary 

having an inner diameter of 2.095 mm and a length of 

8.0 mm, and the same resin as used in the measurement 

of swell index S is charged in a barrel (maintained at 

230 °C) in the same manner as in the measurement of 

swell index s. After confirming that the resin is 

completely melted, a piston is moved down at a rate of 

10 mm/min to extrude the resin. The resultant ribbon 

resin extrudate is transferred through a tension detec­

tion pulley to a roll, and the ribbon resin extrudate 

is wound round the roll. While increasing the winding 

rate, the tension of the ribbon resin extrudate is 
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continuously measured. When the ribbon resin extrudate 

does not break at a winding rate of 78.5 m/min or less, 

the tension sustained by the ribbon extrudate at the 

winding rate 78.5 m/min is taken as the melt tension of 

the resin. When the ribbon resin extrudate breaks at a 

winding rate of less than 78.5 m/min, the tension 

sustained by the ribbon resin extrudate at the winding 

rate applied to the extrudate just before the breakage 

of the extrudate is taken as the melt tension of the 

resin. 

(5) MFR: 

The MFR (melt flow rate) is measured substantially 

in accordance with JIS K7210, at a temperature of 

230 °C under a load of 2.16 kgf. 

(6) Thickness of foam: 

The thickness of the foam is measured by means of 

slide calipers, using a cross-section of the foam 

(which cross-section is obtained by cutting the foam 

along a line perpendicular to the direction of extru­

sion of the foam) at a central portion of the width 

side of the cross-section. 

(7) Closed cell ratio y: 

The closed cell ratio is defined as the percentage 

of the volume of closed cells, based on the total 

volume of the closed cells and open cells in the foam. 



24 

[Preparation of sample] 

A regular rectangular parallelepiped having a side 

length of 20 mm is taken by cutting from a central 

portion of the foam, wherein the central portion is a 

central portion as determined in a cross-section of the 

foam, and used as a sample. When the thickness of the 

foam is less than 20 mm, a regular rectangular para!-

lelepiped having a side length equal to the thickness 

of the foam is used as a sample. 

When the cross-section of the foam has a void of a 

size such that a sphere having a diameter of 3 mm or 

more can be accommodated in the void, the foam is 

judged as having a void phenomenon (disqualified), and 

measurement of the closed cell ratio is not done. 

(Measuring method] 

The closed cell ratio is measured substantially in 

accordance with the method described in ASTM-02856. 

Using true volume Vx of the foam which is measured by 

means of aero-comparison type aerometer, Model 930 

which is produced and sold by Toshiba•Beckman K.K., 

Japan, the closed cell ratio is calculated by the 

following formula: 

Y= (Vx - Wjo) x 100/(Va - WJi) (%) 

wherein, 

Vx: true volume of the foam = sum of the volume 
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of the resin of the foam and the total inner 

volume of the closed cells in the foam (cm3) 

Va: apparent volume of the foam, which is calcu­

lated from the outer dimension of the foam 

(cm3 } 

W: weight of the foam (g) 

_JJ= density of the resin of the foam (g/cm3} 

The measurement is conducted 5 times with respect 

to different sample foams, and average value of the 

obtained data is calculated. 

(8) Occurrence of corrugation (evaluated in terms of 

average cell diameter): 

Occurrence of corrugation is varied heavily de­

pending on the extrusion method and the like used for 

producing a plank foam and, hence, a quantitative 

evaluation thereof is difficult to conduct. For this 

reason, in the present invention, occurrence of corru-

gation is evaluated in terms of the. average cell diame­

ter (average diameter of all cells including closed 

cells and open cells) which is closely related to the 

occurrence of corrugation. The criterion for evalua­

tion is described below. 

[Preparation of sample] 

The foam is cut along a plane perpendicular to the 

extrusion direction of the foam to obtain a sample 
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having a thickness of 5 mm, in which a cross-section 

defined by the thickness and width of the foam is 

exposed. 

[Average cell diameter~measuring method] (Gridline 

method) 

An enlarged photograph (x 10) of the cross-section 

of the sample is taken. A straight line is drawn on 

the photograph in a direction of the thickness t (mm) 

of the foam. The number (L) of the cells in contact 

with the straight line is counted, and the average cell 

diameter is calculated by the following formula: 

Average cell diameter (mm) = 1.626 x (t/L) 

When the cross-section of the foam has a void of a 

size such that a sphere having a diameter of 3 mm or 

more can be accommodated in the void, the foam is 

judged as having a void phenomenon (disqualified), and 

measurement of the average cell diameter is not done. 

(9). Minimum peak acceleration J 1 at the one-time 

weight dropping test as the first dropping test, and 

Minimum value JAv of the average peak accelerations in 

the 2nd to 5th dropping tests: 

J 1 is defined as a minimum value of peak accelera­

tions respectively sustained by a predetermined number 

of different weights in the one-time weight dropping 

tests in which the predetermined number .. of different 
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weights respectively capable of generating different 

static stresses in the range of .from 0.02 to 

0.4 kgf/cm2 on the foam are used and the respective 

weights are individually dropped once from a height of 

60 cm on the foam to obtain peak accelerations with 

respect to static stresses, wherein minimum value J 1 is 

read from a smooth curve obtained by plotting the peak 

acceleration against the static stress. 

JAV is obtained by repeating 4 times the same 

weight dropping tests as the one-time weight dropping 

test as defined above as the first dropping test, 

obtaining four peak acceleration values in the 2nd to 

5th dropping tests with respect to respective static 

stresses, calculating average peak acceleration values 

with respect to respective static stresses, and reading 

minimum value JAV of the ayerage peak accelerations 

from a smooth curve obtained by plotting the average 

peak acceleration value against the static stress. 

[Preparation of sample] 

A foam (having a thickness defined by the distance 

between opposite surfaces parallel to the extrusion 

direction of the foam) is cut in a thicknesswise direc­

tion thereof to obtain a section, so that both opposite 

surfaces of the section (which surfaces correspond to 

the above-mentioned opposite surfaces of the foam) have 
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an area which generates a static stress mentioned below 

when a weight is dropped on one of both opposite sur­

faces of the section. 

[Measuring method] 

Measurement is done in accordance with the "Test-

ing Methods of Dynamic Compression for Package Cushion­

ing Materials" prescribed in Japanese Industrial Stand­

ards (JIS) Z 0235. Measurements are conducted at 

static stresses in the range of from 0.02 to 0.4 

kgf/cm2 . A predetermined number of different weights 

(each having an accelerometer equipped inside thereof) 

and a predetermined number of sample foams having 

different surfaces are provided, so that with respect 

to the static stress range of from 0.02 to 0.1 kgf/cm2, 

different static stresses (which are different by 0.01 

kgf/cm2 ) can be generated, and so that with respect to 

the static stress range of from more than 0.1 to 0.4 

kgf/cm2, different static stresses (which are different 

by 0.1 kgf/cm2 ) can be generated. The respective 

weights are individually dropped under gravity 5 times 

on a foam from a height of 60 cm at intervals of 30 

seconds, to thereby measure peak accelerations sus­

tained by the respective weights by means of the accel­

erometers. The peak accelerations obtained in the 

first weight dropping test with respect to the respec-
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tive static stress, and the average peak accelerations 

obtained in the 2nd to 5th weight dropping tests with 

respect to the respective static stresses are, sepa­

rately, plotted against the static stresses to obtain 

two smooth curves respectively for the first weight 

dropping test and the 2nd to 5th weight dropping tests. 

From the two respective curves, the minimum peak accel­

eration J 1 in the first weight dropping test and the 

minimum peak acceleration JAV in the 2nd to 5th weight 

dropping tests are obtained. 

10. Cushioning performance lowering index K: 

The cushioning performance lowering index K is 

obtained from the values of J 1 and JAV (obtained in 

item 9 above) by the following formula: 

K = JAv/J1· 

11. After-compression thickness recovery R: 

The after-compression thickness recovery R is 

obtained by applying a pressure to the foam in a 

thicknesswise direction thereof at a rate of 500 mm/min 

to thereby compress the foam by 90 % of the original 

foam thickness, relieving the foam from the pressure 

and allowing the relieved foam to stand for 24 hrs and 

recover the thickness thereof, and measuring the recov­

ered foam thickness, wherein R is defined as the per­

centage of the recovered foam thickness, based on the 
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original foam thickness. 

[Preparation of sample] 

A sample is prepared in substantially the same 

manner as in the preparation of a sample for measuring 

the closed cell ratio. 

[Measuring method] 

The thickness (Ti) of the sample foam is measured. 

A pressure is applied to the sample foam in a 

thicknesswise direction thereof at a rate of 500 mm/min 

to thereby uniformly compress the foam by 90 % of the 

original foam thickness (T1 ), relieving the sample foam 

from the pressure and allowing the relieved foam to 

stand at 20 ± 2 °C and at a relative humidity of 65 % 

for 24 hrs and recover the thickness thereof, and 

measuring the recovered foam thickness (T2). The 

after-compression thickness recovery R is calculated by 

the following formula: 

R (%) = (T2/T1 ) x 100. 

The measurement is conducted with respect to three 

different samples, and an average value of the obtained 

data is calculated. 

12. Compression stress anisotropy Z: 

[Preparation of Sample] 

A sample is prepared in the same manner as used in 

the preparation of the sample for measuring the closed 
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cell ratio. 

[Measuring method] 

Measurement is done in substantially accordance 

with the "Testing Methods of Static Compression for 

Package Cushioning Materials" prescribed in Japanese 

Industrial Standards (JIS) z 0234. A pressure is 

applied to the sample foam at a loading rate of 10 

mm/min to thereby compress the foam by 25 % of the 

original foam thickness. At this point, load v (kgf) 

and area U (cm2 ) of the compressed surface of the foam 

are measured. Stress Y is obtained from the values of 

V and U by the following formula: 

Y = V/U. 

In each of the extrusion direction and the 

thicknesswise direction with respect to the sample 

foam, the sample foam is compressed separately, each of 

the stresses generated in a plane perpendicular to each 

of the directions are measured with respect to five 

samples, and average value of the obtained data is 

calculated. Thus, compression stress YE (average 

value) generated in the extrusion direction and com­

pression stress YT (average value) generated in the 

thicknesswise direction are obtained, and compression 

stress anisotropy z is calculated by the following 

formula: 



32 

Z = YE/YT. 

13. Density of the foam: 

[Preparation of sample] 

A sample is prepared in the same manner as used in 

the preparation of the sample for measuring the closed 

cell ratio. 

[Measuring method] 

Measurement is done in accordance with the method 

prescribed in JIS K6767. 

As described above, one of the most important 

features of the extruded propylene polymer resin foam 

of the present invention resides in the viscoelasticity 

characteristics of the resin constituting the matrix of 

the foam of the present invention (which resin is 

hereinafter frequently referred to as "matrix resin"). 

More specifically stated, the matrix resin of the 

foam (i.e., a resin which is obtained from the foam 

itself) has a feature such that it exhibits specific 

viscoelasticity characteristics, which are represented 

by a biaxial extensional viscosity of at least 3.0 x 

106 poises at a biaxial extensional strain of 0.2, and 

a biaxial strain hardening rate a of at least 0.25, 

wherein the biaxial strain hardening rate is defined 

herein. With respect to the base resin to be supplied 

to an extruder for producing the foam of the present 
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invention, the viscoelasticity characteristics thereof 

corresponding to the above-mentioned viscoelasticity 

characteristics of the matrix resin are represented by 

a biaxial extensional viscosity of at least 4.5 x 106 

poises at a biaxial extensional strain of 0.2, and a 

biaxial strain hardening rate a of at least 0.30, 

wherein the biaxial strain hardening rate is defined 

herein. In other words, the present inventors have 

found that, by combining the use of the above-mentioned 

specific propylene polymer resin (base resin) with the 

below-mentioned modified extrusion foaming method 

devised for achieving an increase in the flow pressure 

of the foaming resin composition in the extruder and 

suppressing the occurrence of foaming in the extrusion 

die, the extrusion foaming mechanism of the resin can 

be successfully improved. As a result, it has been 

realized to provide a propylene polymer resin foam of 

the present invention which exhibits the following 

excellent properties, a density of from 0.005 to 

0.03 g/cm3 , an average cell diameter of from 0.4 to 

2.0 mm and a closed cell ratio of at least 80 %, even 

at a foam thickness as large as at least 20 mm. 

Hereinbelow, explanation is made with respect to 

the difference in extrusion foaming mechanism between 

the propylene polymer resin having the above-mentioned 
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specific viscoelasticity characteristics, which resin 

is a base resin to be used for producing the foam of 

the present invention, and the propylene polymer resins 

which have been used as base resins in the conventional 

techniques for producing resin foams. From the expla­

nation, it will be understood that not only is the 

production of extruded propylene polymer resin foams 

very difficult, but also such excellent extruded pro­

pylene polymer resin foams as provided by the present 

invention cannot be produced by the above-mentioned 

conventional techniques. 

The most important feature of the method for 

producing the extruded propylene polymer resin foam of 

the present invention resides in suppressing the occur­

rence of foaming in an extrusion die (such foaming is 

hereinafter frequently referred to as "intradie foam­

ing"). Fig. 1 is an explanately diagram showing the 

growth of cells and formation of a foam in the vicinity 

of an extrusion die of an extruder (i.e. in the inside 

and the outside of the extrusion region). In the graph 

of Fig. 1, the ordinate indicates the flow pressure (P) 

of a foaming composition (mixture of a molten resin, a 

foaming agent and additives, and hereinafter frequently 

referred to simply as "foaming composition") in the 

extrusion region. In Fig. 1, characters A, B and C 
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respectively designate a land region of the extrusion 

die, a taper region of the extrusion die and a forward 

end region of the extruder; and bent lines shown ther­

ebelow respectively show the changes in flow pressure 

of foaming compositions in regions (A), (B) and (C) at 

an extrusion rate of Ql, wherein the foaming composi­

tions are capable of providing highly expanded foam 

having a density as small as not larger than 0.03 

g/cm3 . In the graph of Fig. 1, line 4 (dot-and-dash 

line) traversing the bent lines indicates the vapor 

pressure of the foaming agent contained in the foaming 

composition at the temperature of the extrusion region. 

Character D in Fig. 1 designates a foam which is being 

produced from the foaming composition comprising base 

resin 3 which is a specific resin to be used for pro­

ducing the foam of the present-invention, and diagram­

matically illustrates the process of growth of cells. 

Characters El and E2 designate the cells generated in . 

the foaming composition and the cells grown toward the 

formation of a foam, respectively. In Fig. 1, bent 

line 1 shows the change in flow pressure of the foaming 

composition which is used for producing the foam of the 

present invention [which base resin is identified as 

resin 3 (see Examples given below) (MFR: 1.9; a biaxial 

extensional viscosity of 6.7 x 106 poises at a· biaxial 
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extensional strain of 0.2, and a biaxial strain harden­

ing rate a of 0.48, wherein the biaxial strain harden­

ing rate is defined herein)]. Bent lines 2 and 3 

respectively show the changes in flow pressure of the 

foaming compositions comprising comparative resins 

(commercially available resin products) which have been 

used for producing conventional foams. The comparative 

base resin having the flow pressure properties repre­

sented by bent line 2 is identified as resin 12 (see 

Comparative Examples given below) [a commercially 

available resin (MFR: 0.5; a biaxial extensional vis­

cosity of 4.2 x 106 poises at a biaxial extensional 

strain of 0.2, and a biaxial strain hardening rate a of 

0.22, wherein the biaxial strain hardening rate is 

defined herein)]. The comparative base resin having 

the flow pressure properties represented by bent line 3 

is identified as resin 14 [a commercially available 

resin {MFR: 3.0; a biaxial extensional viscosity of 2.·5 

x 106 poises at a biaxial extensional strain of 0.2, 

and a biaxial strain hardening rate a of 0.44, wherein 

the biaxial strain hardening rate is defined herein)]. 

From Fig. 1, it is apparent that the specific base 

resin to be used for producing the foam of the present 

invention exhibits high flow pressure properties 

(represented by bent line 1) in the entire extrusion 
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region as compared to the compositions comprising the 

commercially available comparative resins used for 

producing the conventional foams (flow pressure proper­

ties of the comparative resin are represented by bent 

lines 2 and 3, respectively). From Fig. 1, it is also 

apparent that the foaming composition of the specific 

resin to be used for producing the foam of the present 

invention exhibits high flow pressure beyond the vapor 

pressure of the foaming agent, which is indicated by 

line 4, at least in the region upstream of the land 

region (A) of the extrusion die. In general, the 

crossover points of line 4 (indicating the vapor pres­

sure of the foaming agent) and the bent lines (showing 

the changes in flow pressure of foaming compositions) 

are the starting points of cell nucleation. According­

ly, in the case of the foaming composition comprising 

·the specific resin to be used for producing the foam of 

the present invention (flow pressure properties of the. 

specific resin are represented by bent line 1), the 

occurrence of foaming is completely suppressed on a 

side upstream of the region (A), so that cells El begin 

to be generated only when the foaming composition 

reaches the region (A), and the generated cells are 

gradually grown to large cells E2 while being extruded 

out of the die. From the above, it will be understood 
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that the specific resin to be used for producing the 

foam of the present invention exhibits sufficient flow 

viscosity properties to suppress the occurrence of 

intradie foaming. 

In contrast, as is apparent from Fig. 1, the 

comparative base resins used for producing the conven­

tional foams (flow pressure properties of the compara­

tive base resins are represented by bent lines 2 and 3) 

do not exhibit sufficient flow viscosity properties to 

suppress the occurrence of intradie foaming. When such 

a comparative base resin is used for producing a foam, 

foaming occurs in the region (B) [the process of cell 

generation in region (B) is not shown in Fig. l], so 

that the lineal velocity of the composition (being 

foamed) in the extrusion ~irection is increased in the 

region (B) and in a region downstream thereof, whereas 

the pressure in the foaming composition is markedly 

lowered. As a result, a number of microcells are 

instantaneously generated and, at the same time, the 

foam (being produced) is rapidly cooled by the latent 

heat of the foaming agent, so that the foam is neces­

sarily extruded out of the die in such a state that the 

hardening of the outer surf ace of the foam has ad­

vanced. Therefore, the produced foam has a thickness 

as small as only a thickness close to the size of the 
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die opening. Furthermore, a scale-like concave-convex 

portions occur in the surf ace of the produced foam by 

the influence of the friction which is produced in the 

land region of the extrusion die. On the other hand, 

the cells present in the non-cooled portions of the 

extruded product at an internal central portion thereof 

still continue to grow. As a result, in various por­

tions of the foam, an internal stress is locally gener­

ated, which is followed by the occurrence of relief of 

the stress, so that the relief of the stress is likely 

to cause corrugation of the resultant foam thereover. 

For these reasons, from the comparative base resins 

used for producing the conventional foams (flow pres­

sure properties of the comparative resins are repre­

sented by bent lines 2 and 3), good quality foams 

cannot be obtained. 

The above-mentioned difference in flow viscosity 

properties between the comparative resins and the 

specific resins to be used for producing the foams of 

the present invention cannot be discussed, based merely 

on the difference in, for example, MFR property or melt 

tension property between the resins. The present 

inventors have had an idea such that since the increase 

in flow pressure of a foaming resin composition extrud­

ed in the extrusion region should depend on the exten-
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sional flow of the foaming composition flowing through 

the taper region (B) of the extrusion die, the exten­

sional viscosity of the resin of the foaming composi­

tion should be taken into consideration. From these 

viewpoints, the present inventors have made intensive 

studies on the flow viscosity characteristics of re­

sins, based on the biaxial extensional viscosity param­

eter. As a result, the essential points of the 

above-mentioned difference have been made clear for the 

first time. 

Illustratively stated, it has been found that, 

when the base resin used for producing a foam has a 

biaxial extensional viscosity of at least 4.5 x 106 

poises at a biaxial extensional strain of 0.2 (with 

respect to the matrix resin of the form, the biaxial 

extensional viscosity thereof is at least 3 x 106 

poises at a biaxial extensional strain of 0.2), the 

occurrence of a so-called intradie foaming of the 

foaming composition can be effectively suppressed. In 

other words, when the propylene polymer resin to be 

used for producing the foam of the present invention is 

used, the occurrence of the intradie foaming can be 

effectively suppressed to provide a good quality, thick 

foam even when a conventional· extrusion foaming appara­

tus suitable for a po~yethylene resin is used. Accord-
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ing to the investigation by the present inventors, a 

propylene polymer resin having a biaxial extensional 

viscosity as large as 15 x 106 poises at a biaxial 

extensional strain of 0.2 can be successfully produced. 

When it is required to easily produce, by means of 

extruders having various functions, foams having var­

ious morphologies (in cross-section taken along a line 

vertical to the extrusion direction) and having large 

cross-sectional areas, it is desirable to use a resin 

having a biaxial extensional viscosity of from 6.0 x 

106 to 15.0 x 106 poises at a biaxial extensional 

strain of 0.2. 

Next, the "retentivity of the cellular structure 

enriched with relatively large closed cells" as another 

important feature of the extruded foam of the present 

invention will be explained below, referring to Fig. 2 

illustrating the behavior in the extrusion foaming of 

the foaming composition comprising the comparative base 

resin. 

Fig. 2 is an explanatory diagram showing the 

growth of cells and formation of a foam in the vicinity 

of an extrusion die attached to an extruder (i.e., in 

the inside and outside of the extrusion region), where­

in the resin having the flow pressure properties repre­

sented by bent line 3 in Fig. 1 is used and the flow 
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pressure of the foaming composition comprising the 

resin in the extruder is elevated by increasing the 

extrusion rate. That is, a foaming composition com­

prising the comparative base resin having flow pressure 

properties represented by bent line 3 in Fig. 1 is 

used, and the extrusion rate of the foaming composition 

is elevated to Q2 to thereby increase the shear rate to 

be experienced by the foaming composition. In Fig. 2, 

the flow pressure of the foaming composition in the 

extrusion region is shown by line 3'(3"), and the 

growth of cells and the formation of a foam in the 

inside and outside of the extrusion region are diagram­

matically shown. In Fig. 2, line 3' represents the 

flow pressure properties exerted by the same foaming 

composition as the foaming composition corresponding to 

line 3 in Fig. 1, and the generation of cells and the 

process of growth of a foam in the outside of the 

extrusion region are shown by broken line F' . Line 3 ". 

represents the flow pressure properties of the foaming 

composition having a component composition modified so 

as to improve the retentivity of the cellular structure 

of the foam produced from the resin corresponding to 

bent line 3', and the growth of cells and formation of 

a foam in the outside of the extrusion region are 

indicated by solid line F" with respect to the case of 
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line 3". 

From ~ig. 2, it can be understood that the flow 

pressure of a foaming composition can be controlled by 

changing the shear rate experienced by the composition 

in the inside of the extrusion region (which shear rate 

is varied depending on the extrusion rate of the foam­

ing resin composition, relative to the die opening 

size) and, accordingly, it is possible to suppress 

the intradie foaming by appropriately selecting an 

extrusion apparatus to be used. The possibility of 

controlling the shear rate appears to be unlimited, if 

the economy of the apparatus is neglected. Therefore, 

in the case of poth of the foaming compositions respec­

tively having the flow pressure properties represented 

by bent lines 3' and 3" in Fig. 2, as in the case of 

the foaming composition having the flow pressure 

properties represented by bent line 1 in Fig. 1, the 

foaming of each foaming composition is completely 

suppressed in a region upstream of the region (A), so 

that cells Gl begin to be generated only when each 

foaming composition individually reaches the region (A) 

and the generated cells Gl are extruded out of the die 

and grow to become cells G2. However, in the case of 

the foaming composition having the flow pressure 

properties represented by bent line 3' in Fig. 2, 
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because the extrusion rate of the foaming composition 

is elevated to Q2, the linear velocity of the produced 

foam in an extrusion direction is increased, so that 

the starting point of expansion of the foaming composi­

tion is shifted in the extrusion direction and the 

pressure of the foaming composition is rapidly lowered. 

As a result, a number of microcells are instantaneously 

generated and, at the same time, the outer surface of 

the resultant foam is rapidly cooled by the latent heat 

of the foaming agent which heat is generated at the 

foaming, to thereby harden the produced foam rapidly. 

Therefore, the foam thus formed becomes thinner than 

the foam D shown in Fig. 1. Furthermore, in this case, 

another serious problem occurs. That is, in the proc­

ess in which the produced foam is cooled and hardened, 

the cell walls which define the closed cells in the 

foam are markedly broken to cause a communication 

between the cells, leading to a rapid lowering of the · 

closed cell ratio. When production of a foam having a 

more increased thickness is intended, the above cell 

communication phenomenon caused by the breakage of the 

cell walls is likely to be more promoted to an extent 

such that a honeycomb-like void structure is produced 

in the foam {this phenomenon is hereinafter frequently 

referred to as "void J;?henomenon") .. Therefore, when 
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production of a foam having a thickness of at least 

20 mm is intended, a high closed cell ratio cannot be 

achieved, which is a serious problem. 

As a measure for solving this problem, it is 

conceivable to increase the amount of a cell nucleating 

agent (to be added to a foaming composition) to the 

same level as used in the foaming composition having 

the flow pressure properties represented by line 3", so 

as to increase the closed cell ratio of the resultant 

foam. However, when this method is used, cells Gl 

begin to be generated only when the foaming composition 

reaches the region (A), and the cells Glare extruded 

out of the die and grow to become cells G2 as in the 

case of the foaming composition having the flow pres­

sure properties represented by line 3'. However, in 

this method, a number of microcells Gl are instantane­

ously generated in the region (A). The vast plurality 

of microcells thus generated are cooled rapidly by the· 

latent heat of the foaming agent (which heat is gener­

ated at the foaming) and, as a result, the outer sur­

face of the extruded product is inevitably caused to be 

rapidly hardened. Thus, the outer size of the foam is 

caused to be fixed before the growth of cells is com­

pleted and, therefore, each of the cells becomes flat 

and the thickness of the resultant foam is not in-
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creased any more. On the other hand, the cells present 

in the non-cooled portions of the inner central portion 

of the extruded product continue to grow. As a result, 

the internal stress is locally generated in the result­

ant foam, which is followed by the occurrence of relief 

of the stress. When the stress is relieved, corruga­

tion occurs over the entire foam, so that a wavy, plank 

foam comprising small cells is necessarily formed as 

shown by F" in Fig. 2. 

In other words, in the production of highly ex­

panded foams, the use of the commercially available 

base resins which have ·been used for producing conven­

tional foams is inevitably accompanied by the undesira­

ble phenomena, such as "cell communication phenomenon" 

caused by the cell breakage and "corrugation phenome­

non" such that a vast plurality of microcells are 

generated, so that the resultant foams cannot grow and 

have a satisfactory thickness, leading to a corrugation 

of the foam. Consequently, with the conventional base 

resins, it is impossible to realize the formation 

process of a foam which is illustrated in Fig. 1 [in 

which the specific base resin having flow pressure 

properties represented by bent line 1 is used (present 

invention)]. By contrast, in the present invention, an 

appropriate number of microcells El generated in the 
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region A are smoothly extruded out of the extrusion 

region, and caused to grow and become large cells E2, 

so that expansion of the cells occurs as shown by an 

expansion locus represented by character D, and the 

cells are cooled and fixed as an assembly of substan-

tially spherical cells enriched with closed cells to 

form a good quality, thick foam. 

The difference in the above point between the 

specific base resin used for producing the foam of the 

present invention and the base resins used for produc-

ing the conventional foams is in that the former has 

the "capability of forming cells enriched with closed 

cells having a relatively large diameter and retentivi-

ty of the cells", whereas the latter does not have such 

properties. In other words, the base resin used for 

producing the foam of the present invention satisfies 

not only a requirement such that it should exhibit a 

biaxial extensional viscosity of at least 4.5 x 106 

poises (with respect to the matrix resin of the foam, 

the biaxial extensional viscosity is at least 3 x 106 

poises) at a biaxial extensional strain of 0.2, but 

also a requiremen~. such that it should exhibit a biax-

ial strain hardening rate a of at least 0.30 (with 

respect to the matrix resin of the foam, the biaxial 

strain hardening rate-is at least 0.25), wherein the 
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biaxial strain hardening rate is defined herein, where­

as any of the propylene polymer resins used in the 

conventional foams does not satisfy such requirements. 

As mentioned above, the present inventors have 

presumed that the disadvantageous phenomena "breakage 

of cell walls of the foam and cell communication" 

occurring in the conventional foams during the course 

of cooling and hardening thereof are caused by the 

following two defects inherent in the resin used for 

forming the walls (membranes) of closed cells, namely, 

"high breakability of the cell walls in the course of 

cooling and hardening of the closed cells" and "diffi­

culty in formation of cell membranes having an uniform 

thickness in the course of growing of the closed 

cells". Based on this presumption, they have consid­

ered that in view of the fact that the walls of closed 

cells are constituted by faces, at least the biaxial 

properties of the resin, i.e., "biaxial extensional 

viscosity" and "biaxial strain hardening rate a" of the 

resin, should be important, and have carried out inten­

sive studies for developing a resin having the capabil­

ity of forming cells enriched with closed cells having 

a relatively large diameter and the retentivity of the 

cells. As a result, they have succeeded in developing 

a base resin suitable for producing an extruded propyl-



49 

ene polymer resin foam, and completed the present 

invention. 

In the present invention, the above-mentioned 

properties for specifying the resin constituting the 

matrix (i.e., the matrix resin) of the foam are derived 

from the properties of the base resin used for produc­

ing the foam. 

In the base resin to be used for producing the 

foam of the present invention, the requirement that the 

biaxial extensional viscosity of the base resin should 

be at least 4.5 x 106 poises at a biaxial extensional 

strain of 0.2 (with respect to the matrix resin of the 

foam, the biaxial extensional viscosity is at least 3.0 

x 106 poises at a biaxial extensional strain of 0.2), 

contributes to the suppression of a flowing of the cell 

membrane of the resin which is still in a f lowable 

state. By such suppression of the flow, the cell 

membranes are rendered so tough as to be sufficient to. 

withstand the surface tension thereof, so that the cell 

membranes are not broken in the course of cooling and 

hardening thereof. On the other hand, the requirement 

that the biaxial strain hardening rate a of the base 

resin should be at least 0.30 (with respect to the 

matrix resin of the foam, the biaxial strain hardening 

rate is at least 0.25), contributes to a uniform flow-
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ing of the cell membrane resin which is still in a 

f lowable state, so that cell membranes having a uniform 

thickness can be formed. This requirement further 

exerts advantageous effects also when unfavorable cell 

membranes having uneven thickness have been formed 

during the extension of the resin. That is, even when 

such unfavorable cell membranes have been formed, a 

high extensional viscosity is exerted in the thin 

portions of the cell membranes due to the strain hard­

ening, so that not only are the cell membranes prevent­

ed from becoming further thin, but also the extension 

of the cell membranes at thick portions thereof having 

low extensional viscosity is advanced to thereby sup­

press thinning of the cell membranes on the whole. 

Thus, the local breakage of the cell membranes, which 

is likely to occur at the thin portions of the cell 

membrane, can be prevented in the course of the cooling 

and hardening of the cells. From the these viewpoints,· 

for production of excellent foams having a high closed 

cell ratio, it is more preferred to use a base resin 

having a biaxial extensional viscosity of at least 5.0 

x 106 poises (at least 3.3 x 106 poises for a matrix 

resin of the foam), and a biaxial strain strain harden­

ing rate a of at least 0.35 (at least 0.30 for a matrix 

resin of the foam). It is most preferred to use a base 



51 

resin having a biaxial extensional viscosity of at 

least 6.0 x 106 poises (at least 4.0 x 106 poises for a 

matrix resin of the foam) at a biaxial strain hardening 

rate a of 0.2, and a biaxial strain hardening rate a of 

from 0.40 to 0.60 (from 0.35 to 0.55 for a matrix resin 

of the foam). The present inventors have succeeded in 

producing a base resin exhibiting a biaxial strain 

hardening rate a as large as 0.70 (0.6 for a matrix 

resin of the foam). 

The foam of the present invention can be produced 

by subjecting a foaming resin composition comprising 

the above-mentioned specific propylene polymer resin 

and a foaming agent to extrusion foaming. For produc­

ing the foam of the present invention, there can be 

employed a method called "extrusion foaming" in which a 

propylene polymer resin is melted with a foaming agent 

in an extruder at high temperature under high pressure 

to produce a foaming resin composition, and the pro­

duced foaming resin composition is cooled. The cooled 

resin composition is then extruded from the outlet of 

an extrusion die under low pressure (which extrusion 

die is provided at the forward end of the cylinder of 

the extruder), thereby obtaining an extruded propylene 

polymer resin foam. 

Examples of foami?g agents include an inorganic 
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foaming agent, a volatilization type foaming agent and 

a decomposition type foaming agent. Specific examples 

of inorganic foaming agents include carbon dioxide, air 

and nitrogen gas. Specific examples of volatilization 

type foaming agents include aliphatic hydrocarbons, 

such as propane, n-butane, i-butane, pentane and hex­

ane; alicyclic hydrocarbons, such as cyclobutane and 

cyclopentane; halogenated hydrocarbons, such as tri­

chlorofluoromethane, dichlorodifluoromethane, tetra­

fluoroethane, difluoroethane, dichlorotetrafluoroeth­

ane, methyl chloride, ethyl chloride and methylene 

chloride. Specific examples of decomposition type 

foaming agents include azodicarbonamide, dinitrosopen­

tamethylenetetramine, azobisisobutyronitrile and sodium 

bicarbonate. The above-mentioned foaming agents may be 

used individually or in combination. The foaming·agent 

is used in an amount which has conventionally been used 

for production of resin foams. 

With respect to the apparatus and conditions for 

the production of the foam of the present invention, it 

is desirable that the following three measures be taken 

for increasing the flow pressure of the foaming resin 

composition in the extruder and in the extrusion die, 

and for suppressing the occurrence of the so-called 

intradie foaming. The first measure is to use a heat 



53 

stabilizer to be added to a base resin in an amount 

which is about 10 % larger than the standard amount 

generally employed, thereby inhibiting the ultrahigh 

molecular moiety (which moiety is the most important 

feature of the base resin to be used in production of 

the foam of the present invention) from lowering in 

molecular weight, which lowering is caused by cutting 

of the molecular chain thereof in the extruder as 

mentioned below. The second measure is to control the 

internal temperature of the extruder so that the tem­

perature of the resin retained in the extruder does not 

exceed 195 °C. The third measure is to select an 

appropriate extruder screw so that the stress generated 

in the molecular chain of the resin becomes relatively 

small. Further, it is preferred to adjust the taper 

angle (0) of the die which is attached to a forward end 

of the cylinder of the extruder (see Fig. 1) to about 

40° to about 50°. The above-mentioned conditions are 

varied, depending on the type of the apparatus to be 

used. Therefore, it is preferred that those conditions 

be confirmed in advance by preliminary experiments. 

In the production of the foam of the present 

invention, for increasing the thickness of the foam 

without increasing the extrusion rate of the resin, it 

is pref erred that a base resin having a swell index S 
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of 2 or more be used (in this case, the swell index S 

of the matrix resin of a foam to be produced becomes 

1.8 or more), in addition to the use of a propylene 

polymer resin (as the base resin) exhibiting a biaxial 

extensional viscosity and biaxial strain hardening rate 

at specific ranges as mentioned above. Particularly, 

for obtaining a foam having a density of about 0.020 

g/cm3 and a thickness of at least 30 mm, it is espe­

cially pref erred to use a base resin having a swell 

index S of 3.0 to 5.0 (in this case, the swell index S 

of the matrix resin of a foam to be produced becomes 

2.0 to 3.5). 

The extruded propylene polymer resin foam of the 

present invention has the specific foaming characteris­

tics, i.e., a thickness of at least 20 mm, a density of 

from 0.005 to 0.03 g/cm3, an average call diameter of 

from 0.4 to 2.0 mm, and a closed cell ratio of at least 

80 %. 

The foam of the present invention exhibits 80 G or 

less in terms of minimum peak acceleration in the 

first weight dropping test according to {JIS) z 0235 as 

mentioned above. Such a foam can be advantageously 

used as a cushion packaging material for household 

electric apparatus and the like. Further, according to 

the experiments conducted by the present inventors, the 
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following has been confirmed. Even if the foam has a 

thickness of at least 20 mm, when the density thereof 

is less than 0.005 g/cm3 or is more than 0.03 g/cm3, 

the cushioning performance lowering index K disadvanta­

geously exceeds 1.5, which· is defined by the formula K 

= JAv/J1 , wherein J 1 is a minimum peak acceleration in 

the first weight dropping test as mentioned above, and 

JAv is a minimum peak acceleration in the 2nd to 5th 

weight dropping tests as mentioned above. Therefore, 

such a foam cannot be used as a cushion packaging 

material without a danger of causing mechanical trou­

bles and damages of a packaged article. Also, when the 

foam has a closed cell ratio of less than 80 %, the 

cushioning performance lowering index K also disadvan­

tageously exceeds 1.5, so that the foam is of no prac­

tical use as a cushion packaging material. Further, 

when the average cell diameter of the foam is less than 

0.4 mm, not only does the corrugation occur, but also · 

the compression stress anisotrophy Z (which is defined 

as a ratio of the compression stress generated in an 

extrusion direction in the production of a foam by 

extrusion to the compression stress generated in a 

thicknesswise direction) exceeds 1.5, so that the 

produced foam is caused to have a cushioning perform­

ance varied depending on the direction. Therefore, in 



56 

actual use of the foam, it is necessary to carefully 

choose a direction in which the foam structure is used, 

which is cumbersome, so that the commercial value of 

such a direction-dependent foam as a cushion packaging 

material becomes very low. On the other hand, when the 

average cell diameter of the foam is more than 2.0 mm, 

such a foam has disadvantages in that not only is the 

surface appearance poor, but also the touch of the foam 

is unpleasant due to the large thickness of the cell 

wall, so that the commercial value of the foam becomes 

low also. 

Further, as a cushion packaging material for a 

breakable article (which is extremely easy to break and 

hence requires a cushion packaging material therefor to 

exhibit 65 G or less in terms of minimum peak accelera­

tion J 1 in the first weight dropping test as mentioned 

above), it is preferred to use a resin foam having a 

thickness of at least 30 mm in addition to the above-

mentioned physical properties. 

Further, for maintaining a cushioning performance 

(represented by a minimum peak acceleration J 1 in the 

- first weight dropping test and a cushioning performance 

lowering index K) at a desired level, it is preferred 

that the density of the foam be 0.015 to 0.025 g/cm3 

and the closed cell ratio of the foam be at least 90 %. 



57 

In Fig. 4, a graph obtained using the extruded 

propylene polymer resin foam of the present invention 

is shown, wherein the relationship between the ethylene 

content and the cushioning performance lowering index K 

is shown together with the relationship between the 

ethylene content and the after-compression thickness 

recovery R. 

In the graph of Fig. 4, the left-hand ordinate 

indicates the cushioning performance lowering index K 

in the range of from 1.0 to 1.5, which is graduated at 

0.1 intervals; the right-hand ordinate indicates the 

after-compression thickness recovery R in the range of 

from 90 to 100 %, which is graduated at 1 % intervals; 

and the abscissa indicates the ethylene content having 

a logarithmic scale in the range of from 0.01 to 10 % 

by weight. Also in the graph of Fig. 4, the open· 

circles represent values of the cushioning performance 

lowering index K, and the closed circles represent 

values of the after-compression thickness recovery R. 

Line 5 (dot-and-dash line) represents the level of 1.3 

with respect to the cushioning performance lowering 

index K, and line 6 (broken line) represents the level 

of 95 % as an acceptable level with respect to the 

after-compression thickness recovery R. As mentioned 

above, the after-compression thickness recovery R is 
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obtained by applying a pressure to the foam in a 

thicknesswise direction thereof to thereby compress the 

foam by 90 % of the original foam thickness, relieving 

the foam from the pressure and allowing the relieved 

foam to stand for 24 hrs and recover the thickness 

thereof, and measuring the recovered foam thickness, 

wherein R is defined as the percentage of the recovered 

foam thickness, based on the original foam thickness. 

When the after-compression thickness recovery R is less 

than 95 %, a thickness recovery of the foam after 

fabrication by compression cutting using a blade (which 

is one of the processing methods of foams) becomes 

unsatisfactory, so that the foam cannot be fabricated 

by compression cutting. 

As is apparent from Fig. 4, for exhibiting an 

extremely excellent cushioning performance as low as 

1.3 or less in terms of cushioning performance lowering 

index K, and exhibiting an excellent compression thick-· 

ness recovery after a specific fabrication with com­

pression, such as a fabrication by compression cutting, 

it is extremely effective for the matrix resin of the 

foam to contain ethylene. The effects of the ethylene 

component begin to be exhibited at the ethylene content 

of from 0.01 % by weight, and remarkably increase at 

the ethylene content of 0.05 to 4 % by weight, and the 
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increase of the effects becomes gradual at the ethylene 

content of about 8 % by weight. This fact shows that 

use of a resin containing ethylene is advantageous in 

the field of manufacturing cushion packaging materials 

in which a cushioning performance must be maintained at 

a high level even when a package repeatedly sustains 

impact, and in the field of processing cushion packag­

ing materials by a specific fabrication with compres­

sion, such as a fabrication by compression cutting 

using a blade. 

In the present invention, the Z average molecular 

weight (Mz) and weight average molecular weight (Mw) of 

the resin are each measured by gel permeation chroma­

tography (GPC). It is desirable that the base resin to 

be used for producing the foam of the present invention 

be a propylene polymer resin having an Mz of at least 8 

x 106 , preferably 8 x 106 to 40 x 10 6 (in the case of 

the matrix resin, it is preferred that the propylene 

polymer resin have an Mz of at least 2 x 106 , prefera­

bly 2 x 106 to 20 x 106 ), and an Mz/Mw value of at 

least 10, preferably 10 to 50 {in the case of the 

matrix resin, it is preferred that the propylene poly­

mer resin have an Mz/Mw value of at least 5, preferably 

5 to 25). An Mz is used as a criterion for evaluating 

how a high molecular moiety contributes to the average 
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molecular weight o.f the resin. On the other hand, an 

Mw is used as a criterion for evaluating how a low 

molecular moiety contributes to the average molecular 

weight of the resin. Since the propylene polymer 

resins which have conventionally been used for produc­

ing a foam do not contain a moiety of ultrahigh molecu­

lar weight as high as at least 1.0 x 107 in a large 

amount, it is presumed that any of the conventional 

propylene polymer resins does not have an Mz of at 

least 8 x 10 6 . The presence of the above-mentioned 

ultrahigh molecular weight moiety in the resin has the 

following three advantages, which conventional propyl­

ene polymer resins do not have. The first advantage 

resides i~ that a high biaxial strain hardening rate 

can be achieved in a foam to be produced because the 

molecular chains of such an ultrahigh molecular moiety 

are easily entangled with each other. The second 

advantage resides in that a high biaxial extension 

viscosity can be achieved in a foam to be produced. 

The third advantage resides in that a high swell index 

S can be achieved in a foam to be produced because the 

elasticity of the resin in a molten form becomes high. 

The Mz/Mw value represents the breadth of a molec­

ular weight distribution. In the conventional produc­

tion of a resin foam, the use of a base resin having an 
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Mz/Mw value as high as at least 10 has not yet been 

known. 

A high Mz/Mw value means that the base resin 

contains a low molecular moiety in a large amount as 

well as the ultrahigh molecular moiety, as mentioned 

above. Due to the copresence of the low molecular 

moiety, the shear viscosity of the foaming resin compo­

sition to be used in the production of the foam of the 

present invention does not become so high despite the 

high content of the ultrahigh molecular moiety in the 

resin. Therefore, the use of a base resin having an 

Mz/Mw value as high as at least 10 is advantageous in 

that a load sustained by the screw of the extruder for 

use in the production of a foam can be suppressed to a 

low level. 

However, in general, the accurate quantitative 

determination of an ultrahigh molecular weight moiety 

in a resin is difficult, and it is rather easy, accu­

rate and recommendable to evaluate the content of the 

ultrahigh molecular moiety in a resin in terms of the 

viscoelasticity characteristics of the resin, i.e., a 

biaxial extensional viscosity and a biaxial strain 

hardening rate. For the above reasons, in the present 

invention, the characteristics of the resin are ex­

pressed in terms of the above-mentioned viscoelasticity 
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characteristics. 

With respect to the base resin to be used in the 

present invention, it is desired that the resin be a 

propylene polymer resin having a linear configuration. 

The reason for this is explained below. When a propyl­

ene polymer resin having a linear configuration is 

melt-kneaded in an extruder, a lowering of the biaxial 

extensional viscosity and a lowering of the biaxial 

strain hardening rate are small, as compared to the 

resin proposed in the above-mentioned wo 91/13933, 

i.e., "a specific propylene polymer resin comprising a 

major moiety of a linear propylene polymer and a minor 

moiety of side chains highly branched from the linear 

propylene polymer". Therefore, as the base resin to be 

used for producing a foam in which the properties of 

the resin after a melt kneading is important, a resin 

having a linear configuration is a quite suitable 

resin, which can be processed into a foam substantial~y 

without impairing the preselected critical properties 

of the resin. Further, it is noted that in the method 

disclosed in WO 91/13933 for producing the above-men­

tioned "specific propylene polymer resin comprising a 

major moiety of a linear propylene polymer and a minor 

moiety of side chains highly branched from the linear 

propylene polymer", the side chains highly branched 
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from the linear propylene polymer are formed using 

electron beams or radiation. Therefore, it is believed 

that during the linking of side chains to the main 

chain (i.e., branching), a cleavage of the main chain 

is likely to occur, so that the viscosity of the resin 

as a whole cannot be raised and, therefore, it is 

impossible for the resin to have an ultrahigh molecular 

weight which contributes to the high biaxial extension­

al viscosity of the resin to be used for producing the 

foam of the present invention. Generally, as described 

in Unexamined Japanese Patent Application Laid-Open 

Specification No. 6-192460, the determination as to 

whether a resin has a linear configuration or a 

branched configuration can be conducted using a molecu­

lar weight distribution curve which is prepared, based 

on data obtained by a GPC method. In the above deter­

mination, when a rise like a camel's hump is present in 

the molecular weight distribution curve at a high 

molecular weight region thereof, the resin is judged as 

having a branched structure, whereas when no such rise 

is present, the resin is judged as having a linear 

configuration. 

The preparation of a propylene polymer resin to be 

used-as the base resin for producing the foam of the 

present invention can be conducted by, for example, a 
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two-stage polymerization method in which the polymeri-

zation reaction is conducted in the presence of Zie-

gler-Natta catalyst in a polymerization vessel having a 

fixed bed provided with a stirrer (see, for example, 

Unexamined Japanese Patent Application Laid-Open Speci­

fication No. 4-226109 corresponding to EP 0 463 406 A2) . 

Specifically, the above-mentioned two-stage poly-

merization can be conducted using Ziegler-Natta cata-

lyst which can be obtained by mixing and pulverizing, 

by means of a vibrating ball mill at a pulverizing 

acceleration of 45 to 55 m•sec-2 , a titanium- and 

aluminum-containing compound represented by formula 

( 1 ) : 

TiCl3 • nAlCl3 (1) 

wherein n is from 0.1 to 0.4; and 

an ester represented by formula (2): 

1 2 R -0-CO-R ( 2 ) 

wherein R1 represents an alkyl group having 1 to 8 

carbon atoms, R2 represents a phenylalkyl group having 

7 to 14 carbon atoms or a phenyl group having 7 to 14 

carbon atoms, wherein the total number of carbon atoms 

is 18 or less. [specific examples of esters represent-

ed by formula (2) include n-ethyl valerate and ethyl 

phenylbutylate.] 

As a molecular weight controlling agent, hydrogen can 
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be used. The first stage polymerization is conducted 

under conditions such that the polymerization pressure 

is from 30 to 40 kg/cm2 , the polymerization temperature 

is from 100 to 120 °C, and the average residence time 

of the mixture of the reaction system is from 1 to 3 

hours, to thereby obtain a propylene polymer resin 

having a viscosity (MFR1 ) of from 1-14g/10 min. Subse­

quently, the hydrogen as the molecular weight control­

ling agent is removed (more specifically, a hydrogen 

content is reduced to 0.005 % by mole or less) and 

then, the propylene polymer resin obtained by the first 

polymerization is subjected to second stage polymeriza­

tion under conditions such that the polymerization 

pressure is from 10 to 20 kgf/cm2, the polymerization 

temperature is from 40 to 50 °C, and the average resi­

dence time of the mixture of the reaction system is 

from 3 to 5 hours, to thereby obtain a propylene poly­

mer resin in an amount of from 10 to 20 % by weight, 

based on the total amount of the propylene polymer 

resins obtained in the first stage and second stage 

polymerizations, wherein the propylene polymer resin 

obtained after the second stage polymerization has a 

viscosity (MFR2 ) of from 1/4 to 1/6 of the viscosity 

(MFR1 ) of the propylene polymer resin obtained in the 

first stage polymerization. 
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In the above-mentioned two-stage polymerization, 

it is especially important to control the amount of the 

propylene polymer resin obtained in the second stage 

polymerization in the range of from 10 to 20 % by 

weight, based on the total amount of the propylene 

polymer resins obtained in the first stage and second 

stage polymerizations, in order to obtain a propylene 

polymer resin having the above-mentioned advantageous 

characteristics, i.e., not only specific molecular 

weights, and specific molecular weight distribution, 

but also desired specific, viscoelasticity characteris­

tics exerted depending thereon. 

When the propylene polymer resin is a copolymer of 

propylene and an olefin other than propylene, such as 

ethylene, an olefin gas other than propylene can be 

added, in the second stage polymerization, to the 

propylene polymer resin obtained in the first stage 

polymerization. For example, when the above-mentioned 

olefin other than propylene to be added to the propyl­

ene polymer resin obtained in the first stage polymeri­

zation is ethylene, a propylene-ethylene copolymer 

resin having specific viscoelasticity characteristics 

which are essential in the present invention can be 

readily produced ·as long as an ethylene content thereof 

is from 0.05 to 8 % by weight. The above-mentioned 
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conditions for the polymerization may be varied depend­

ing on the type of apparatus used for the polymeriza­

tion (i.e., morphology, structure or size of a polymer­

ization reactor, morphology of an agitating blade, and 

the like). Accordingly, it is desired that a prelimi­

nary experiment be conducted in advance using a poly­

merization reactor to be actually used for preparation 

of a base resin, taking the above-mentioned polymeriza­

tion conditions into consideration. In this case, the 

viscosity of the propylene polymer resin in each poly­

merization stage can be used as a criterion for con-

trolling the polymerization conditions. 

In the present invention, the propylene polymer 

resin can be a propylene homopolymer or a copolymer of 

propylene and an olefin other than propylene. Ex~mples 

of usable olefins include ethylene, 1-butene, an isobu­

tylene, 1-pentene, 3-methyl-1-butene, 1-hexene, 3,4-

dimethyl-1-butene, 1-heptene and 3-methyl-1-hexene. Of 

these, ethylene is most preferred. 

In the present invention, for facilitating the 

hardening of cells of the foam, a known crystal nu­

cleating agent for a propylene polymer resin can be 

added to the foaming resin composition. Examples of 

crystal nucleating agents 'for a propylene polymer resin 

include an aluminum salt of an aromatic carboxylic 
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acid, dibenzylidenesorbitol, a substituted dibenzyli­

dene, sorbitol, and a sodium salt of methylenebis-

( 2, 4,-di-t-butylphenol)acidphosphate. Further, if 

desired, for controlling the generation of cells, a 

cell nucleating agent can be added to the foaming 

composition. Examples of cell nucleating agents in­

clude inorganic powders, such as talc and silicon 

oxide, organic powders, such as zinc stearate and 

calcium stearate, and fine powders which are decomposed 

by heating to generate a gas, such as citric acid and 

sodium hydrogencarbonate. Further, as in the case of 

base resins for producing conventional foams, customary 

additives, such as an ultraviolet absorber, an antioxi­

dant, an antistatic agent and a coloring agent, can be 

added in a desired amount. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described in greater 

detail with reference to the following Referential 

Examples, Examples and Comparative Examples, which 

should not be construed as limiting the scope of the 

present invention. 

Evaluation was made with respect to each of var-

ious properties of the foams obtained in Examples and 

Comparative Examples. The evaluation of each of the 

properties of the foams was made according to the 

following criterions. 

Occurrence of corrugation phenomenon <evaluated in 

terms of the average cell diameter) 

Remarks (commercial 
Criterions Evaluation symbol value of the foam) 

< 0.4 mm X No commercial value 
(drastic corrugation 
phenomenon is observed) 

0.4 mm to less 
than 0.7 mm 

~ 0.7 mm 

A 

0 

Use is limited 
(slight corrugation 
phenomenon is observed) 

High commercial value 
{no corrugation 
phenomenon is observed) 
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Minimum peak acceleration J 1 at the one-time weight 

dropping test as the first dropping test 

Remarks (commercial 
Criterions Evaluation symbol value of the foam) 

> 80 G X Unusable for cushion 
packaging materials 
for ordinary household 
electric apparatus 

> 65 G and 
~ 80 G 

~ 65 G 

Cushioning 

Criterions 

> 1.5 

0 

performance 

Evaluation 

x 

> 1.3 and A 
~ 1.5 

~ 1.3 0 

Usable for cushion 
packaging materials · 
for ordinary household 
electric apparatus 

usable for cushion 
packaging materials 
for fragile household 
electric apparatus 

lowering index K 

Remarks (use as cushion 
packaging materials 
in applications in which 
the packaged articles 

symbol sustain repeated impact) 

Unusable 

Use is limited 

Usable 

4 ,, 
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After-compression thickness recovery R 

Criterions 

< 95 % 

~ 95 % 

Evaluation symbol 

x 

0 

Remarks (processability) 

Fabrication by compres­
sion cutting using a 
blanking blade cannot 
be conducted 

Fabrication by compres­
sion cutting using a 
blanking blade can be 
conducted 

Compression stress anisotropy z 

Criterions Evaluation symbol 

> 1.5 x 

~ 1.5 0 

Overall evaluation 

Remarks (commercial 
value of the foam as 
cushion packaging 
materials) 

No commercial value 

Valuable 

On the basis of the above evaluations, the 

evaluations of the foams obtained in Examples and 

Comparative Examples were made as follows: 

Criterions Evaluation symbol 

Foam having X 
evaluation 
X for one 
item or more 

Foam having 
evaluations 
QandA, but 
no evalua­
tion X 

Remarks 

No commercial value for 
use as a plank foam 
having a large thickness 

Low commercial value for 
use as a plank foam 
having a large thickness· 



Foam having 
evaluation O 
for all items 

0 
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High commercial value 
for use as a plank 
foam having a large 
thickness 

Referential Examples (Production of propylene polymer 

resins) 

9 types of propylene polymer resins (resins 1 to 

9) were produced according to the above-mentioned two­

stage polymerization method, using a viscosity (MFR) as 

a criterion. With respect to each of the obtained 

resins 1 to 9, the characteristic properties were 

measured according to the method described above. 

Results are shown in Table 1 together with viscosities 

(MFR) as a control criteria~. With respect to the 

propylene polymer matrix resins constituting the ma-

trices of the extruded propylene polymer resin foams 

which resins were, respectively, obtained in Examples 1 

to 17 using resins 1 to 9 and in Comparative Examples 1 

to 6 using resins 3 to 4, results of the determination 

of the characteristic properties are shown in Table 2. 

Resins 10 and 11 were obtained according to the 

above-mentioned two-stage polymerization method for 

producing a propylene polymer resin, except that some 

of the above-prescribed polymerization conditions for ... 

the first stage and second stage polymerizations were 

not satisfied. Further, 3 types of commercially avail­

able resins were provided as_ resins 12 to 14. Resin 12. 
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is a polypropylene resin "EllOO", manufactured and sold 

by Asahi Chemical Industry Co., Ltd., Japan; resin 13 

is a polypropylene resin "E3100", manufactured and sold 

by Asahi Chemical Industry Co., Ltd., Japan; and resin 

14 is "PF-815", manufactured and sold by HIMONT Inc., 

U.S.A., which is used in the Working Examples of the 

above-mentioned Unexamined Japanese Patent Application 

Laid-Open Specification No. H4-363227. Resins 10 to 14 

were evaluated with respect to the characteristic 

values. Results are shown in Table 3 together with 

viscosities (MFR) as a control criterion. With respect 

to the propylene polymer matrix resins of the extruded 

propylene polymer resin foams respectively obtained in 

Comparative Examples 7 to 22 using resins 10 to 14, 

results of the determination of the characteristic 

properties are shown in Table 4. 

MFR2 values of resins 1 to 11 shown in Tables 1 

and 3 are values which were obtained using pellets 

produced from a mixture of a polymerized resin in a 

powdery form and various additives using an extruder. 



Resin 1 

First Polymerization 
34 pressure (k9/cm2) 

stage 
polym- Polymerization 
eriza- temperature (°C) 1 1 0 
ti on 
condi-
tions Average residence 

time of reaction 
2.5 

mixture (hrs) 

MFR1 of first stage 
polymerized powder 2.4 

Second 
Polymerization 20 

stage 
pressure (kg/cm2 ) 

polym- Polymerization '· ·40 eriza- temperature (°C) 
ti on 
condi-
tions Average residence 4.4 

time of reaction 
mixture (hrs) 

second stage polymeriza~ion 1 2 ratio (wt\) 

MFR2 of second stage 0.5 polymerized powder 
. -~~ter palletized) 

Table 1 

. Base resin used for producinq foams of 
Examples 1 - 17 and Comparative Examples 1 - 6 

Resin 2 Resin 3 Resin 4 Resin 5 Resin 6 Resin 7 Resin 8 Resin 9 
... 

3 6 32 38 39 3 5 35 3 1 34 

1 1 0 1 1 0 1 2 0 100 1 2 0 100 1 0 0 1 2 0 

2.0 1 . 5 1.0 2.5 3.0 2.0 2.5 2.0 

5.5 1 0. 7 1 2. 0 8.3 7.9 8.1 7.5 6.8 

1 0 1 0 20 1 0 20 20 1 0 10 

50 50 50 40 40 40 50 40 

3.4 2.5 1.8 4.4 5.0 3.5 4.3 3.6 

1 6 1 7 10 1 2 1 7 1 3 1 5 1 0 

1. 1 1. 9 2.5 2.0 1. 6 1. 8 1. 5 1. 6 

(To be continued) 

..... 
~ 
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Resin 1 

z average molecuiar 
weight (x io- ) 1 2. 9 

~zlffw 1 5. 0 

Biaxial extensional vig-
cosity (poise) (x 10- ) 1o.0 

Biaxial strain 0. 4 5 hardening rate a . 

Swell index S 3.4 

Melt tension (gf) 9.4 

Ethylene content (wt\) 0 

Table l (Continued) 

. Base resin used for producing .foams .of 
Examples 1 - 17 and Comparative·Examples 1 - 6 

Resin 2 Resin 3 Resin 4 Resin 5 Resin 6 Resin 7 

2 9. 6 2 o. 0 1 0. 5 1 8. 2 2 1. 0 2 6. 7 

3 9 .. 8 2 1. 9 . 1 4. 7 2 2. 0 2 6. 1 3 4. 2 

8.6 6.7 4.6 9.7 11. 4 10.3 

0. 5 4 0. 4 8 o. 3 4 0. 4 3 0. 5 9 0. 5 6 

3.2 3.2 2.8 3.0 3.4 3.2 

1 0. 5 9.6 4.8 9.2 1 4. 8 1 4. 2 

0 0 0 0. 0 1 0. 0 5 1. 8 0 

Resin 8 

3 1. 2 

3 9. 8 

1 2. 0 

0. 5 8 

3.3 

1 5. 7 

4. 0 0 

Resin 9 

3 3. 8 

4 5. 3 

9.3 

0. 4 7 

3.3 

9.3 

8. 0 0 

.... 
"' 

I 
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Table 2 

Matrix resin of foams produced in 
Examples 1 - 17 and Comparative Examples 1 - 6' 

Resin 1 Resin 2 Resin 3 Resin 4 Resin 5 Resin 6 Resin 7 

z average molecular 
weight (x 10- ) 2.8 4.1 4.1 2.5 4.3 4.8 5.0 

Mz/l\, · 5.5 9.4 9. 2 . 5.3 8.7 10.1 1 o. 7 

··Biaxial extensional vig-
cosity (poise) (x io- ) 7.3 6.9 5.3 3.9 7.2 8.5 8.0 

Biaxial strain 0. 4 2 0: 4 8 o. 4 2 0. 3 1 0. 3 8 0. 5 1 o. 4 8 
hardening rate a 

Swell index S 2.9 2.7 2.7 2.2 2.4 2.8 2.6 

Resin. 8 

5.1 

1 1. 1 

8.4 

0. 5 2 

2.7 

Resin 9 

5.1 

1 1. 2 

7.8 

o. 4 2 

2.7 

L 

...... 
0\ 

.. 



First Polymerization 
pressure (kg/cm2) stage 

polym- Polymerization eriza-
ti on temperature (°C) 
condi-
tions Average residence 

time o.f reaction 
mixture (hrs) 

MFR1 of first stage 
polymerized powder 

Second Polymerization 2 
stage pressure (kg/cm ) 
polym-

Polymerization eriza-
ti on temperature (°C) 
condi-.. 
tions Average residence 

time of reaction 
mixture (hrs) 

Second stage polymerization 
ratio (wt%) 

MFR2 of second stage 
polymerized powder 

(after palletized) 

Table 3 . 

. Base resin used for producing foams 
of Comparative Examples 7 - 22 

Resin 10 Resin 11 Resin 12 Resi·n 13 Resin 14 

28 32 - - -

1 0 0 1 0 0 - - -

2.5 ·2. 0 - - -

1 5 .1 1 5. 5 - - -

1 5 1 5 - - -

50 4 ff - - -

4.6 3.7 - - -

8 7 - - -

5.7 6.2 0.5 0.5 3.0 

(To be continued) 

....... ........ 
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... 

z average molecuGar 
weight (x 10-·) 

. Mz/Mw 

Biaxial ~xtensional vig-
cosity (poise) (x 10- ") 

Biaxial strain 
hardening rate a 

Swell index S 

Melt tension (gf) 

Ethylene content (wt%) 

Table 3 (Continued) 

. Base resin used for producing foams 
· of Comparative Examples 7 - 22 

Resin 10 Resin 11 Resin 12 Resin· 13 Resin 14 

3. 1 2.9 4.5 4.3 3.2 

7.2 7.1 5. 1 5.0 6.5 

3.6 3 .. 3 4.2 4.3 2.5 

0. 3 1 0. 2 6 0. 2 2 o. 2 0 o. 4 4 

2.4 2.4 2.3 2.3 2.1 

4.1 3.5 4.2 1.2 1 3. 8 

0 1.8 0 1.8 0 

..... 
Q) 



z average molecµtar 
weight · (x ~o- ) 

Mz/°Mw 

Biaxial extensional· vig-
cosity (poise) (x io- ) 
Biaxial strain 
ha.rdening rate a 

Swell index S 

Table 4. 

Matrix resin of foams produced 
in Compa~ative Examples 7 - 22 

Resin 10 Resin 11 Resin 12 Resin 13 Resin 14 

1.7 1.6 2.3 2.2 1.8 

3.9 3.7 3.2 3.3 3.6 

2.5 2.4 3.5 3.0 1.2 

0. 2 2 0. 2 0 0. 1 6 0. 1 7 0. 3 6 

1.9 1.8 1.9 1.9 1.7 

....., 
\D 

I 
' I 
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Example 1 

Resin 1 was fed, at a rate of 50 kg per hour, to a 

feed zone of a screw extruder with a barrel having an 

inner diameter of 45 mm, and at the same time, a cell­

nucleating agent (Cellborn SC-K, manufactured and sold 

by Eiwa Chemical Industry Co., Ltd., Japan) was added 

thereto in an amount of 0.02 part by weight per 100 

parts by weight of resin 1. 

The barrel temperature of the extruder was set at 

190 °C, and a foaming agent (a mixed foaming agent 

having a tetraf luoroethane/ethyl chloride molar ratio 

of 2/8) was fed to a mixing zone located at the forward 

end of the extruder in an amount of 18 parts by weight 

per 100 parts by weight of resin 1, to thereby obtain a 

foaming composition comprised of a molten mixture of 

resin 1, the foaming agent and the cell-nucleating 

agent. The obtained foaming composition was uniformly 

cooled to 155 °C in a cooling device connected to the 

outlet of the extruder. Subsequently, by a backward 

movement of the piston of a hydraulic cylinder, the 

foaming composition was charged into an accumulator 

having an internal volume of 3.6 liters and set at an 

extruding temperature of 155 °C, while maintaining the 

internal pressure of the accumulator at a level which 

prevents foaming. Immediately after completion of the 

charging of the foaming composition into the accumula-
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tor, the shutting plate of an extrusion die (having a 

tapering angle of 45°, a width of the opening of 180 mm 

and a thickness of the opening of 1.5 mm) attached to 

the forward end of the accumulator was opened, and the 

piston of the hydraulic cylinder was moved forward so 

that the foaming composition in the accumulator was 

extruded at a lower limit extrusion rate at which a 

foaming does not occur in the extrusion die. The 

resultant extruded foam was immediately received be-

tween upper and lower pressure rolls, thereby shaping 

the foam. 

The obtained foam was evaluated with respect to 

density, thickness, closed cell ratio, average cell 

diameter, minimum· value J 1 of peak accelerations in the 

one-time weight dropping tests, cushioning performance 

lowering index K, after-compression thickness recovery 

R and compression stress anisotropy z according to the 

methods described above. Results are shown in Table s·. 

Examples 2 to 17 

Foams were obtained, in substantially the same 

manner as in Example 1, except that the resin, the 

amount of a foaming agent added, the amount of a cell­

nucleating agent, and the thickness of a die opening 

were changed as shown in Table 5 and Table 6. The 

obtained foams were evaluated according to the above-
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mentioned evaluation methods. Results are shown in 

Table 5 and Table 6. However, with respect to the 

production conditions, it should be noted that in the 

Examples using resins 5 to 9, which contain ethylene, 

the cooling temperature of the resin in the cooling 

device and the internal temperature of the accumulator 

were set at a lower limit temperature in the range from 

155 to 140 °C, which lower limit temperature prevents a 

resin from being discharged from the die opening in a 

solidified form. 

Tables 5 and 6 show that, when a base ,resin which 

satisfies the requirements defined in the present 

invention is used, a foam can be obtained which has not 

only a thickness of at least 20 mm, a satisfactorily 

high closed cell ratio and a low degree of a compres­

sion stress anisotropy but also exhibits 80 G or less 

in terms of minimum value J 1 of peak accelerations in 

the one-time weight dropping tests. Tables 5 and 6 

also show that a foam can be obtained which, when 

having a thickness of 30 mm or more, exhibits an excel­

lent cushioning performance represented by 65 G or less 

in terms of minimum value J 1 of peak accelerations in 

the one-time weight dropping tests. Further, Tables 5 

and 6 show that the incorporation of ethylene is effec­

tive for maintaining the cushioning performance and 

improving the after-compression dimensional recovery. 
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The foams of Example 16 and Example 17 were ob­

tained by slicing the foam obtained in Example 3 along 

a plane perpendicular to a thicknesswise direction of 

the foam so that the foams of Examples 16 and 17 had 

the respective thicknesses as shown in Table 6. 



Resin 

Example f Resin· 
1 l 

Example I Resin 
2 2 

Example 
l 

Resin 
3 

Example I Resin 
4 4 

:xample I ~es,Ln 

Example 
6 

Example 
7 

Resin 
3 

Resin 
3 

Production conditions 

Alllount 
of 
foaming 
agent 
added 

(wt\)• 

1 8 

1 8 

1 8 

1 8 

1 5 

25 

40 

Amount 
of cell 
nucle­
ating 
a9ent 

(wt\)• 

o. 0 2 

0. 0 2 

o. 0 2 

o. 0 2 

o. 0 2 

o. 0 2 

0 

Tl\Tck­
ness 
of die 
opening 

(111m) 

1. 5 

1. 5 

1. 5 

1. 5 

1.5 

1.5 

1. 5 

• 1 wt parts par 100 wt parts of resin 

Den-
s icy 
of 
foam 
(9/cml) 

0.019 

0.020 

o. 019 

0.020 

0.026 

0.014 

0.010 

'l'able 5 

'l'hlck­
ness 
of 
foam 

(11uu) 

Closed 
cell 
ratio 

(\) 

.. 1 5 I 9 l 

113 I· 96 

11 3 95 

37 86 

'l 1 93 

4 7 97 

42 96 

Results of evaluation 

Aver­
.;age 
cell 
dla111e-
1:er (R\I\\' 

1. 0 
0 

1. 1 
0 

1. 1 
0 

1. 0 
0 

1.2 
0 

0.9 
0 

0.8 
0 

Minimum value ~ush­
of peak acce- ioning 
l".1rat1on (one- peL·for-
t1me weigl\t. 1nance 
dropping) Ji lowerin~ 

lndax l< 

il 2 
0 

44 
0 

43 
0 

44 
0 

4 l 
0 

43 
0 

52 
0 

I. 35 
A 

I. 34 
A 

l. 34 
A 

I. 45 
6. 

I. 42 
A 

I. 4 l 
A 

I. 47 
A 

Aftei:- Coll\praslOvei:-
compi:es- slon all 
slon stre11s evalu· 
thickness anisot- at.ion 
recovery ropy z 

R 

9 3. 9 
A 

9 4. 1 
A 

9 4. 2 
A 

9 2. 5 
A 

9 2. 7 
A 

9 2. 9 
A 

9 2. 3 
A 

I. 25 
0 

I. 19 
0 

l. 21 
0 

t. 23 
0 

I. 16 
0 

1.36 
0 

l.U 
0 

A 

A 

A 

A 

A 

A 

A 

ID ,,,. 

... 



Table 6 

Production conditions 

Amount Amount Thiele- Den- Thiele- Closed 
Resin Of of call ness sity cell foaming nucle- of die ness 

agent a ting opening of of ratio 
foam foam (\) added agent (nun) (g/cml) ( llUll) (wt\)• (WU)* 

Example Resin 1 8 0. 0 2 1. 5 0.019 4 5 97 
8 

5 

Example Resin 1 8 o. 0 2 1. 5 0.019 42 98 
9 

6 

Example Resin 1 8 o. 0 2 1. 5 0.020 11 1 97 
10 

7 

Example Resin 1 8 o. 0 2 1. 5 0.019 4 3 98 
11 8 

Example Resin 1 8 o. 0 2 1. 5 0.020 44 97 
12 9 

Example Resin 1 5 o. 0 2 1. 5 0.024 40 95 
13 7 

Example Resin 2 5 o. 0 2 1. 5 0.013 45 97 
14 7 

Example Resin 40 0 1. 5 0.010 40 96 
15 7 

Results of evaluation 

Cush-
Aver- Hinimwa value ioning 
age of peak acce- per for-
cell le1·atlon (one-
dlame- time weight mance 

lower in 
ter (nun dropping) J 1 index K 

1. 0. 43. I. 33 
0 0 6. 

0.9 42 I. 29 
0 0 0 

0.8 4 1 I. 24 
0 0 0 

0.9 40 I. 23 
0 0 0 

1. 0 4 1 I. 23 
0 0 0 

1. 2 39 I. 28 
0 0 0 

0.9 42 I. 27 
0 0 0 

0.8 5 1 I. 29 
0 0 0 

After- Compres - Over-
"all compres- sion 

sion stress avalu-
thickness anisot:- at ion 

g recovery ropy .z 
R 

9 4. 5 I. 24 6. 
6. 0 

9 5. 5 I. 27 0 
0 0 

9 7. 2 I. 34 0 
0 0 

9 7. 5 I. 30 0 
0 0 

9 7. 5 I. 25 0 
0 0 

9 6. 5 I. 17 0 
0 0 

9 6. 8 I. 38 0 
0 0 

9 6. 1 I. 44 0 
0 0 

· (To be continued) 

m 
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Production conditions 

Amount Amount Thick- Den-
Resin of of cell ness sity 

foaming nucle- of die Of 
agent a ting opening foam 
added agent (mm) (g/cm.) 

(wt\)* (wt%)* 

Example Resin 1 8 o. 0 2 1. 5 0. 019 
16 3 

Example Resin 1 8 o. 0 2 1. 5 0.019 
17 ~ 

* : wt parts per 100 wt parts of resin 

Table 6 (Continued) 

Results of evaluation 

'!'hick- Closed Aver- Minimwn value Cush-
ness cell age of peak acce- ioning 
of ratio . cell leration (one- per for-
foam (') di a me- time weight mance 

(1111n) ter (mm) dropping) J 1 lower in~ 
index K 

Slice 95 1 . 1 73 1. 35 
25 0 A A 

Slice . 9 5 1 . 1 52 1. 34 
35 0 0 A 

After-
compres-
sion 
thickness 
recovery 

R 

9 4. 0 
A 

9 4. 2 
A 

Compres-
sion 
stress 
anisot-
r:opy z 

1. 21 
0 

1. 21 
0 

Over-
all 
evalu-
ation 

A 

A 

:co 
'en 
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Comparative Examples 1 to 6 

Foams were obtained in substantially the same 

manner as in Example 1 1 . except that the resin, the 

amount of a foaming agent added, the amount of a cell-

nucleating·agent, and the thickness of a die opening 

were changed as shown in Table 7. The foam of Compara­

tive Example 1 was obtained by slicing the foam ob­

tained in Example 3 along a plane perpendicular to a 

thicknesswise direction of the foam so that the foam of 

Comparative Example 1 had the thickness as shown in 

Table 7. The foams obtained in Comparative Examples 1 

" 
to 6 were evaluated according to the above-mentioned 

evaluation methods. Results are shown in Table 7. 

Table 7 shows that a foam having a thickness of 

less than 20 mm cannot exhibit 80 G or less in terms of 

minimum value J 1 of peak accelerations in the one-time 

weight dropping tests, 80 G or less being a value which 

is generally necessary for exerting a satisfactory 

cushioning performance on articles, such as household 

electric apparatus, etc. Table 7 also shows that there 

exist optimum ranges for a density of a foam and a 

closed cell ratio from the viewpoint of the maintenance 

of the cushioning performance and that there exists an 

optimum range for an average cell diameter from the 

viewpoint of obtaining high uniformities in compression 

stress and cushioning performance irrespective of a 
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direction of use. 

Comparative Examples 7 to 13 

Foams were obtained in substantially the same 

manner as in Example 1, except that the resin, the 

amount of a foaming agent added, the amount of a cell­

nucleating agent, and the thickness of a die opening 

were changed as shown in Table 8. With respect to the 

production.conditions, it should be noted that in the 

Examples using resins 11 and 13, which contain ethyl­

ene, the cooling temperatures of the resins in the 

cooling device and the internal temperature of the 

accumulator were set at a lower limit temperature in 

the range from 155 ·to 140 °C, which lower limit temper­

ature prevents a resin from being discharged from the 

die opening in a solidified form. The obtained foams 

were evaluated according to the above-mentioned evalua­

tion methods. Results are shown in Table 8. 

The results show that when a known, commercially 

available resin is used, a foam which has a void or is 

extremely low in closed cell ratio is obtained even 

if the amount of a cell-nucleating agent is the same as 

employed in Example 1. ·The results also show that when 

a known, commercially available resin is used, it is 

very difficult to obtain a foam having a thickness of 

at least 20 mm and exhibiting an excellent performance, 
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such as a high cushioning perfox:mance. 

Comparative Examples 14 to 22 

Foams were obtained in substantially the same 

manner as in Example 1, except that the resin, the 

amount of a foaming agent added, the amount of a cell­

nucleating agent, and the thickness of a die opening 

were changed as shown in Table 9. With respect to the 

production conditions, it should be noted that in the 

Examples using resins 11 and 13, which contain ethyl­

ene, the cooling temperatures of the resins in the 

cooling device and the internal temperature of the 

accumulator were set at a lower limit temperature in 

the range from 155 to 140 °C, which lower limit temper­

ature prevents a resin from being discharged from the 

die opening in a solidified form. The obtained foams 

were evaluated according to the above-mentioned evalua­

tion methods. Results are shown in Table 9. 

The results show that when a known, commercially 

available resin is used, a foam which has a closed cell 

ratio of at least 80 % cannot be obtained even if the 

amount of a cell-nucleating agent added is increased in 

order to improve a closed cell ratio. The results also 

show that when a known, commercially available resin is 

used, the obtained foam has high anisotropy in each of 

the compression stress and cushioning performance, and 

has a thickness of 20 mm or less. 



Table 7 . 

Production conditions 

Amount Amount Thick- Den- '!'hick- Closed 
Resin of of cell ness sity nes1:1 cell 

foaming nucle- of die of of ratio 
agent a ting opening foam foam <'> 
added agent (IMI) (g/cm. ) (1M1) 

(wt\)* (wt,)• 

Compar-
Resin 1 8 0. 0 2 1. 5 o. 019 slice 95 ative 

Example 3 1 5 
1 

Compar-
Resin 5 0. 0 2 4.0 0.096 46 94 ative 

Example 3 
2 
Com par-

Resin 8 0. 0 2 2.5 0.045 44 92 ative 
Example 3 

3 
Com par-

Resin 80 0 1. 0 0.003 24 97 ative 
Example 3 
4 
Compar-

Resin 1 8 0 1. 5 0.021 38 75 ative 
Example 4 

5 
Compar- Resin 1 8 0. 2 5 1. 5 0.019 3 1 98 ative 
Example 3 
/;. 

* : wt parts per 100 wt parts of resin 

Results of evaluation 

Aver- Minimwu value Cush-
age of peak acce- ioning 
cell leration (one- perfoL·-
dia111e- ti111e weight mance 
tar (nun ) dropping ) J 1 lowering 

index K 

1. 1 85 1. 36 
0 x A 

1. 3 4 1 1. 61 
0 0 x 

1. 3 39 1. 53 
0 0 x 

0.8 5 5 1. 64 
0 0 x 

1. 5 4 1 l. 53 
0 0 x 

0.3 57 1..36 
x 0 A 

After-
compres-
sion 
thickness 
recovery 

R 

9 3. 8 
A 

9 1. 7 
A 

9 2. 0 
A 

9 1. 5 
A 

9 2. 1 
A 

9 3. 8 
A 

Compres-
sion 
stress 
anisot-
ropy i 

1. 21 
0 

l. 05 
0 

1. 09 
0 

l. 47 
0 

l. 10 
0 

l. 57 
x 

Over-
all 
evalu-
at ion 

x 

x 

x 

x 

x 

x 

.. .&i. ! 

i 

\0 
0 



Production conditions 

Amount Amount Thick-
Resin of of cell ness 

foaming nucle- of die 
agent a ting opening 
added agent (111111) 

(wt\)* (wt\)* 
Compar-

Resin 1 8 o. 0 2 1. 5 ative 
Example 10 
7 
Compar-

Resin 1 8 0. 0 2 1. 5 ative 
Example 11 
e 
Compar-

Resin 1 8 o. 0 2 1. 5 ative 
Example 12 
9 
Compar- Resin 1 8 o. 0 2 1. 5 ative 
Example 13 

10 
Compar-

Res.i,n 1 8 o. 0 2 1. 5 ative 
Example 14 
11 
Compar-

Resin 1 5 0. 0 2 1. 5 ative 
Example 12 
12 
compar-

Resin 25 o. 0 2 1. 5 ative 
Example 12 
13 

* : wt parts per 100 wt parts of resin 

** • not measured because voids occurred 

Table B 

Oen- Thick- Closed 
sity ness cell 
of ; of ratio 
foam foam (' )' 
(g/cm3) ( IDID) 

0.028 28 Voids** 

0.030 26 Voids** 

0.029 27 Voids** 

0.030 28 Voids** 

0.027 29 Voids** 

0.036 25 Voids** 

0.023 3 2 Voids** 

Results of evaluation 

Aver- Minimum value Cush-
age of peak acce- ioning 
cell leration (one- per for-
diame- time weight mance 
ter (mm ) dropping ) J 1 lowering 

index K 

. 1. 1 70 l. 62 
0 A x 

1. 1 72 I. 57 
0 /),. x 

1. 0 70 l. 64 
0 /),. x 

. 1. 1 69 l. 56 
0 A x 

1. 0 68 1. 63 
0 /),. x 

1. 2 7 1 I. 65 
0 /),. x 

0.9 65 I. 63 
0 0 x 

After-
compres-
sion 
thickness 
recovery 

R 

9 1. 7 
A 

9 2. 5 
A 

9 1. 5 
/),. 

9 2. 6 
/),. 

9 1. 6 
/),. 

9 1. 3 
/),. 

9 1. 7 
/),. 

Compres-
sion 
stress 
anisot-
rap~ z 

l. 32 
0 

I. 34 
0 

l. 31 
0 

I. 35 
0 

l. 32 
0 

l. 36 
0 

I. 39 
0 

Over-
all 
evalu-
at ion 

x 

x 

x 

x 

x 

x 

x 

\0 ... 



'!'able 9 

Production conditions 

Amuunc NllOURC Thiele- Den- 'l'hlck- Closed 

Resin 
Of of cell ness sity QIUIS cell 
foaming nucle- of die of of ratio 
agent a ting opening foam foain (\) 
added agent (mm) (g/cml) (1111n) 

lwt\1 1 twt\)• 

co11par- Resin 1 8 0. 2 5 1. 5 0.025 1 7 59 
ative 
Bxa11ple 14 10 

Compar-· Resin 1 8 0. 2 5 1. 5 0.026 1 6 50 
atlve 
Example 15 11 

Co11par- Resin 1 8 o. 2 5 1. 5 0.027 1 5 . 2 0 
ative 
Example 16 12 

Coaapar- Resin 1 B 0. 2 5 1. 5 0.026 1 5 2 '1 
ative 
Example 17 13 

COllpar- Resin 1 5 0. 2 5 1. 5 0.034 1 3 1 7 
ative 13 Baample 18 

Compar- Resin 26 o. 2 5 1. 5 0.021 1 7 3 1 
ative 
Example l!l 13 

Co1Dpar- Resin 1 8 0. 2 5 1. 5 0.024 1 G 65 
atlve 
Example 20 14 

Compar- Resin 1 5 o. 2 5 1.5 0.031 1 4 45 
ative 14 
Example 21 

Co11par- Resin 25 0. 2 5 1.5 0.018 1 g 72 
atlve 
Example 22 14 

• a wt parts par 100 wt parts of resin 

Results of evaluation 

Aver- Hinlinum value Cusn-
age of peak acce- lonlng 
cell leration (one- per for-
dlame- time weight ma nee 
tar (mm dropping) Ji lowering 

index K 

0.3 84 I. 64 
x x x 

0.3 84 I. 55 
x x x 

0.3 85 I. 64 
x x x 

0.3 85 I. 54 
x x x 

0.3 89 I. 55 
x x x 

0.3 82 l. 54 
x x x 

0.3 84 I. 61 
x x x 

0.3 87 l. 65 
x x x 

0.3 82 I. 60 
x x x 

After-
compres-
sion 
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- Over-
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x 

x 
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x 

x 

x 

x 
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INDUSTRIAL APPLICABILITY 

The extruded propylene polymer resin foam of the 

present invention is a single layer foam having a 

thickness of at least 20 mm, a density of from 0.005 to 

0.03 g/cm3, an average cell diameter of from 0.4 to 

2.0 mm, and a closed cell ratio of at least 80 %. 

Therefore, the foam of the present invention exhib-

its 80 G or less in terms of the minimum peak accelera­

tion when tested in accordance with the "Testing Meth­

ods of Dynamic Compression for Package Cushioning 

Materials" prescribed in Japanese Industrial Standards 

(JIS) Z 0235, in which weights are dropped from a 

height of 60 cm on the foam. Thus, the extruded pro­

pylene polymer resin foam exhibits not only high cush­

ioning performance and mechanical strength properties,_ 

but also has light weight, so that, after fabrica~ed 

into various sizes by cutting, the resultant resin foam 

articles can be advantageously used in the fields of 

cushion packaging materials, floating materials, and 

heat insulating materials. 
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CLAIMS 

1. An extruded propyl~ne polymer resin foam compris­

ing a plurality of closed cells defined by cell walls 

which constitute a matrix of said foam, 

said matrix comprising a propylene polymer resin 

exhibiting a biaxial extensional viscosity of at least 

3.0 x 106 poises at a biaxial extensional strain of 

0.2, and a biaxial strain hardening rate a of at least 

0.25, said biaxial strain hardening rate a being de-

fined by the following formula: 

a = 0 . 7 7 x { log Yj_ 2 - log >'11 ) 

wherein~ 1 represents the biaxial exten­

sional viscosity at a biaxial extensional 

strain of 0.01, and ~ 2 represents the 

biaxial extensional viscosity at a biax-

ial extensional strain of 0.2, 

wherein said foam has a thickness of at least 

20 mm, a density of from 0.005 to 0.03 g/cm~, an aver-

age cell diameter of from 0.4 to 2.0 mm, and a closed 

cell ratio of at least 80 %, in which said closed cell 

ratio is defined as the percentage of the volume of 

closed cells, based on the total volume of the closed 

cells and open cells in the foam. 

2. The foam according to claim 1, having a thickness 

of at least 30 mm. 
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3. The foam according to claim 1 or 2, exhibiting 

80 G or less in terms of minimum value Ji of peak 

accelerations respectively sustained by a predetermined 

number of different weights in the one-time weight 

dropping tests in which the predetermined number of 

different weights respectively capable of generating 

different static stresses in the range of from 0.02 to 

0.4 kgf/cm2 on the foam are used and the respective 

weights are individually dropped once from a height of 

60 cm on the foam to obtain peak accelerations with 

respect to static stresses, wherein Ji is defined as 

a minimum value of the peak accelerations which minimum 

value is read from a smooth curve obtained by plotting 

the peak acceleration against the static stress. 

4. The foam according to any one of claims i to 3, 

having 1.5 or less in terms of cushioning performance 

lowering index K which is defined by the .formula: 

wherein J 1 is as defined in claim 3, and 

JAV is obtained by repeating 4 times the 

same weight dropping tests as defined in 

claim 3 after said one-time weight drop-

ping test as defined as the first drop-
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ping test, obtaining four peak accelera-

tion values in the 2nd to 5th dropping 

tests with respect to respective static 

stresses, calculating average peak accel­

eration values with respect to respective 

static stresses, and reading minimum 

value JAV of the average peak accelera­

tions from a smooth curve obtained by 

plotting the average peak acceleration 

value against the static stress. 

5. The foam according to any one of claims 1 to 4, 

having 1.3 o~ less in terms of cushioning performance 

lowering index K as defined in claim 4. 

6. The foam according-to any one of claims 1 to 5, 

having at least 95 % in terms of after-compression 

thickness recovery R which is obtained by applying a 

pressure to the foam in a thicknesswise direction 

thereof at a rate of 500 mm/min to thereby compress the 

foam by 90 % of the original foam thickness, relieving 

the foam from the pressure and allowing the relieved 

foam to stand.for 24 hrs and recover the thickness 

thereof, and measuring the recovered foam thickness, 

wherein R is defined as the percentage of the recovered 

team thickness, based on the original foam thickness. 
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7. The foam according to any one of claims 1 to 6, 

exhibiting a compression stress anisotropy z of 1.5 or 

less. 

8. The foam according to any one of claims 1 to 7, 

wherein said propylene polymer resin is a linear poly-

mer resin. 

9. The foam according to any one of claims 1 to 8, 

wherein said propylene pol~er resin has an ethylene 

content of from 0.05 to 8 % by weight. 

10. The foam according to any one of claims 1 to 9, 

wherein said propylene polymer has 1.8 or more in terms 

of swell index S which is obtained by extruding the 

propylene polymer resin in a molten form in a vertical 

direction at a shear rate of 650 sec-1 through a capil­

lary having an inner diameter of 2.095 mm and a length 

of 8.0 mm to thereby obtain a ribbon resin extrudate, 

wherein S is defined as a ratio of the diameter of the 

extrudate to the inner diameter of said capillary. 

11. The foam according to any one of claims 1 to 10, 

wherein said propylene polymer has a z average molecu-

.· 
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lar weight of at least 2 x 106 and an Mz/Mw value of at 

least 5, wherein·Mz and Mw are, respectively, a Z 

average molecular weight and a weight average molecular 

weight, each measured by gel permeation chromatography. 


