1 TITLE OF THE | NVENTI ON EXTRUDED PROPYLENE POLYMER RESI N FOAM BACKGROUND
OF THE | NVEMT| Osdechni cal Fiel d The present invention relates to a nove
extruded  prqpyl ene pol yner’ resin foam More particularly, the present .

i nvention is concerned with a novel extruded propyl ene pol yner resin foam
conprising a vast plurali- ty of cells and @ matrix constituted by cel
wal |l s of the cells and conprised of a propylene polynmer resin, wherein said
propyl ene polynef resin has high viscoe- lasticity characteristics, and
wherein the foam has a thickness &IILE OF THEAINVEMSITON) nm a density as
smal |.'as 0.03 g/cnferr] or less, an average cell dianeter of fromO0.4 to
2.0 mm.and ' a cl osed cel | rBXTBUBED| BRQBYRENE! PORYMER SRESIN TH@AMesi n f oam of
the presént inven- tion has not_onl I|oht meroht but al so exhibits high
cushi oni ng performance and exceRheht Bo@F cEHE PERAN so that, after
fabricated into vgrious sizes cuttlng, t he resultant resin foantartlcles
can.be advantageo@%ﬁ@gﬁg%é—f%ggée fields of cushion packagi ng naterials
floating materials, anghhea elggglfﬁég tfgﬁeéé ééesBackgrSgggl 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
cushioning 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 polyethyiene resin foams have heretofore



Ext ruded pol yethyl ene resin foans have heretofore = 2 been well known,
however, have various problenms in respect of the properties thereof. On the
ot her hand, propyl ene polymer resins have high rigidity as conpared to

pol yethyl ene resins and, therefore, have advantages in that when foans are
produced from propyl ene polyner resins, the foans can exhibit high

mechani cal” strengths with the use of the redin in a reduced amount, so that
excel l ent foanms having |ight weight and excell ent nmechani cal properties can
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conventional extruded propyl ene polyner resin forns having a density oﬁ

0.03 g/cnB or |esin ddest 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 excelient
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 0.63 g/cm3 or less. However;
any of the convenfional 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-



not have a thickness and a closed cell ratio which are sufficient to exert
hi gh cushi oni ng performance, so that these forns are unsatisfactory for use
as cushi on packaging materials. Wth a view toward sol ving the probl ens
acconpany- 3 ing the conventional propylene polynmer resin forns, the
present inventors have conducted experinents using extruded resin foans
havi ng di fTerent thicknesses which were produced from ol efin pol yner

resins, such as ethylene polyner resins and propyl ene polynmer resins, in
order to find relationﬁhi s _between the thickness of the resin foam and the
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p- ping test, with respect to resin toal ving different
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 resinlfoam. 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 Paékage 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



thi cknesses. The dynanmi c inpact characteristic curve was obtained by the
experiments which were conducted in accordance with the "Testing Methods of
Dynam ¢ Com pression for Package Cushioning Material s" prescribed in
Japanese Industrial Standards (JIS) Z 0235, using extruded polyethylene
resin foans each having a density of 0.025 g/cnﬁ and respectively having

t hi cknesses of 20, 30 and 40 mm From Fi g. and an expl anation thereon
(which is given below), not only will the 4 meani ng of the "cushioning

f " b clear t also it will be_understood that for _
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havi ng an accel eroneter equi pped inside thereof, are indivi ropped

on resin foanms to 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/cmz). This graph has been prepared
as follows. A predetermined number of different
weights, each having_an accelerometer equipped inside
thereof, are individually dropped on résin 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
weighté are obtained. The obtained peak acceleration -
values are plotted against the static stress values to
obtain djnamic 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



measure maxi mum accel erations with respect to the respective weights. Such-
maxi mum accel erations are defined as "peak accel erations”. On the other
hand, the respective weights -are statically placed on the resin foans, and
static stresses generated by the weights are obtained. The obtai ned peak
accel eration values are plotted against the static stress values to obtain
dynam ¢ infpact characteristic curves. The eXperinents for obtaining Fig. 3
were conduct- ed using different weights respectively capable of generating
different static stresses in the range of from0.02 to 0.4 kgf/cn®2 on the
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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/cmz), the peak acceleration which is experienced by

the packaged article in the dropping thereof exceeds



I ndi cates the m ni num peak accel eration (load) which is experienced by the
foam (corresponding to the charac- teristic curve) when the foamis used as
a cushion packaging material for articles, such as household electric
apparatus etc. This mninmum peak accel eration indicates the nmaxi num

cushi oni ng performance which the foamcan exhibit. It has al so been found
that the peak accel eration which does not ®ause mechanical troubles or
damage on the articles, such as household electric apparatus etc., is

enerally 80 G or, less. Fi 3 cC rly.sho t hat . when_a foam havi,ng a
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suitable for use as safety packaging material for articles, such a
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 to 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. When the average cell diameter is less than

0.4 mm, the ratio of the compression stress generated



househol d el ectric apparatus. Further, as a result of the investigations by
the present inventors, it has been found that for nmaintain- ing the

cushi oni ng performance even when repeatedly sustain inpact, it is necessary
for foans to have a closed cell ratio of at |east 80 % Wen the closed
cell ratio of the foamis less than 80 % the ratio of the m ni num peak
accel eration sustained by the foamat 2 to® tines repeated dropping tests
to that at a one- tinme dropping test disadvantageously becones | arge and,
therefore, such g foam cannot be used as a cushi on packagi ng materi al

wi t hout a danger Jd’f ac‘hl%’?‘?ﬁl%’é?fhé’n’tne%taﬂoq riguthes W"tﬂ-‘éﬁm§fofa E£qamkaged
article. Further a result .of the investigations theefresent
inventors, it ha aI % ro‘éselno? o%(fll$aﬁ°m’ﬁ?sr’é§’p re[s(§ & dzd-‘h'rﬁ':]hl ck
foans to be used t,er necessary for,_.the
.foans to have an aver age %&ﬁ[@?& rorHa1 b érog"rﬁso tfci olafgt?’mﬁo ?1 E}P?e

[l di I td t |
average cel| di apfude | S A% Ausbd ™o WiSrd & Il P UBUARSION

stress generated I n an extrusion |rect|on in the pro
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-



by extrusion to the conpression stress generated in a thicknessw se
direction becones too large, so that the produced foamis caused to have a
cushi oning perform ance varied depending on the direction. Therefore, in
actual use of the foam it is necessary to carefully choose a direction in
whi ch the foam structure is used, which is cunbersone, so that the
commrer ci af val ue of such a direction-dependent foam as a cushi on packagi ng
mat eri al becones very |low. On the other hand, when the average cel

di aneter of the fo .S nore th 2.0 uch g foam has di.sadvantages in
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froma | ow density pol yethyl ene resin. For exanple, in Japanese H4-
ture, so that the range of optimum temperature for
extrusion becomes very narrow, leading to difficulties
such that good quality foams cannof 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 té 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.



8 363227A, it is described that since a propylene polyner resin has a high
crystallinity as conpared to a | ow density pol yethyl ene resin, the

vi scoel asticity proper- ties of the propylene polyner resin are likely to
change according to a change (even slight) of tenpera- ture, so that the
range of optinmumtenperature for extrusion becomes very narrow, |eading to
difficulti"es such that good quality foanms cannot be obtai ned because it is
not actually easy to adjust the tenperature of the resin to a tenperature
wi thin the above-nenti oned narrow opti mumrange. For solving these problens
of the above- menti oned¥ W19 dtheamesiubldiggliaaed ithdG A1/003 533 et hods

M 3632278, 11| AR CRAHEN HRSTRET POrRRAIRS 1 SIS AR SRR
foans having & ooh & S B T Beo M Y Arsdieds om
10 o 100 mm can die PhididieGedd) Wicldvkid3dnd leddhdltius e SRSl A3 g1PN 2
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| 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 sufface 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



the linear propylene polymer is used, extruded sheet foans having a

t hi ckness of fromO0.5 to 5.0 nm can be obt ai ned. 9 By using the resin
di sclosed in WO 91/13933, a good quality foam can be obtained as |ong as
the foam has a density of fromO0.04 to 0.4 g/cnferr] and a thickness of 5
mm or | ess. However, the technique of WO 91/13933 has a serious problemin
that when-t is intended to produce a pl ankl®oam having a thickness as
large as 20 mmor nore, the breakage of the cell walls (mem branes)

mar kedly occurs, so.that | osed cell ratio ish?rastically | ower ed. When
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_ g performance of the foam produced,” that scal el 1 ke concave-conv

portions as in WO 91/13933. More specifically stated, although
Japanese 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 mm cén 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 ﬁhe 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.



occur in the surface of the produced foam .and that the produced plank foam
is wholly deforned into a wavy shape (hereinafter frequently referred to as
"corruga- tion phenonenon"). Thus, good quality foans cannot be obtai ned by
t he techni que of WD 91/13933. On the other hand, when the resin disclosed

I n Japanese H4-363227A is used, substantially the sane 10 unfavorabl e
phenonena as in WO 91/ 13933 occur as mmjor problens. This neans that the
described resin proper- ties "nelt tension of 7 gf at 230 [err]C"' cannot

sol ve the essential problenms acconpanying the conventional resins as in WO
91/ 13933. More specifiBalngntioned abdvaoughtl apheecsse HAL 3B 2pecbhiai ns a
description that an extruded plank foam having a density of from0.018 to
0.18 g/cnferr] anﬁe%;ﬂﬁi%ﬁﬂ@sknoﬁaP¢%ﬂ$§0H%o38©©2ﬁh1%%% We Bb{h3H3d; actual
experinents shom1th%% a foan1havigg a thickness jncreased to_about 30 to
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g/ cnB or be from 0.005 to 0.03 g/cm> 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 laminéte foam, the

commercial value of the laminate foam as a cushion



| ess, the foam produced necessarily becones a plank or sheet foam having a

smal | thickness, i.e., a thickness of only 10 mmor |ess, so that the
produced foam cannot exert a satisfactory cushioning performance in use as
a cushion packaging material. In fact, in all of working exanples in

Japanese H4-363227A, which appear to con- tain a relatively sufficient
- disclosure for replica- tion, there are oﬂ?y descri bed foans having a
thickness as small as 2 nn1or | ess, which is believed to be ascribed to the

difficult technicak bac nd .a nti oned aboye. Hﬁs nti oned above,
with the use of PBf 968 FP Srdg; nge slNeEXpiﬁgge §g§§2F €and WO
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production conditions are enployed. Therefore, if a cushion pac agln
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of 20 mmor nore is desired, there has con- ventlonally been no ot her
measur e t han |aérabuengn@rease 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 td 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



plurality of thin sheet foans having a thickness of fromabout 2 to 3 nmto
each other by heating or by neans of an adhesive to obtain a |am nate foam
struc- ture. However, such a lam nate foamis di sadvantageous in that since
a connection layer connecting the adja- cent thin foans in the | am nate
foam structure is hard, a danger of inpairing or damaging an article to be
packaged s unavoi dabl e when the article isdXontacted with the hard
connection |layer of the |lam nate foam structure, that since a | arge
ani sotropy occurs in conpression stress and cushioningﬁgfnfornance bet ween
*der
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| eads to a consi gy, £ralls JANGESH dih quﬁﬁt;(g»}ﬂe%i O%he Ikﬂ(?t:ﬂ%l strain

above-nenti oned situations, the present | ntors have nade extensive and
intensive studi ehardening 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) 2 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 performénce 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



with a view toward devel opi ng propyl ene pol ynmer .resin foans exhi biting not
only high cushioning performance and nechani cal strength properties, but

al so |ight weight and excellent appearance. As a result, it has
unexpectedly, surprisingly been found that when a specific propyl ene

pol ynmer resin exhibiting a biaxial extensional viscosity of at least 4.5 Xx
106 poi ses” at a biaxial extensional strain ¥ 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 sup Ile xtruder (such a
resin i s hereinaft%*%r (Eﬁf%rffsrﬁpl} é?’@?’r}%’ntst d"%% g”r’ﬁk l%ﬂl’d“-'i he base

resin is subject nquln extrudq F | ene

pol ymer resin fof’}%%aw ng ‘%Je;rge t %@%& 6&51%%? ga)/ﬁ uded
propyl ene pol ymer, &5 dhd GRS '1?1 Y idd rﬁ)é itk &l ddded
by cell walls mhlch constitute a matrix erelrn he mat ri x

conprising a gp%mawfpruﬁﬁa%m Sl RiHidH) h P SEGRS! on-
al viscosity of at Ieast 0 x 10[err] poises at a biaxial €xtensioha
strain of 0.2, anthd ditcxdRntStappenhaicen-

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 td 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



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 foamis a single |ayer foam
having a thickness of at least 20 nm a density of fromO0.005 to 0.03
g/cnferr], an average cell diameter of from0.4 to 2.0 nm and a closed

cell ratio of at least 80 % This extrudedydropyl ene pol ymer resin foam
exhib- its 80 G or Iess in terms of the m ni num peak accel era- tion when

ted d the "Testing Meth- m ¢ Conpression for
Lgikggelgugﬁfgalgg NﬁFe §F§ne8rEE&Pﬂb?&tFdengRgggD%ﬁgG§PrF&Pmﬁt&ﬁdards

d" d._f ei ght _of 6Q cmon the
gg;ﬁ? $h8§35thgne§?Pu e Sgga%gsﬁgﬁerp 3 r&“&%ﬁgf g%]@%ﬂ?ﬂﬁfé BE only
hi gh cush- i oni ngrBecienTaRse paRka chagmg%ﬁy RAGLD. 07 BRCLLLES. (lly al so

has |ight weight and excel | ent app rance resen een
conpl et ed, basedmnJtabanaaavQnaagek:lfa'lnéltaaaaréscgJ ggbyozéspf AR nQP) ect

of the present invention is to provide an extrude pyl ene pol ynmer

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
charactérs 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



14 resin foam which exhibits not only high cushioning performance and
mechani cal strength properties, but also can nmaintain high cushioning

per formance even when repeatedly sustain inpact, and which has |ight weight
and excel | ent appearance. The foregoing and ot her objects, features and
advant ages of the present invention will be apparent fromthe foll ow ng
det ai |l ed description and appended cl ai ns t &Ren in connection with the
acconpanyi ng draw ings. BRI EF DESCRI PTION OF THE DRAW NGS I n the

acconpanyi ng draw ngsg,Fi 1.s_a pl.anatory.di agram showi ng the growth
of cells and fornatioﬁléfgg’fggnFPﬁ Eée‘vESﬁEFt&noggﬁnrgiPFEEFgﬁ SPQ%S
attached - to an extrud .4 i,n Lpsl.d d utside_of .the extrusion
region); Fig. 2 is anégx%hgng?oFyEggga%gﬁbs%8§?n89t%@eg?SﬁFﬁngfcegpPglénd
formation of a foamin thgj¥hCinity of an extrusion die attached to an
extruder (i.e., in the inside and outside of the extrusion region), where-
in the foam ng resin porPEIbivi pReBavireg properties represented by bent |ine
3inFig. 1is used and the flow pressure of the foam ng resin conposition
in the extruder is el evatAdghyg bficthestagerhpoe¥libhisoénthét éxtrusion 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 pérformance lowering index
R ﬁ After-compression thickness recovery
Et: Bthylene 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



Fig. 3 is a graph of dynam c inpact characteristic 15 curves obt ai ned
usi ng extruded pol yet hyl ene foans in accordance with the "Testing Methods
of Dynam ¢ Com pression for Package Cushioning Material s" prescribed in
Japanese Industrial Standards (JIS) Z 0235, showing the relationships
between the static stress generated on the foam and the peak accel eration
sust ai ned-by the weight in the one-tine welYyht dropping test, with respect
to resin foans having different thicknesses; and Fig. 4 is a graph obtai ned
usi ng the extruded propyl ene polymer _resin foamof the present invention,
wherein the rel ationship ?kﬂ%ékﬁ 3 ef 1o PEPES R t @t the £ 93RLRA SFRBRP Ny
performance | owering i ndex, ther wwth the relationsh,

between the ethyl - ene coﬂéﬁ%gﬁﬁl’;ﬁ)%‘; g%?@;q %"Frﬁré%s’rrbnt}ﬁ'li%’k%%ssl&écov-
O e e 10Ut ek LT E0R UL S AR st v e
of the extrusion die 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 X of 1.3
6 : Line showing the after—comﬁression 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 by 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 10°
poises and a biaxial strain hardening rate « of at
least 0.25, the biaxial strain hardening rate o being
defined by the following formula:
@ = 0.77 x (logN, - loglh) )
wherein’Zl represents the biaxial exten-

sional wviscosity at a biaxial extensional



C: Forward end region of the extruder D : Foam of the present invention,
obt ai ned using a specific resin FF and F' : Conparative foans obtained
usi ng conventional resins 16 El, E2, Gl and G : Cells in. the respective
foans QL and 2 : Extrusion rate of the foam ng conposi- tion P : Flow
pressure [err] : Angle of the taper portion of the extrusion die J : Peak
acceleration | : Static stress t20 : Dynami ¥8i npact characteristic curve of
t he pol yet hyl ene foam having a thickness of 20 mmt30 : Dynam c i npact

characteristic, curve of LUgBelyel Iyl e [op hautng. souby chgiess of S0 mm
thickness of 40 mm 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 fercentage 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 éged 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



K : Cushioning performance |lowering index R : After-conpression thickness
recovery Et: Ethylene content 1 : Curve showi ng the change in flow pressure
of the foami ng conposition in the extruder and in the extrusion die,
wherein the foam ng conpo- sition conprises the specific resin to be used
in the present invention 2, 3, 3' and 3" :_ Curves respectively show ng the
17 changes in flom/pressure of the foaningl2onpo- sitions in the extruder
and in the extrusion die, wherein the foam ng conpositions respec- tively
conpri se convent onal conparative resins 4 : Vapor pressure of the foam ng
agent in the ext LRTon reglon S 1 Line shomnng t he cushi oni ng perfornance

| ower- ing index of press{ 0 i ckness
recovery R of 95(t§ : L2581 O 14 1g

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 foaﬁ, 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 t 1 °C) arranged
so as to face each other. The sample, the overall
surface of which is coated with the silicone o¢il, is
placed between the two plates. After the plate temperx-
ature has been stably maintained at 200 t 1 °C, the

biaxial extension properties are measured at a biaxial



According to the present invention, there is provided an extruded propyl ene
pol ymer resin foamconprising a plurality of closed cells defined by cel
wal I s which constitute a matrix of the foam the matrix conprising a

propyl ene polyner resin exhibiting at a biaxial extensional strain of 0.2 a
bi axi al extensional viscosity of at least 3.0 x 106 poi ses and a bi axi al
strain hardening rate [err] of at |east 0.280 the biaxial strain har deni ng
rate [err] being defined by the following forrmula: [err] = 0.77 x (log
[err] - log [err]) wherein_[err] represents tbe bi axi al exten- si gnal
viscosity at a b|§RF5+neY?E9§+Eﬁan -Q1r88R of 0ThY, m%iﬂuﬁe?%BFesénggn?he
bi axi al extensi onal vrsc xte | onal tr

mhegebg t?e foantﬂéghén K%Eée%fa Feag?c 389 nhire s%@ﬂ egye?Poﬁgﬁ 005
t . ns,

;c?osed cglf rat?gt§¥eé%a?g§s %ba§;§£9 &%F§ﬁ1§ﬂ ?%ggéglqulgn%rggﬁsa
defined as the peﬁf§Q£§99e9£eﬁgfoM9i“Q@rQincbfsﬁgche'ﬁea?&féé.onFEQQ total

vol ume of the cl oS
ther, biaxial extensional viscosity7zl at a biaxial

extensional strain of 0.0l is measured. Biaxial strain
hardening rate o 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‘l, respec-
tively, and can be calculated by the following formula:
o = 0.77 x (log ¥, - log 721)

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"l

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,es a ratio of the diameter of the

extrudate to the inner diameter of the capillary.



cells and open cells in the foam The present invention-is explained bel ow
in detail. In order to nmake it easy to understand the present invention,

t he neani ngs of and neasuring nethod for various paraneters and properties
used herein for characterization of the extruded propyl ene polymer resin
foam of the present invention are sunnariégd below. In this connection, it
shoul d be noted that when neasurenent is ne wth respect to the foam a
test sanple foamis prepared by a nethod in which a produced foamis

continuously Suﬁbﬁﬁhﬁ'@mbﬁtagEE”Qhét s#@1hes g,eu&fsi hoh@euégﬁe Eagguus-

stabilized to show no vol unme change ratlo of nore than 1 % as asured with

respect to an a@&b haricl xpiahaebadahurr%ouar Tokyd0sdaxs. xTke ,stabilized
foamis used as est sanpl e foam (1) Biaxi al ext ensi onal Vi scosity

and Bi axi al straapahqr demotte &auast\ebh;liqugp@thttea,t Geedebambdeobft e
"bi axi al exten- sional viscosity", reference may be made to S.H Chatr-
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™l 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 -
inde# 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



aei et al., "Journal of Rheol ogy" edited by The Society of Rheol ogy, Inc.,
and published by John Wlley & Sons, Inc., US. A, 25(4), 433-443 (1981).
Measurenent is done in accordance with the lubri- cated squeezing flow

met hod, using, for exanple, liquid biaxial viscosity neasuring apparatus
BE- 100, produced and sold by Iwanoto Mg. Co., Ltd., Japan. 1In the
measurenent, a foam and a base resin usedZ2r the foamare used as .
sanples, in which the sanples are nolded with defoam ng into a di sk having

ubr fcant, & si | CEARECAEAE s #emEat 160 FraomesauEART0I(GP) -Shittoithe
et o B Rt e R
6119 1%t i A5 BRI ael, ALY 0 U s
rah P ohr o RIEA 1 B EIERIEERReR B g BfgTeetpel 15111
velocity of 0.01ssee¢kat!] andNeneBAKUAGIRD M/S QBQQduced 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 X.K.,
Japan). 1In 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



within 30 mnutes after placing the sanple between the two plates. Biaxial
extensi onal viscosity [err] at a biaxial extensional strain of 0.2 is
nmeasured. Fur- ther, biaxial extensional viscosity [err] at .a biaxial
extensional strain of 0.01 is neasured. 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 tinme peRBods for which the biaxial
extension strains becone 0.01 and 0.2, each at a biax- ial extension strain
velocity of 0.01 seclerrL, respec- tivel% and can_be cal cul ated by the
fol | owi ng for mul §onE18uLsiy, meagyred, [ | Whepoghe oribhony resinspEErudatene
"biaxial strain hardenipg,rate", reference nay, be o, ,for examle,

J.J. Linster et 9P®® P I?ﬁ%?EBﬁFI%tVﬁnal g,r%%?-3529§1%8%5?1%p?an§?§'
verlag. (2) Swel iyl ndetspon ThisPdEhbal BICKNS EEpBOhALREMBY:EXAEUGLEY LN
~propyl ene polyner resinin a nmolten formin a vertical direction at a shear

rate of 650 sec[@Q{hdih§reHel AgCoPhlmihaly¥ BAKEATJa8NchONRE1€l RBRESHNObE
2.095 mMmand a length of 8.0 nmto thereby obtain a ribbon resin extrudate,

wherein S is defthRedresin.r awhénothéheibbefetesinf ekbeu@its UPDéLkEOathe
I nner di aneter of the capillary.
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 7

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.



21 Measurenent of the swell index is done using Capillo- graph IC (produced
and sold by Tokyo Seiki K K, Japan). Mre illustratively stated, use is
nmade of a capillary having an inner dianmeter of 2.095 nmand a |ength of
8.0 mm A base resin (which has previously been nolded with defoam ng as
menti oned above) is charged in a barrel (maintained at 230 [err]C) by 10 to
20 g at atine and the charged resin is pushéd 2 to 3 times by means of a
pushing rod for deaeration at every chgrging of ;hehre5|n: TBe above t
operation is repeated til_the, charged volunme of the resin becones a

Igast 50 % of tﬁe innerpﬁ%P?ﬁEF{ﬁnt% PAPPE?] Thereafter, a piston i s noved

O h f, 65 th h
the capi 11 ary to obtaid %éﬁr‘?%%%ﬁxd%@%%&g@%ﬁ%%rﬂ%%mh 2¥ x@é{%mslfe‘#g
[ [ idd 1 e om surface
of the capi| Lary THAHERE B8 dinDOS L0l Oby hETLEF b 1 PRLPE °I1

W2, 095, The abovs mencir orear® | eho i TPrD 307 i el e 3 37 (he
charging of the ré&sntral 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 paral-
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 wvoid, 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 ratiq is measured substantially in
accordance with the method described in ASTM-D2856.
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:

T= (Vx - W//o) x 100/ (Va - wﬁa) (%)

wherein,

Vx: true volume of the foam = sum of the volume



(3) Mz and Mz/ Mv. Z average nol ecul ar wei ght Mz and nunber average

nol ecul ar wei ght Mv are individually neasured by high 22 tenperature gel
perneati on chromat ography (GPC). In the neasurenent, GPC nmeasuring
appar at us Mbdel 150C (pro- duced and sold by Waters Assc. Co., U S A) is
used, in which 1,2,4-trichl orobenzene is used as a carrier solvent, and
Shodex AT-80 M'S (produced and sold by Shows Denko K. K., Japan) is used as
a colum. The neasurenent is done under the follow ng conditions: solution
tenperature of 140 [err]C, solution concentration of 0,2 % (wWV and
solvent flow rate of 1 m/rh.the)repin eEnkhe foamaRtNEIR tQtabnknner

substantially in accordance wth th th di scl d

H4- 36;3227A, usi ng Capil | ogr8phie ?%r%c‘gﬂo%% C%%f #%a%%?’ﬁi ((RT.'BK). ,

Japan). In the neasur nt, | S, g capl | ' '

-diameter of 2.095 mm g‘%' a ?é‘?@f%é%fvgfwgm andét%%é%hmwjf%}gi%aésgg‘g‘éa in

the measurement of swell infex.$ f‘ﬁorﬁhé’ﬂ&egu{& %Q?éﬂ@ior(r@f Nt Nneghmt 230
of

[err]C) in the same nanner as I n the nmeasurenent
(cm3)

W weight of the foam (g)

/p: density of the resin of the foam (g/cm3)

The measuremeht 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-
gationlis 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



swel | index S. After confirmng that the resin is conpletely nelted, a
piston is noved down at a rate of 10 mimin 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 wnding rate, t tension of the ribbon resin
extrudate i s 23 continuously neasured. n the ribbon resin extrudate

does not break at a winding rate of 78.5 mimn or |less, the tension

e, L0l £ s od ¥ TR DA Sk

as the nelt tension e resin. onresin e eaks at

a wi nding rate ofgd@isfed A tite Qﬁé&ﬂbﬁ re]ﬁ“% m@pe‘%ﬁé | ngsLpy; 4 he ribbon

resin extrudate at the winding rate app rudate just before
the breakage of tdigpdsddudate is taken as the nelt tension of the resin.
(5) MFR The MFR (nelt flow rate) is neasured substantially in accordance
with JI'S K7210, at a tlewerageircell LHhdwsriNeandeng nedbdf @GdfdkHe

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 wvoid, 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, at the one-time

weight dropping test as the first dropping test, and

Minimum value J,y of the average peak accelerations in

the 2nd to 5th dropping tests:

Jy 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



(6) Thickness of foam The thickness of the foamis neasured by neans of
slide calipers, using a cross-section of the foam (which cross-section is-
obtained by cutting the foamalong a Iine perpendicular to the direction of
extru- sion of the foanm) at a central portion of the width side of the
cross-section. (7) Cosed cell ratio r: The closed cell ratio is defined as
t he percentage of the volune of closed cell27 based on the total volune of
the closed cells and open cells in the foam 24 [Preparation of sarple]
A regul ar rectangul ar parallel epi ped having a side length of 20 mMmis taken
by cutting from ¥edGhtsy IrﬁﬁﬂquﬁYQ¥YtQQP& ofigansinatimg ddififrederpor ti on
Is a central port| R .as detern1ned in a cross-section of the foam and used

as a sanpl e. d'fn fthe renge £f dron WarQZZ(Fonm a regul ar

rectangul ar paral I I eﬁ hav side length equal to the thickness of
the foamis used ‘dd %g?? Gt AFSs U& 36’2’ d‘fhet FesPeShiy® a void

of a weights are 1nd1v1dually dropped once from a height of
60 cm on the foam to obtain peak accelerations with
respect to static stresses, wherein minimum value Ji is
read from a smooth curve obtained by plotting the peak
acceleration against the static stress.

Jay 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 Jpy of the average 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 thickness&ise 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



si ze such that a sphere having a dianeter of 3 nmor nore can be
accommodated in the void, the foamis judged as having a void phenonenon
(disqualified), and neasurenent of the closed cell ratio is not done.

[ Measuring nethod] The closed cell ratio is neasured substantially in
accordance with the nethod described in ASTM D2856. Using true vol une Vx of
the foam which is neasured by neans of aer%gconparison type aeroneter

Model 930 which is produced and sold by Toshi ba. Beckman K K., Japan, the

I d cell tiQ i I > _fol L pw , = {VWx -
Wierr ) x 100/ fvatrSq 1 h Yeidunbln R r RALLS. SPHH TnptfLoned heToiram -
f th I ; | t | I
of the ol osed colTe & TRTT ook (ardp Bt o8 a8 E et rer B At e P '
which is calcu- katesd dropneéhgeoEi®h. di nension of the foam 3 (cm

[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/cm?. 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/cmz,
different static stresses (which are different by 0.01
kgf/cmz) can be generated, and so that with respect to
the static stress range of from more than 0.1 to 0.4
kgf/cmz, different static stresses (which are different
by 0.1 kgf/cmz) 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-



W wei ght of the foam (g) [err]: density of the resin of the foam
(g/cnferr]) The neasurenent is conducted 5 tinmes with respect to different
sanpl e foanms, and average value of the obtained data is cal cul ated. (8)
Qccurrence of corrugation (evaluated in ternms of average cell dianeter):
Cccurrence of corrugation is varied heavilg de- pending on the extrusion
net hod and the |ike used for producing a 3Iank foam and, hence, a
guantitative evaluation thereof is difficult to conduct. For this reason,

7 (e Bresent SaVEYRs PRSI ReR) 58! el ek BB URL i L

of the average cel Iane- ter (ave e sTinc

cl osed cel | s angdyqneneqelibsknthionh kb ShASgllght! el il Igsaccusince of

corrugation. The criterion for evalua- tion scCr bel ow.
[ Preparation of rzapRlce] tEhenkoa@spectile?ls?Re i B388sBSr ReBJI gubar to the

“extrusion direction of the foamto obtain a sanple 26 having a thickness
of 5 mMm in whi g¢htel§,0pdotted @dainst the static stresses to obtain
two smooth curves respectively for the first weight
dropping test and the Zﬁd to 5th weight dropping tests.
From the two respective curves, the minimum peak accel-
eration J; in the first weight dropping test and the
minimum peak acceleration Jpy 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; and Jpy (obtained in

item 9 above) by the following formula:

K = JAV/J].'

11. After-compression thickness recovery R:

The after-cbmpression 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



defined by the thickness and width of the foamis exposed. [Average cel

‘di anet er-neasuring nethod] (Gidline nethod) An enl arged photograph (x 10)
of the cross-section of the sanple is taken. A straight line is drawn on

t he photograph in a direction of the thickness t (nm of the foam The
nunber (L) of the cells in contact with the straight line is counted, and
the average cell diameter is calcul ated by3Phe follow ng formula: Average
cell dianeter (m) = 1.626 x (t/L) Wien the cross-section of the foam has a
void of a size such thaé % sghggeﬁ?aving a dianeter of 3 nmor nore can be
accommodat ed i n PhEIVBRG, PR 4MPE€SFudged as having a void phenonmenon
(disqualified), and nfgsurene%t of the avEr?ge cell dianeter is not done.
(9) M nimum peak acce FaPrsh 3?8r?% g8E™PhE&lone-ti ne wei ght droppi ng test

R L e

~accelerations in the _ I'ng tests: _ as a
m ni mum val ue of nRRAKragseliar #het peBpar8eRBAt b¥ehysaMpial 86¢ h¥aduring

predet er mi ned nunber of different werghts in the one-tine weight dropping
tests in which tbrepetdeedr petgédraymber of different

[Measuring method]

The thickness (T;) 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 (T;), 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 (T,). The
after-compression thickness recovery R is calculated by
the following formula:

R (%) = (T,/T;) 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



27 wei ghts respectively capable of generating different static stresses in
the range of fromO0.02 to 0.4 kgf/cnferr] on the foam are used and the
respective weights are individually dropped once froma height of 60 cm on
the foamto obtain peak accelerations with respect to static stresses,
wherein mnimumvalue J[err] is read froma snooth curve obtained by
plotting the peak accel erati on agai nst the ¥kt atic stress. J[err] is

obtai ned by repeating 4 tinmes the sane wei ght dropping tests as the
one-tinme wei ght ggﬁﬁgin test as defined above as the first dropping test,
obtaining four p *®ation values in the 2nd to 5th dropping tests

Wth respect to respe .égﬁﬁgl(ﬁ(@égﬂﬁf es, calculating average peak
accel eration val ues w respe 0 respective static stresses, and reading

i ni num val e JLerr]  qfeddie HATAGSS RRGs AGE AL AT I1PHASHRALL Cur ve

obtained by plotting the average peak acceleration val ue "agai nst the static

stress. [Preparat}Gh Gheamdsdidy ARG NG Eh it Cdgsfedipidhegbby the

di stance between opposite surfaces parallel to the extrusion direction of

the foam is cut pdtieadd)iCksessise Mit&fials" 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 (cmz) 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 Yp (average
value) generated in the extrusion direction and com-
pression stress Yq (average value) generated in the
thicknesswise direction are obtained, and compression

stress anisotropy Z is calculated by the following

formula:



tion thereof to obtain a section, so that both opposite surfaces of the
section (which surfaces correspond to the above-nenti oned opposite surfaces
of the foan) have 28 an area which generates a static stress nentioned
bel ow when a wei ght is dropped on one of both opposite sur- faces of the
section. [Measuring method] Measurenent is3@ne in accordance with the
"Test- ing Methods of Dynam c Conpression for Package Cushion- ing

Mat eri al s" prescribed in Japanese Industrial Stand- ards (JIS) Z 0235.
Measurement s are conduct ed Zaf ¥gd¥ipe stresses in the range of fromO0.02 to
0.4 kgf/cnerr]. A predeterm ned nunber of different weights (each having
an accel er onet er 1dqui Ped&it¥srde thgofoam: and a predeterni ned nunber of
sanpl e foans having different surfaces are provided, so that with respect

to the static stress LARGEAFALAPBNPE. §2mPded. 1 kgf/cnferr], different

and S0 hat i th T espleBeRE end o BREPBFe 42 then SANE! MEPBRENaR “ERdh 16 1

to 0.4 kgf/cnferthe HAlatation' 8t €nt' baipTe E4Y Rladte:idy’ tRe*tosea
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 viécoelas£icity
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 « 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



by 0.1 kgf/cnR) can be generated. The respective weights are individually
dropped under gravity 5 tines on a foamfroma height of 60-cmat intervals
of 30 seconds, to thereby neasure peak accel erations sus- tained by the
respective weights by neans of the accel- erometers. The peak accelerations
obtained in the first weight dropping test yhth respect to the respec-

29 tive static stress, and the average peak accel erations obtained in the
2nd to 5th wei ght dropping tests with respect to the respective static

stresses are, sepanveateby, Rhel{€dc882h88Lcig éhéihétéi:i@é§é§ £ﬁe9QB§' n
two snmooth curves respectively for the first weight dropping test and t

2nd to 5th wei ght céxegppbadiagt o EhénhbbeeLM@ntQSﬁGﬁtvygcﬁdlagﬁlcEHQ
m ni nrum peak accel - eration J[err] in the first weight dropping test and

t he m ni num peak ahaeheteristidfeof] the mher2rdresiht Areergpredenppindy
tests are obtained. 10. Cushioning performance |owering index K= The
cushi oni ng perf or aahtexlisheekhgnshdealKkviscobisyned atoieahd ¢abues 16P
J[err] and J[err] (obtained in item9 above) by the follow ng fornula:
poises at a biaxial extensional strain of 0.2, and a
biaxial strain hardening rate o« 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 propylené polymer resin having the above-mentioned



= [err] 11. After-conpression thickness recovery R The after-conpression
t hi ckness recovery R is obtained by applying a pressure to the foamin a
t hi cknesswi se direction thereof at a rate of 500 mmimin to thereby conpress
the foam by 90 % of the original foamthickness, relieving the foamfrom
the pressure and allowng the relieved fogmto stand for 24 hrs and recover
the thickness thereof, and neasuring the retov- ered foamthickness,
wherein Ris defined as the per- centage of the recovered f oam t hi ckness,

gg?rg?eoinst gfeparsgﬁ€rf ‘?fl n‘??aj;# : thé’eséf?e"[ Rl e Oﬁn’no‘%}ffzc r%eg%jrrgt I on
f le f . | Th
'?hi 2kﬁ2rsrg ((aT[ gﬁ r r%eaé ﬁ% f&elrf Pfeq@eemqfésédne%%&eré@%ssure 'S g(%)fpl [ Zd to

the sanple foamype f&%wm&we&ﬁ [gf 1éHle Pd BhfePredih
mimn to thereby u?ﬁforrﬂy conpr ess the oam A)o?‘ap * S

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). 1In 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



original foamthickness (T[err]), relieving the sanple foamfromthe
pressure and allowng the relieved foamto stand at 20 [err] 2 [err]C and
at arelative humdity of 65 %for 24 hrs and recover the thickness

t hereof, and neasuring the recovered foamthickness (T2). The
after-conpression thickness recovery Ris c§lculated by the foll ow ng
formula: R(% = [err] x 100. The neasurene P is conducted with respect to
three different sanples, and an average val ue of the obtained data is

cal cul ated. 12. Cagmpgssion1s! kEstoARLSOL! 9BYaZ ek PERPRELLEN L S3RLE] A

sanpl e i s prepar € sa er as-use preparatron o

sanpl e for m?asurama,tBetabeﬁegegioﬁlofekhgf é&'teusi%/ﬁ?ﬁgéiaﬂd”&t £88a g

Measurenent is done in substantially accordance wt "Testing Methods
of Static Conpreseh@nrbgiohaskaghRe Cagbiraabpy MatiehbatsiinessshbRfdth8r-

Japanese I ndustrial Standards (JIS) Z 0234. A pressure is

: ebelow respectively show the changes in flow pressure
of foaming compositions in regions (A), (B) and (C) at
an extrusion rate of Ql1, 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
resinl3 (see Examples given below) (MFR: 1.9; a biaxial

extensional viscosity of 6.7 x 108 poises at a biaxial



applied to the sanple foamat a loading rate of 10 nmmmn to thereby
conpress the foam by 25 % of the original foamthickness. At this point,

| oad V (kgf) and area U (cnR) of the conpressed surface of the foam are
measured. Stress Y is obtained fromthe values of V and U by the follow ng
formula: Y = V/U 1In each of the extrusion direction and the thicknessw se
direction with respect to the sanple foam 8fe sanple foamis conpressed
separately, each of the stresses generated in a plane perpendicular to each
of the directions_are npasured with respect to five sanples, and average

val ue of the obt SFFETIPRAT sSEER Y @f e¥: 27naRd 2 Jhbrekal oftErtRshaxgenr]

I ted in th trusion, direction and conm  pression
g?¥2229$[g?rre%a8§$§g§agﬁlﬁe?£g§h§¢afgﬁe¥%l?hEh?h?k%ﬁ%%%wﬁ%%a rRR¥EBR~ar e

oDt Bt 1 SOGSEARD PhISSEAARLLERN . SpSR S e nd
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 o 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 10° poises at a biaxial extensional strain of 0.2,
and a biaxial strain hardening rate o 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



[ Preparation of sanple] A sanple is prepared in the same manner as used in
the preparation of the sanple for nmeasuring the closed cell ratio.

[ Measuring net hod] Measurenent is done in accordance with the nethod
prescribed in JIS K6767. As descri bed above, one of the nobst inportant
features of the extruded propyl ene pol yner é?sin foam of the present

I nvention resides in the viscoelasticity charfacteristics of the resin
constituting the matrix of the foam of the present invention (which resin

is h i naf t f I t - | L. LfLcall
tated. the mtri kP earnis; CoRRFEd, Sof ene "Bhtbel EbRe | colBE EERE LRET

the foamitsel f) Bgama8rteaiyycasitiablat chhp&¥BtbibSrapersfhSed for
vi scoel asticity characteristics, which are Pepresented by a bi axi al

extensi onal Vi SCOprbiu@ingt theagbnveRtXonll CE6AMBO| £E6waprés Sudi Broper-
extensional strain of 0.2, and a biaxial strain hardening rate [err] of at

| east 0.25, wheretbeshefbthsi abmparativeardephngréateprésdrtededyhbestn.

Wth respect to the base resin to be supplied to an extruder for producing

the foam of the piléseat2 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. 1In general, the
crossover points of line 4 (indicating the vapof 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 produciné 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 El1 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



33 invention, the viscoelasticity characteristics thereof corresponding to
t he above-nenti oned viscoelasticity characteristics of the matrix resin are
represented by a biaxial extensional viscosity of at |east 4.5 x 106 poi ses
at a biaxial extensional strain of 0.2, and a biaxial strain hardening rate
[err] of at |least 0.30, wherein the biaxial strain hardening rate is
defined herein. In other words, the present 3Bnventors have found that, by
conbi ning the use of the above-nentioned specific propyl ene polyner resin
(base resin) with the bel ow nentioned nodified extrusion foam ng net hod
devi sed for achi etha§ khei AErEASdc| FeehB FPohﬁpﬂégguf@roPrPﬁBC#BEnﬁhg resin

conposition in th extr and suppressing.the occurrence _qf foam
thgpextru5|on di e’ ?ﬂeogxgﬁﬁspﬁﬁs?ggnFﬁﬁe &H&n?§ﬁ+8ftﬁhéuﬁgéFﬁeE§ng38
successful ly inprgy i.t . has _been re ed to rov id

propyl ene pglyggrgrgg?ﬁé?gaﬁfgﬁgfﬁéeﬁrggeﬁPPPﬁsgﬁt?gﬁ RRERRT QHﬁbP?s t he
fol |l ow ng excelleﬂhtggaggrkbgﬁ ng.densMy of fromO0.005 to 0.03 g/cnB, an
average cell dianeter from 0 to 2.0 mMmmand a closed cell ratio of at

LgaSt 80 % even at a &HagbhekﬁgeesﬁsaislQEQSr@ﬁtaErbﬁaﬁiggolU”khe

rei nbel ow, explanation is made With respéét to
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 proberties 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. 1], so
that the lineal velocity of the composition (being
foamed) in the extrusion direction 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 cpoled 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 surface 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



the difference in extrusion foam ng nechani sm between the propyl ene pol ynmer
resin having the above-nenti oned 34 specific viscoelasticity
characteristics, which resin is a base resin to be used for producing the
.foam of the present invention, and the propyl ene pol yner resins which have
been used _as base resins in the conventional, techni ques for producing resin
foans. Fromthe expla- nation, it wll be derstood that not only is the
production of extruded propyl ene polynmer resin foanms very difficult, but

al so such excel | g{}e &334 . Prfdir dé@g%%olélrgga £5 A d %ﬁ%%cﬂ%é&?d by

the present invention cannot be produ y th ove ment 1 on
conventional techyHMiesns BcuPsin 'iﬂ@@@ﬂaé@%ﬂ”&&fp%d&i hsho By

producing the extruded propyl ene polynmer resin foam of the present

invention resi desxhe fNiassd NEF e OBCHtidERAR I fPPhdhddd dm the
extru5|on die (such foamng is hereinafter frequently referred to as

"intradi e foam ilegld .rdgipn of stisn exphmiadreldiali ag@rameh@thyy tHendyy owt h
of cells and formation of a foamin the vicinity of an extrusion die of an
extruder (i.e. irthehecakks deresent 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-



and the outside of the extrusion region). In the graph of Fig. 1, the
ordinate indicates the flow pressure (P) of a foam ng conposition (m xture
of a nolten resin, a foam ng agent and additives, and hereinafter
frequently referred to sinply as "foam ng conposition”) in the extrusion
region. In Fig. 1, characters A, B and C 35 respectively designate a

| and regi on of the extrusion die, a taper r&@ion of the extrusion die and a .
forward end region of the extruder; and bent |ines shown ther- ebel ow
respectively show the changes in flow pressure of foam ng conpositions in
regions (A), (B) SHRPIE)IIRW R She (ERamingt conpoit igh i wninhethvRmghg

- ti bl f ) di hi ghl ded, f havi
donsi ty as smal | SRS NAPRERILR AP 05 YRR TS La G (IR PEReRT g, 1,
i 4 (dot-and- i ne, ) ' t he bent 11 i hdi cat t he vapor
prossure of the (aamh SHdEEEh s NS RO Thartnd UM SPBOSEL he
temperature of the&xtIusin bedlffy INACSEe D Hdh 1 fss) opales @

foam which is being pro romthe Toam hg conposition conprising base

resin 3 which is @ SpSCidis, rasd biddt: Ul B rd ive 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 108
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 108
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 polyethylene resin is used. Accord-



ducing the foam of the present invention, and diagram nmatically _
Il1lustrates the process of growh of cells. Characters E1 and E2 desi gnate
the cells generated in the foam ng conmposition 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 foam ng conp05|t|on which is used for
producing the foam of the present i nventi o#d whi ch base resin is identified
as resin 3 (see Exanples given below) (MR 1.9; a biaxial extePS|onaI f
viscosity of 6.7,x 1 poi ses .at .a bi axi al 36 extensional strain o
0.2, andya bi axi &% s%% tﬁkhdfﬁ@ﬁtﬁg 1PQtQY[§P€]P§§56n$813m%&ﬁ9rﬁrtﬁe

blaX|aI strain har i s def.in hereln Bent lines .2 and 3
respectively sho% %ﬁ’é’ el?ané’é’ yr“ﬁrf Rolms Z‘éé’ Ig% 1 FETEDEHAPE ti ons

Tave been used 1 G ErRA o CetURnEroRd 'y&?‘a'? HRe8.afoar gt Hace rosi n

having the f|0m/@&Q%%%@%n%ﬂpgﬁ&%hﬁﬁo&e@rzx %PE%dsB%cgg Eul&? F%od%ced

identified as resin 12 (see Conparative anpl es given

commerci al |y avaiwhedl et a8 relgMiRed0td edshilgXbabag¥kensiondhnyi o
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 explahatory 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



cosity of 4.2 x 106 poises at a biaxial extensional strain of 0.2, and a

bi axi al strain hardening rate [err] of 0.22, wherein the biaxial strain
hardening rate is defined herein)]. The conparative base resin having the
fl ow pressure properties represented by bent line 3 is identified as resin
14 [a commercially available resin (MFR 3.2' a bi axi al extensional
viscosity~of 2.5 x 106 poises at a biaxi al %tensional strain of 0.2, and a
bi axial strain hardening rate a of 0.44, wherein the biaxial strain

har deni te i : . . TS
ardening rate |s?gggéggg erﬁh?é%°aﬁiﬁﬁlg$ﬂp?ﬁgt%%“'é°ﬁ999§§ﬂ§ that the

specific base restnto use pro I ng am of "t he present

I nvention exh!bitfegiﬂhiﬁlenépéﬁﬁfﬂaérpiQD@léb&ﬁearB?rsﬁeﬂéasiﬁg emat |ine
1) in the entire extrusion 37 region as conpared to the conpositions

conprising the cogpesasabhyraval | aphgtcospasatouningstompasedibar cpmeduci ng
t he conventional foans (flow pressure proper- ties of the conparative resin
are represented bprbenhgl thesc@mpadaBjiveebpset reslin) haFiog Elgw pressure
al so apparent that the foam ng conmposition of the specific resin to be used
for producing theptopexrstiesheepresented 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



I nvention exhibits high flow pressure beyond the vapor pressure of the
foam ng 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 foam ng
agent) and the bent lines (showi ng the chang®s in flow pressure of foam ng
conpositions) are the starting points of cell nucleation. According- ly, in
the case of the faqam ng conposition conprising the specific resin to be
used for prodUC|n Jﬂﬁ%g3oan1of t he present i nvention (flow pressure

properties of the speci resin are re ented, b bent I|ne 1 he
occyrre?zf of f?ﬁning :I f%L yfgab §§%dn?ﬁ2 I g tﬁ%ﬁn °% he
regi on , SO cells egi in to e enerat.ed on en the foam.n
_corrposit t] Ion r eachI sr%%surf 24D ,@am% ‘?fe%te'? é?? S Qd}ter%i]g%%]at??y
grown to large ce

above, it wll be Aulﬁadglﬂ% %?e bsqg%pﬁ E‘f%{%lde%&s%;% OC{ecé Ir% Si % g%@%u}’sjétgl?%r

producing the foampfedde; f £FENW £ | e L0 ECH %ég%.o?{’f(fvhﬁcg{'tsﬁéﬂ‘v rate

vi scosity properties to suppress the occurrence
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 both 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
properpies 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 celle G2. However, in the case of
the foaming composition having the flow pressure

properties represehted by bent line 3’ in Fig. 2,



intradie foamng. In contrast, as is apparent fromFig. 1, the conparative
base resins used for producing the conven- tional foans (flow pressure
properties of the conpara- tive base resins are represented by bent lines 2
and 3) do not exhibit sufficient flow viscosity properties to suppress the
occurrence of intradie foam ng. Wen such a conparative base resin is used
for producing a foam foami ng occurs in the4#egi.on (B) [the process of cel
generation in region (B) is not shown in Fig. 1], so that the |ineal

vel ocity -of the conposition (being toanedg in the extrusion direction is

i ncreased in the PBERBAS(BRCaR¥LFRSAO0RERER AEWREEr EQAMLNG EBTPORAELRES t he

presoure, 1 Lhe | Q8TLOBSRIACBLL LAY LRRTTIKERL LNELES of° iAo' SoHhboR,
D oam (0ot PERRACER) ghe kB anCSk 80 Bt O LALEBRSRATt o8 chUE | |
oo, et oot hRE g EEASG foPhe O QubERGEUN Bcual hEplagTebapoRt
thickness close tgjbHeigi 388i®teliN€n 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 Qhenomenon"). . Therefore, when



39 die opening. Furthernore, a scale-like concave-convex portions occur in
the surface of the produced foam by the influence of the friction which is
produced in the | and region of the extrusion die. On the other hand, the
cells present in the non-cool ed portions of the extruded product at an
I nternal central portion thereof still continue to grow. As a result, in
vari ous por- tions of the foam an interna#3stress is | ocal |y gener- ated,
which is foll owed by the occurrence of relief of the stress, so that the
relief of the stress is.likely tp cause corrugatiaon of the resultant foam
t her eover. For t%%‘iu?gh%%ng, ?rg?r?lf‘ a%bﬂ%a??tﬁb@“b%%%? Ahs'TRBY for
produci ng the co I ppa (f L DI €St e ] es

0Dy efth! PO n{ OREES %%@%&% ép?é‘é c%f)pl.egé%cicﬂné@ebe

conparative resins are repré- sente en I nes and good quality

f oans cannot be Qgﬁfﬁgég; Jﬁfcﬁb?geé”§Q£i8@§gp€ﬁ$iéﬁ?”ce in flow viscosity

properties between e conparative resins an e specific resins to be

used for producing thgsfgafsaehre hEoPr £§SEPLnd NvieNs | ISBaOt s Pej &li scussed,
based nerely on the difference in, for exanple, MR property or nelt

tensi on propertycbet@aeeabliets eshtbeaddetipe eafdiint YL sl havec heale fiflg i dea

such that since the increase in flow pressure of a foamng resin

conposition extragent (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 Gl are 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-



ed in the extrusion region should depend on the exten- 40 sional flow of
the foam ng conposition flow ng through the taper region (B) of the
extrusion die, the exten- sional viscosity of the resin of the foam ng
conposi - tion should be taken into consideration. Fromthese viewpoints,

t he present inventors have nmade intensive studies on the flow viscosity
characteristics of re- sins, based on the b#éxial extensional viscosity
param eter. As a result, the essential points of the above-nentioned

di fference have been nade clear for the first tine. IIIustratlver st at ed,
it has been found“FREFSIABY PREShasEnr EBrnotbey hepdprbBacrRyla PEaAPRAS a

bi I I it st 4.5 o] t bi I
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wor ds, when the propylene po resin
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 wvast 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



used for producing the foamof the present invention is used, the
occurrence of the intradie foam ng can be effectively suppressed to provide
a good quality, thick foam even when a conventional extrusion foanm ng
appara- tus suitable for a polyethylene resin is used. Accord- 41 ing to
the investi-gation by the present inventors, a propyl ene polyner resin
having a bi axial extensional viscosity as harge as 15 x 106 poises at a

bi axi al extensional strain of 0.2 can be successfully produced. Wen it is
required to easily produce, by neans of extruders having various functions,

foams having varrej9bs ADEPBOEMEBLER1{ Bx€kR88dS6GLI 6F tRkeBx8k@Bdoa |ine
vertical to the extrusion direction) and having | arge cross-sectional

areas, it is desreghba,tandseaasedstd fawvwngnd beasmel laxgensednsl E2,
viscosity of from6.0 x 106 to 15.0 x 10[err] poises at a biaxial

ext ensi onal strasa tha. 2xphiestipnt b€ thet eelilsi bycotst ae sbbnl by anructure
enriched with relatively large closed cells" as another inportant feature
of the extruded espansfionhdopneszapreaennedohywrharpetexpPai and bheow,

referring to Fig. 2
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 préduc—
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 109
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 requirement such that it should exhibit a biax-
ial strain hardening rate o 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



illustrating the behavior in the extrusion foaning of the foanm ng

conposi tion conprising the conparative base resin. Fig. 2 is an explanatory
di agram showi ng the growth of cells and formation of a foamin the vicinity
of an extrusion die attached to an extruder (i.e., in the inside and

out si de of the extrusion region), mhere-irhéﬁe resin having the flow
pressure properties repre- sented by bent IThe 3 in Fig. 1 is used and the
fl ow 42 pressure of the foam ng conposition conprising the resin in the

extruder is el evadie iy 1dHF L5 IHMddM X iy A% 'RIAnalHe Iesj.’n,a WA Ng

conposition com prising the conparative base resin having oW ‘pressure

properties represantaty E kY grdisylend) gdi§melr iredived ustid ithhe Xt rusi on
rate of the foam ng conposition is elevated to 2 to thereby increase the
shear rate to be compemtdmmed Hoanse doeanineg: eatiedit istuch Hegdigendntddhe
fl ow pressure of the foam ng conposition in the extrusion region is shown
by line 3'(3"), and t & geniiengd edidve artdet Ipeefsematinyendfors fheara i n t he
i nside and outside of the extrusion region are diagram '
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 o" 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-



matically shown. In Fig. 2, line 3 represents the flow pressure properties
exerted by the sanme foam ng conposition as the foam ng conposition
corresponding to line 3 in Fig. 1, and the generation of cells and the
process of growth of a foamin the outside of the extrusion region are
shown by broken Iine F'. Line 3". represents the flow pressure properties
of the foam ng conposition having a conpone conposition nodified so as to
i nprove the retentivity of the cellular structure of the foam produced from

t he ' di to b | 3,
ormation of 1ot RotHener b ey A oM I D BReFETC o4 by

solid line F' wit to the case of 43 line 3". FromFig. 2, it
can be understoodp?igﬁgfﬁé'flow1pressure of a foam ng conposition can be

control |l ed by changinglﬁhghéhﬁfés 2L & { ENCeeh dYabdree GREPOSOAE@N | N t he
inside of the extrusion reglo i ch shear rate is varied dependi ng on the

extrusion rate of ihgefeR8k EBH §SSELEFONPOSHS | Psin ebidVELUOiIhdIEtHEe
openi ng si ze) and? accordingly, it is possible to suppress
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 108 poises at a biaxial extensional strain of 0.2),
contributes to the suppression of a floﬁing of the cell
membrane of the resin which is still in a flowable
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, fhe requirement
that the biaxial strain hardening rate o 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-



the intradie foam ng by appropriately selectlng an extrusi on appar at us to

be used. The possibility of controlling the shear

unlimted,

if the econony of the apparatus is neglected. Therefore,

rate appears to be

in the

.case of both of the foanming conpositions respec- tively having the flow
pressure properties represented by bent lines 3' and 3" in Fig. 2, as in
‘the case of the foam ng conposition having 30he fl ow pressure propertles
represented by bent line 1 in Fig. 1, the foam ng of each foam ng

it [ t t he region
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represented by bent line 3" in Fig. 2,

se t
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e extrusion rate of
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produced foamin an extrusion direction is increased,

poi nt of expansi membfanhte hemihggunewpasthickness have been formed

so that the starting

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 108 poises for a matrix
resin of the foam), and a biaxial strain strain harden-
ing rate o of at least 0.35 (at least 0.30 for a matrix

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



tion is shifted in the extrusion direction and the pressure of the foam ng
conposition is rapidly lowered. As a result, a nunber of mcrocells are

i nst ant aneously generated and, at the sanme tinme, the outer surface of the
resultant foamis rapidly cooled by the | atent heat of the foam ng agent

whi ch heat is generated at the foam ng, to thereby harden the produced foam
rapidly. Therefore, the foamthus forned bedones thinner than the foam D
shown in Fig. 1. Furthernore, in this case, another serious problem occurs.
That is, in the proc- ess in which the produced foamis cool ed and

har dened, the cel9esidl Ihawinem ddfaxial rxtsnsiemadeMisdositiye ofoarh ar e

mar kedl y broken to cause a co ni cati on between the cell%, | eading to a
rapi d | owering oft@afF & deb L&l IPFifas. (amdeastodud ol 0of pRisesminwiang a
nore increased thickness is, intended, the above cell conmunication
phenonenon cause&‘%’f%e"%&éé&lﬂ ) AY a\/\éﬁllaé‘liagl [SHER henenigie
pronoted to an exteyl & qp .cQnb-l i ke void structure i.s pr ced

t 0
in the foam (thisp eﬁ%#%né%hféEﬁ%f%?%éf?@ﬁlffkdﬁﬂﬂﬁl ﬁquépﬂéﬁaﬁﬁaég‘%#oid
phenomenon”) . ThenQiPrf.4 & 0.6+ 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 o as iarge 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 foaming agents include an inorganic



production of a foam having a thickness of at |east 20 nmis intended, a

hi gh closed cell ratio cannot be achieved, which is a serious problem As a
nmeasure for solving this problem it is conceivable to increase the anount
of a cell nucleating agent (to be added to a foam ng conmposition) to the
sane | evel as used in the foam ng conposition having the flow pressure
properties represented by line 3", so as to®4ncrease the closed cell ratio
of the resultant foam However, when this nmethod is used, cells GL begin to

b ted only, when the foani it hes. the reqi A d
Che ool | 1 are ISR FETHE o (LA oL HE GPbi e e d9ercAnd T
th f the fpag By [ no. - '
ropr ssent od by | ‘e oniER ibd Rodid Bdedt Tithe A B 7Yy
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m crocells thus generated are cooled rapidly by the latent heat of the

foam ng agent (whirdh diegdoden GRNES - SH S Bic tdigarPads D) itht 85 Zat 85l T,

the outer sur- face of the extruded product is inevitably caused to be

rapi dly har dened.tyjgaisfodniiendgents zin®@fuddea gt ic dauheastdxbdres f | xed

before the growth of cells is com pleted and, therefore, each of the cells

becones fl at and sush tds gamepanef ntmtaw) tarutfawmn ipenisne mnd hex-
ane; alicyclic hydrocarbons, such as cyclobutane and
cyclopentane; halogenated hydrocatbons, such as tri-
chlorofluoromethane, dichlorodifluoromethane, tetra-
fluorcethane, 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



46 creased any nore. On the other hand, the cells . present in the non-cool ed
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. Wen
the stress is relieved, corruga- tion occurs over the entire foam so that
a wavy, plrank foan1conpr|3|ng small cells i83necessarily forned as shown by
F' in Fig. 2. In other words, in the production of highly ex- panded foans,
ase resins which have been used for:

;PgdﬂgﬁngfCZESeﬁonFe%hgﬁéé% ﬁﬁa#lablgﬁgtE%l? %%%%nﬁ%ﬁ@%d@%ya¥h%m%%HEsira[

br eakage. and *cor T4 uggﬁ. ogeéhenoﬁgy”% oFRat AR ”é’C%gqn%m?a#«et o o

m crocells are g? %bgg{l ﬁgéé%’taﬂ% ’f atqp t %]Er%ar&cli have

a satisfactory th ness I n b acorr on- o

real i 7o the | J%é‘?‘.’%ﬁ%%%ﬁé‘ﬁ?i%%a*?‘2%%%‘?%%‘?? M f‘f%%f*#‘é‘%’%ﬁ‘%%*& 1 [in
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 (6) 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 tfpe 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
&ithout increasing the extrusion rate of the resin, it

is preferred that a base resin having a swell index S



whi ch the specific base resin having flow pressure properties represented
by bent line 1 is used (present invention)]. By contrast, in the present

i nvention, an appropriate nunber of mcrocells El generated-in the 47
region A are snoothly extruded out of the extrusion region, and caused to
grow and becone large cells E2, so that ex gnsion of the cells occurs as
shown by an expansion | ocus represented byg haracter D, and the cells are
cool ed and fi xed as an assenbly of substan- tiaIIy spherical cells enriched

with closed cellg %Prrﬁb@e %é@ (Jt_];( tﬂf dgl?an&hél'h%” iffﬁcﬁ&?es' n the

above poi nt betmeen e speC| se‘resin use pro ucing the foam of
the present invehtioReafgcthe Pééfnr&f'éls e tifes
conventional foans I1s in that the fornmer as t "CQ%ablllty of form ng

cells enriched W& 6tosceespl 18 Adyivlor ﬁ@'@ﬁévﬁﬂéé’ dRrgepLopyeées and.
retentivi- ty of the cells", whereas the |atter does not have such

properties. In opdﬂeymwrﬂssmheabasleermsé\ te€in § oexpiletitiondiga thtakdam of
the present invention satisfies not only a requirenent such that it should
exhibit a 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 preferred 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



bi axi al extensional viscosity of at least 4.5 x 10[err] . 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

al so a requirenent such that it should exhibit a biax- ial strain hardening
rate [err] of at least 0.30 (with respect to the matrix resin of the foam
the biaxial strain hardening rate is at | eaSy 0.25), wherein'the 48

bi axial strain hardening rate is defined herein, where- as any of the

ropyl ene polynmer_resins used in the conventional foans does not satisfy
Euch requi r enent s?°££°‘ﬁtﬂ?i Bagdeesp veont hemed eschiven nikrieke sEPrm chas ez uned

t hat the di sadva heponena_"byeakage of, cell walls of the foam and
ce?l coﬁnunicatig%ﬁgggﬁé?giﬁg $ﬁ f% S%oﬁééﬂ?Ldﬁ%ﬁ“f?&ﬁﬁé%ﬁﬁ%ﬁ@ YWEf?%ﬁ{se
f | and hay deji er epf e 3e the fol,l ow wo,degects
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of cell menbranesgdowsy @RceddSOI B, which is defined by the formula X

= Jay/J1, wherein J1 is a minimum peak acceleration in
the first weight dropping test as mentioned above, and
Jay 1s a minimum peak acceleration in the 2nd to S5th
weight dropping tests as mentioned above. Therefore,
such a foam cannot be used as a cushion packaging
material without a danger of caﬁsing 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 avérage cell diameter of the foam is less than
0.4 mm, not only does the corrugation occur, but alsoc °
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 foém is caused to have a cushioning perform-

ance varied depending on the direction. Therefore, in



t hi ckness in the course of growing of the closed cells". Based on this
presunption, they have consid- ered that in view of the fact that the walls
of closed cells are constituted by faces, at |east the biaxial properties
of the resin, i.e., "biaxial extensional viscosity" and "biaxial strain
hardening rate a" of the resin, should be |ngortant, and have carried out
inten- sive studies for developlng a resin ¥ ving the capabil- ity of
formng cells enriched with cl osed cells haV|ng a relatively large diameter

and the retentivijy, of,the,cs Iéh?oropragfyl %§§QEY$%EB€?"5§¥§¥511Y 49

devel oping a base resin suitabl e tci pr opy

ene pol yner resinfgam 2nds £OMPL & edh the eét?é'tfé%}gg. £Q0ald {he,prgsent

i nvention, the above-nentioned properties Tor specl resin

constituting the miéhxlé'cﬁnbefiﬁnéfatééxtﬁ%'me Oéoxﬁxk@réi)ﬁ“@éfué’%f ved
fromthe properties of the base resin used for produc- ing the foam In the

base resin to be ssenl 4 0diPs@ELSH MepdeddRRFSdm tde PrOSSHHon NYLMkAPingt he

requi renent that the
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; 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, fdr maintaining a cushioning performance
(represented by a minimum peak acceleration J; 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 ratib of the foam be at least 90 %.



bi axi al 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 flow ng of the cell nenbrage of the resin which is stil

in a flowable state. By such suppression of fhe flow, the cell menbr anes
are rendered so tough as to be sufficient to withstand the surface tension

th f, that the cell nbg anges n broken in the course of cooling
angrﬁgrdeﬁ?ng thereof.f%hF?ﬁé %tEirgiéé%,é%?%}?iékﬁ§tm%h%h?féztfwgegba?kﬁlh
trai n hardeni r o) .

feggggt ?g ?Rgn%a f?§Y¥§g§np§;y%ﬁ§ oaﬁ? %ﬁ%ﬂﬁ$aX|d€ é?é%%% h%?%%%?h%nrate

is at |east 0.25)is CoMbimh pUkiRsrd th andi £OT40 b0 p bé&%éé}g Qf?tél&rgféﬁe
menbrane resin which is still in a flowable state, so that ce Menpr anes

having a uni f or m ¢dntémessnd athd ecd sh iRk nd hpSr £ Gt i CENSwd AP eI n §SL Tk S

advant ageous effects al so when unfavorabl e cell nmenbranes having uneven

t hi ckness have beeh sheowmdtogether 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 0.0l 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



during the extension.of the resin. That is, even when such unfavorable cel
menbr anes have been fornmed, a high extenS|onaI viscosity is exerted in the
thin portions of the cell menbranes due to the strain hard- eni ng, so that
not only are the cell nenbranes prevent- ed from becom ng further thin, but
al so the extension of the cell nenbranes at thick portions thereof having

| ow extensional viscosity is advanced to t eby sup- press thinning of the
cell menbranes on the whol e. Thus the | ocal breakage of the cel

menbr anes, which d r at, the thin portions of the cel
menbr ane, can be ;??Cgvlelgtﬁén ngursgrc%sst‘lﬁ‘? cc?olthﬁ %gﬁﬂl & Geni ng of

the cells. From e figag. 's%vm'fétcsmfnorth%&%tfcfeo QB4 okl o0V

havi ng a hi gh cl ose ratio, I'S nore referre e a base resin

having a biaxi al ey oy ‘Hﬁ%@@ fo‘z(:;.%f:.n%tl 'f%i&%F t@u.@khelv.@[ e&rdlllé%'z.%‘?_;s (at
| east 3.3 x 106 poises™for a matrix resin of the foam, and a bi axi al

strain strain hargen-fdang frame the' predfsudie lao@Sta1d 0¥ ngathkeasll i@vaQ for a
matrix resin of the foam. It is nost preferred to use a base resin

havi ng a bi axi al fedren Gtandyifoeo4t hWrel adid Ireasiver G@he tOH6 choesss (at

| east 4.0 x 106 poises for a
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



matrix resin of the foam) at a biaxial strain hardening rate [err] of 0.2,
and a biaxial strain hardening rate [err] of fromO0.40 to 0.60 (fromO0. 35
to 0.55 for a matrix resin of the foan). The present inventors have
succeeded in producing a base resin exhibiting a biaxial strain hardening
rate [err] as large as 0.70 (0.6 for a matrix resin of the foan). The foam
of the preésent invention can be produced b$9subjecting a foanming resin
conposition conprising the above-nentioned specific propyl ene polynmer resin
and a foam ng agent to extrusion foam ng. For produc- ing the foamof the
present inventi oANCEREEE ©4nthe ekfesfsdbacrmeRogradnpddatekbpysitbylene
foam ng"” in which a propylen ol r.resinis nelted with a foam agent
in an extruder aFoRtg§RtY 8fpé QgﬁréngnHerﬁFg tored &?e%%ﬁtpﬁaﬂﬁ5et§%Foaning
resin conposition, an% t he pr.o- du%ed toaning resin.congosi%ion i S cool ed.
The cool ed resi nY€8mSds F6n s CPREALBIAALSEEYI-PER tRe BBYRPERISPUEN 1D
extrusion die undger, | r eSSyl ' .extrus di.e .} Vi he
forward end of t%§9b§ﬁg% e%ﬁoﬁagﬁgggkggﬁ rfggkggPegécgéggﬁﬁih%%%ﬁqé%%ruded
propyl ene pol ymen nf ¢iiehf @2 BushiBARhES pair£bealhee AU Bei RakNYEiABd at

I nor gani c
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 108 (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 10 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



52 foam ng agent, a volatilization type foam ng agent and a deconposition
type foam ng agent. Specific exanples of inorganic foaning agents include
carbon di oxide, air and nitrogen gas. Specific exanples of volatilization
type foam ng agents include aliphatic hydrocarbons, such as propane,

n- but ane, i-butane, pentane and hex- ane; alicyclic hydrocarbons, such as
cycl obut ane and cycl opent ane; haIogenatedsﬁydrocarbons, such as tri-
chl or of | uor onet hane, di chl orodifl uoronet hane, tetra- fluoroethane,

di 1 uor oet hane, oiGhharO! il QOSHY (A T lepahle@hiede nasky

me hl
chl oride and nethyl ene chlori ecific éexanples o 8Econp05|t|on type

foam ng agents ipcligde s2E0WECA R2N3TABn FHIY hWAIURRINng how a low
t amet hyl enet et ram ne, azobi si sobutyronitrile and sodi um bi carbonate. The

above- ment i oned mo@Bula R aRiletyTRbnRe ikutds d héuakierage wdleemlianation.
" The foam ng agent is used in an anmount which has conventionally been used

for production ekight off alits redinh r Sipee the piopyipakrapedymed condi tions
for the production of the foam of the present invention, it is desirable
t hat the foll ownegins ed imdadwves doavealtdionadlly beeaasiseg ifloer pProdug-essur e
- of the foam ng resin conposition in the extruder and in the extrusion die,
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°. 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 in 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



and for suppressing the occurrence of the so-called intradie foanng. The
first neasure is to use a heat 53 stabilizer to be added to a base resin
in an anount which is about 10 %l arger than the standard anount generally
enpl oyed, thereby inhibiting the ultrahigh molecular noiety (which noiety
is the nost inportant feature of the base resin to be used in production of
the foam of the present invention) fron1IoW%¥ing in mol ecul ar wei ght, which
| owering is caused by cutting of the nol ecular chain thereof in the

extruder as nenti fﬁk , e second neasure is to control the internal
t enperat ure of tﬁgpex Bﬁédlgl\r,éé B t ih t3te qte?fea&q AU HMThdFesIGE? et ai ned
I n the extruder q&ﬁﬁgPOt exceed 195 [err]C. The third nmeasure is to sel ect
an appropriate extruder screw so that the stress generated in the nol ecul ar

chain of the resin begoresy q&@,gj{vytq}%%%ﬁ]ngqﬁgprtqééa%} Efsired to

.adjust the taper angle ([err]) Which I's” at to a forward
end of the cylindgntfiddiea 26w Uiled RS Fidiet) P ADUNGAURIIAL t4 about

50[err]. The above-nentioned conditions are varied, depending on the type

of the apparatus welllbeas 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 gquantitative

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



used. Therefore, it is preferred that those conditi-ons be confirmed in
advance by prelimnary experinents. In the production of the foam of the
present invention, for increasing the thickness of the foam w thout

i ncreasing the extrusion rate of the resin, it is preferred that a base
resin having a swell index S 54 of 2 or nore be used (in this case, the
swel | index S of the matrix resin of a foanf#o be produced becones 1.8 or
nore), in addition to the use of a propylene polynmer resin (as the base

resin) exhibiting | AX] nsional viscosity and biaxial strain
hardeni ng rate atcg%gégﬁégi?gﬁégé as nentioned above. Particularly, for

obtaining a foa”‘hayin@i@hdfé§bé¥tffgaéﬂétstQZP?Qiﬁ”{Srﬁ% @diai£h£ﬁéness

of at least 30 mm it Is espe-"cla preferred To use a base resin having

a swell index S Opr8séntOifvEntisn| it £858esihEdS¥RAL Eﬁ@%éﬂfbéhﬁ
-matrix resin of a foamto be produced becones 2.0 to 3.5). The extruded

propyl ene poIynerpr@@fbeﬁeapbbiméher@$ﬁﬁeﬂéviﬂ?e@tiﬂﬂe$ﬁ5céﬂﬁi§@§§£ibﬁ,

foam ng characteris- tics, i.e., a thickness of at least 20 mm a density

of 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 substantially
without impairing the preselected critical properties
of the resin. Further, it is noted that in the methéd
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



fromO0.005 to .0.03 g/cnferr], an average call diameter of fromO0.4 to 2.0
mm and a closed cell ratio of at |least 80 % The foam of the present

i nvention exhibits 80 Gor less in terms of mininmum peak acceleration in
the first weight dropping test according to (JIS) Z 0235 as nenti oned
above. Such a foam can be advantageously used as a cushi on packagi ng
materi al for household electric apparatus afd the |ike. Further, according
to the experinments conducted by the present inventors, the 55 fol | owi ng

h been confirned, Ev if.the foam has a thjckness of at |east, 20 nm
mﬁZn She dens:ty gﬁ%?egﬁeiil?%gg PTRRY $eBR P FREErFTe of OFRed %18 %an 0. 03

/ , th i opi | i ng jndex. K di sadvant.a- ly
dxconds 15, wni citeEELEH, BERMD ST EEa  SUEOA ) tﬂ‘ﬁiéﬁrﬁéﬁivﬁé‘[%ﬂ?ée%«z a

I ni Kk t QP44 ' L ght : | t.est i one
above ana [err] FREE'adAihE LHE 11ARind R g0 MR (1S R OO
dropping tests asch&{thi pped. Abe¥encHIY f 04 Sr18adyd SPARE AP, BEatised as

a cushi on packagi ng material w thout a danger of causing nmechanical trou-
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



bl es and damages of a packaged article. Also, when the foam has a cl osed
cell ratio of less than 80 % the cushioning performance | owering index K
al so di sadvan- tageously exceeds 1.5, so that the foamis of. no prac- tical
use as a cushion packaging material. Further, when the average cel

di aneter of the foamis less than 0.4 mm QP only does the corrugation
occur, but also the conpression stress ani sotrophy Z (which is defined as a
ratio of the conpression stress generated in an extrusion direction in the

production of a fﬁﬁfﬂ%ﬁg"é‘tﬂ&%}itz%éi%t 8 ot%rs]ZLinog,h e 2% Irlg&e%__i n a

t hi cknesswi se direction)” exceeds 1.5, so produce 0 caused

to have a cushi orjatd de e dBioHGes \EnREARPEMIthG PRdeendll It QL
Therefore, in 56 actual use of the foam it i1s neCessary to carefully
choose a directi glem-Natteh ddta Iyeamist ldlPdliyinard 2a%9@n Weiss1 having a
cunber sonme, so that the commercial value of such a direction-dependerit foam
as a cushi on paclfdgiaty best gricatideec onith eerstilrawr Q@selhe forhexaigld, when
the average cell dianeter of the foamis nore than 2.0 nm such a foam has
di sadvant ages i n UnegamigedlapanesenPatent 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 mosec‘z, a titanium- and

aluminum-containing compound represented by formula

(1):

TiClz + nAlCl, (1)
wherein n is from 0.1 to 0.4; and
an ester represented by formula (2):

rR1-0-co-r? (2)
wherein R1 represents an alkyl group having 1 to 8
carbon atoms, R? 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



surface appearance poor, but also the touch of the foamis unpl easant due
to the large thickness of the cell wall, so that the commercial val ue of
the foam becones |ow al so. Further, as a cushion packaging material for a
breakabl e article (which is extrenely easy to break and hence requires a
cushi on packaging material therefor to exhiggt 65 Gor less in terms of

m ni mum peak accelera- tion [err] in the first weight dropping test as
menti oned above), it is preferred to use a resin foam having a thickness of
at least 30 mMmin addition to the above- nentioned physical properties.

Further, for mainbalBb8a.2 eH8NEeRSROSRALLOLRRYGELEREBRCHLCHO R BLRINI MUM
peak acceleration [err] in the first weight drOopping test and a cushioning

per f or mance Iomerhngekndenthiahsasd@ﬁiEﬁdt'en&'Fol?méiiﬂéﬁi@ﬁrﬁéekgﬁkethe
density of the foambe 0.015 to 0.025 g/cnB and the closed cell "ratio of

the foam be at | east £26m%30 to5%0| RgFtg?,4the goapheehkatned tvemperhbare

extruded propyl ene polyner resin foam of the present invention is shown,

wherein the rel at ienfiep B8OwsenlRhe®€t hghdnehe 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 (MFR;) 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/cmz, 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 (MFR,) of from 1/4 to 1/6 of the viscosity
(MFR;) of the propylene polymer resin obtained in the

first stage polymerization.



.content and the cushioning performance | owering index K is shown together
with the relationship between the ethylene content and the

af ter-conpression thickness recovery R In the graph of Fig.. 4, the

| ef t - hand_ordinate indicates the cushioning performance | owering i ndex Kin
the range_of from1.0 to 1.5, which is graduated at 0.1 intervals; the

ri ght-hand ordinate indicates the after-coﬁ%?ession t hi ckness recovery R in
the range of from90 to 100 % which is graduated at 1 %intervals; and the
absci ssa indicates the ethylene content having a logarithmc scale in the

range of from0.01 to 40 g&@%’#ﬁ%@- ené‘.&?ecjl nﬂ’%%%%@%%%{%@%élw'e open

circles represent values 0 e cushionrng per K

and the closed cif¢l £s sQps@sEMy v A 15 S S LR et 8 Gless

recovery R Line 5 (dot-and-dash Ii1ne) represents

respect to the customylée NSs I RSP NS 10WEEAhdddBX the Aubdid&saddr oken
line) represents the | evel of 95 % as an acceptable level with respect to

the after-conpregsilymenizdkniss irectheryarye At nbirdm AMEGREV e Hhe

after-conpression thickness recovery Ris _
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



58 obtai ned by applying a pressure to the foamin a thicknessw se direction
thereof to thereby conpress the foamby 90 % of the original foam

t hi ckness, relieving the foamfromthe pressure and allowing.the relieved
foamto stand for 24 hrs and recover the thickness thereof, and neasuring
the recovered foamthickness, wherein Ris defined as the percentage of the
recovered foam thi ckness, based on the oridithal foam thickness. Wen the

af ter-conpression thickness recovery Ris less than 95 % a thickness
recovery of the foam after fabrication by conpression cutting using a bl ade

(which Ts one of dlieARaess) 00 E! o o foare), becomes unsal] sfactory.

so that the foam canno e fapric

apparent from Fi q_.ng4,org9{§%r ' e. tdNg %f@é%%@'dh%t&ofﬁ |,anjng

performance as | owas Ss I nterns of cushioning p rmance

| g i ndex Ko  bi L | " POt i
owering index K.yl @XM Dbl i ,?t%]ﬁﬁc&ﬁ@rdis%l% (¥ Cé(e%dl?éer

recovery after a specific fabricati o com pression, such

fabrication by comyessi deddtidrt NGhotghd oRX e YafifdASHy HiRle  hhd
matrix resin of the foamto contain ethylene. The effects of the ethylene

conponent begi n tuheel k) bi trattaatd el et i ane it wat r0Prb 10mi% by

wei ght, and remarkably increase at
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 thé 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. Examples
of usable olefins include ethylene, l-butene, an isobu-
tylene, l-pentene, 3-methyl-l-butene, l-hexene, 3,4-
dimethyl-l-butene, l-heptene and 3-methyl-l-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 composiéion. _Examples of
crystal nucleating égents‘for a propylene polymer resin

include an aluminum salt of an aromatic carboxylic



the ethyl ene content of 0.05 to 4 % by weight, and the 59 increase of
the effects becones 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

cushi oni ng performance nust be maintained at_a high I evel even when a
package repeatedly sustains inpact, and in bBe field of processi ng cushi on
packag- ing materials by a specific fabrication with conpres- sion, such as
a fabrication by conpression cutting using a blade. In the present

: | cation _ . n Lecul
weight (M of et FagE EBnER At BhERL o) P hd PR e B SRR T
tography (GPC). |&ehd, d8sHH2RLE, LERY £h§?§%§x§e§£f{:“oforpé’€he§f§ b 0L

produci ng the foam of the present 1nven a propyl enée polyner resin

‘having an M of a(zl@?S&iBtXbﬁgflpﬂéﬁ$f§@@i&pﬁoégﬂgéeE0 f@&%hé96 {fn the

case of the matrix resin, it is preferred that the propyl ene pofl ymer resin
have an Mz of at desbted, X£306coRtLdBl dngbtie 2gendPHridn 20 Xcd PP, and an

Mz/ Mv val ue of at
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.



| east 10, preferably 10 to 50 (in the case of the matrix resin, it is
preferred that the propyl ene poly- ner resin have an Mz/ Mv val ue of  at

| east 5, preferably 5 to 25). An Mz is used as a criterion for eval uating
how a hi gh nol ecul ar noiety contributes to the average 60 nol ecul ar

wei ght of the resin. On the other hand, an §4vis used as a criterion for
eval uating how a | ow nol ecul ar noi ety contributes to the average nvol ecul ar
wei ght of the resin. Since the propyl ene polynmer resins which have
conventional |y been usedBEST MODEUFOR CARRYINGTOU® Mok ¢EVENTrIoN NOi ety of
ul trahi gh nol ecu- lar weight as high as at least 1.0 x 107 in a |l arge
anount, it is presuned that any of the conventional propylene polyner
resins does not have &haiprdsent | bmsenBion MEl]l The desoeitoed afn tdeeater
above-nenti oned ul trahi gh nol ecul ar weight noiety in the resin has the
foll owi ng three ARGrkhgekth ¥eierencs creithel fplbypying Refeuymialresi ns
do not have. The first advantage resides in that a high biaxial strain
hardeni ng rate cdHPIR$H HXFRILS andfempara bR Banpesu seh i el

nol ecul ar chai ns q{ sqfh an ul t rahi gh nol ecu] ar_ npi et
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
texrms 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 AN Use is limited
than 0.7 mm (slight corrugation
phenomenon is observed)

2 0.7 mm O High commercial value
(no corrugation
phenomenon is observed)



are easily entangled with each other. The second advantage resides in that .
a high biaxial extension viscosity can be achieved in a foamto be
produced. The third advantage resides in that a high swell index S can be
achieved in a foamto be produced because the elasticity of the resin in a
nol ten form becones high. The Mz/ Mv val ue ¥®epresents the breadth of a

nol ec- ular weight distribution. In the conventional produc- tion of a
resin foam the use of a base resin having an 61 Mz/ Mv val ue as high as
at least 10 has Wr%wmw1wwm|q;@m Weight he base
resin contains a IOM/nDIecuIar moiety in a |arge anount as well as the

ul t rahi gh nol ecur=aEHy PRS-  SERAPDING U8B Y he copresence of

t he | ow nuol ecul ar nolety, the shear viscosity of the foam ng resin conpo-
sition to be used in the production of the foan1of t he present invention

does not becone espi.te . the hi ent 1GiRmol ecul ar
m)letylnther&%‘{g Q’ds MM it [/ Mv
value as high as & dgast 10 is advgptageou5|lhnusable for cushion

packaging materials
for ordinary household
electric apparatus

> 65 G and TAS Usable for cushion

S 80 G ‘ packaging materials -
for ordinary household
electric apparatus

< 65 G @) Usable for cushion
' packaging materials
for fragile household
electric apparatus

Cushioning performance lowering index K

Remarks (use as cushion

packaging materials

in applications in which

the packaged articles
Criterions Evaluation symbol sustain repeated impact)

> 1.5 - X Unusable
> 1.3 and FaN Use is limited
£ 1.5

£ 1.3 O Usable



that a | oad sustained by the screw of the extruder for use in the
production of a foam can be suppressed to a |low | evel. However, in general
the accurate quantitative determ nation of an ultrahigh nol ecul ar wei ght
noiety in a resinis difficult, and it is rather easy, accu- rate and
recomendabl e to evaluate the content of t/ie ultrahigh nol ecular noiety in
aresinin terns of the viscoelasticity characteristics of the resin, i.e.
a bi axi al extensional VISCOSIty and a blaX|aI strain hardening rate. For

t he above reaso#s mp e Nt thaeckness ‘

resin are ex- pressed in terns of the above nmentioned viscoelasticity 62
characteristics. Wth respect to the base resin to be used I n the present
invention, it iSIiterions nEvalgatd eRarkse (§ pE

a |linear conflguratlg The reason for this is explalned b%Iow When a
propyl - ene pol ymsr 3 edi n having a inear conf fis O¥e COMPRESted in

an extruder, a lowering of the biaxial extensi u§5 SiRG 2 | overing
of the biaxial _ anking %ﬁgdz cannot

be conducted

2 95 % O Fabrication by compres-
sion cutting using a
blanking blade can be
conducted

Compression stress anisotropy Z

Remarks (commercial

value of the foam as

cushion packaging
Criterions Evaluation symbol materials)

> 1.5 X No commercial wvalue

£ 1.5 O Valuable

Qverall evaluation

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 Remarks

Foam having X No commercial value for
evaluation use as a plank foam

X for omne having a large thickness
item or more :

Foam having AN Low commercial value for
evaluations use as a plank foam
OandA, but having a large thickness-

no evalua-
tion X



strain hardening rate are snall, as conpared to the resin proposed in the
above-nentioned WO 91/13933, i.e.,-"a specific propylene polyner resin

. conprising a major noiety of a linear propylene polyner and a m nor noiety
of side chains highly branched fromthe |Iinear propylene polyner"”.
Therefore, as the base resin to be used f@2 producing a foamin which the
properties of the resin after a nelt kneading is inportant, a resin having
a linear configuration is a quite suitable resin, which can be processed
into a foam sub&eam havipgwi t hout Qnpai ri ng t hHighesommpersdadr vailyel
properties of tB¥alBatAonkirther, it is noted £RAtupR aReanPlhd& di scl osed
in WD 91/ 13933 6% pLéddd&PR§ t he above- men- ti §@am hagéagrs Ac 19FELyI ene

pol ymer resin conprising a najor noiety of a IFHéSknﬁﬁépylene pol ymer and a
m nor noi ety of side chains highly branched fromthe |inear propyl ene

pol ymer", the side chains._ highly_ branche .63 fromthe._linear propyl ene
pol ymer are forMMZ%O%%R%PFORF@W&F&FOPQ}%FFI%/ s
bel i eved t hat during the linking of side chains to the main chain (i.e.,
branching), a cl"&%: 53 of the main chain

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 criterion. 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-presc;ibed polymerization conditions for
the first stage and second stage polymerizations were
not satisfied. Further, 3 types of commercially avail-

able resins were pro%ided as resins 12 to 14. Resin 12.



is likely to occur, so that the viscosity of the resin as a whol e cannot be
rai sed and, therefore, it is inpossible for the resin to have an ul trahigh
mol ecul ar wei ght which contributes to the high biaxial extension- al
viscosity of the resin to be used for producing the foam of the present
i nvention. Cenerally, as described in UneXa@m ned Japanese Patent
Application Laid-Qpen Specification No. 6-192460, the determ nation as to
whet her a resin has a linear configuration or a branched configuration can
be conducted using a nolecu- lar weight distribution curve which is
prepar ed, based in adPod YpropyieRepyresiopd Bdiiod. mepuipstagede agst sold
m nation, when a rise_like a _camnel's, hu i s present in the nnleculﬁg
wei ght di st ri bufModselly Chemicadi JRARAESUICH mdtGht PEgRoT ERS o3 t he
resin is judged .,as having _a branched strugcture,, whereas when no _such .rijse
[ present . the bhod PUYHGRIAFAR TRRihg B h U eareRuracTUEad gd Fpdd
preparation of 8 |.e I I+ L ES) e a b resisn for
produci ng the f(;% m 05%’15; ilher&ﬁ?ngsc)eég I.“r?s“?n | o%og'dn%lﬁ)%qdo?gg%?léd%%%, orJ'rill
exanple, a 644 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.
MFR, 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.



t wo- st age pol yneri zation nmethod in which the polyneri- zation reactionis ~ &%
conducted in the.presence of Zie- gler-Natta catalyst in a polynerization
vessel having a fixed bed provided with a stirrer (see, for exanple,

Unexam ned Japanese Patent Application I d- Open Speci- fication No.

4-226109 corresponding to EP O 463 406 ). Specifically, the
above-nenti oned two-stage poly- nerization can be conducted using

Ziegler-Natta cata- |IFystt which can bg gptlai ngd bl i Xi verd zi ng,
by nmeans of a vilpratliggjball @i}l .at la p*lve i zi hg-acd of Y5 to 55
msec[err], a tiltani|ug |ald a{f‘um‘\‘\umci?nt aPni rg cSPpoy {ent@l by
formula (1): [erlr] .| Beqr{ (1) vhergi ™ h Ts| from ;. ghd an
ester representdd by—efrrt-a—(2)y—terrt N - [ ] r]
represents an allkyl |gPoyp hawbng*l tq & garbon af 6%s, |{[erf]“repfesehts a
phenyl al kyl group hgviind 4 {oo1f cgar How- at@ms @&r| ar phgny |goup|lhavdng 7 to
14 carbon atons,| wher @  ehe +of al ndnben of {carbon atlors |is 18for ] ess.
[ specific exanpljesydf edter$ represent- ad by formulal(2) lincl udle e et hyl
val erate and et ||ph9ﬂ)|bU1X£atQ3] As —a |nmol ¢cul praweilght jcgntrol Iing
: - - - .
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65 be used. The first stage polynerization . is conducted under conditions
such that the polynerization pressure is from30 to 40 kg/cnferr], the

pol ymeri zation tenperature is from 100 to 120 [err]C, and the average
residence tinme of the mixture of the reactiofpgsystemis from1l to 3 hours,

to thereby obtain a propyl ene polyner
1

from1l-14g/10 mn. Subs
control- ling agent is r

obtained by the first pg
pol yneri za- tion under d
from10 to 20 kgf/cnierr
[err]C, and the average
systemis from3 to 5 h
i n an anount of from 10
propyl ene pol yner resing
pol ymeri zati ons, whereir

(Continued)

Table 1

]

resin having a viscosity [err] of

enoy
reduced to 0.005 % by nmgle qr5

IynPr%
ondi

he pol yne

resi
urs,
to 208

21.
26.1

18.
22.

10.
14.

20.
21.
.48

- Base resin used for producing foams .of
Examples 1 - 17 and Comparxative Examples 1

29,
39..
.54

9

Resin 1 [Resin 2 |Resin 3 | Resin 4 |Resin 5 | Resin 6
15.
10.0
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obt ai ned after the second stage pol yneri zation has a viscosity (MR2) of
from1l/4 to 1/6 of the viscosity (MR[err]) of the propyl ene polyner resin
obtained in the first stage polynerization. = 66 In the above-nentioned

t wo- st age pol ynerization, it is especially ggportant to control the anount
of the propylene polyner resin obtained in the second stage pol ynerization
in the range of from10 to 20 % by wei ght, based on the total anpbunt of the
propyl ene pol yner resins obtai hed I, (e, T LST Stage pnd second stage

pol ynerizations, in order to obtaip a propy?kné@pnﬁyneffresin havi ng the
above-nentioned advantageous charaft-rf filcst jit-e}, .nptNagnly specific

nol ecul ar wei ghts, and specifi¢ no E? | ar (wel ght di®tfibution, but al so
desired specific, viscoelasticity aractarisd ties ekertled dependi ng

t hereon. When the propyl ene polyner ® gsi-i {i s« & gopaky[ma« (of propyl ene and
an olefin other than propyl ene} suctg Lgthxjeng, an plefin gas other than
propyl ene can be added, in the secogfh tagercIynﬁQSZati n, to the

propyl ene polyner resin obtaingd ih filrst |stage
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pol yneri zati on. For exanple, when the above-nentioned ol efin other than
propyl ene to be added to the propyl- ene polyner resin obtained in the
first stage polyneri- zation is ethylene, a propyl ene-ethyl ene copol yner
resin having specific viscoelasticity characteristics which are essenti al
in the present invention can be readily produced as |ong as an ethyl ene
content thereof is fromO0.05 to 8 % by weight. The above-nenti oned 67
conditions for the polynerization nay be vari ed depend- ing on the type of
apparatus used for the polyneriza- tion (i.e., norphol ogy, structure or
size of a polyner- ization reactor, norphol ogy of an agitating bl ade, and
the like). Accordingly, it is desired that a prelim- nary experinent be
conducted in advance using a poly- nerization reactor to be actually used
for preparation of a base resin, taking the above-nentioned pol yneriza-
tion conditions into consideration. In this case, the viscosity of the
propyl ene polyner resin in each poly- nerization stage can be used as a
criterion for con- trolling the polynerization conditions. In the present

i nvention, the propylene polyne
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‘resin can be a propylehe hothnyner or a copolynmer of propyl ene and an

ol efin other than propyl ene. Exanples of usable olefins include ethylene,

1- butene, an isobu- tylene, 1-pentene, 3-nethyl-1-butene, 1-hexene, 3, 4-

di net hyl - 1- but ene, 1-heptene and 3-nethyl -1-hexene. O these, ethylene is
nost preferred. In the present inventionggfor facilitating the hardening of
cells of the foam a known crystal nu- c?eating agent for a propyl ene

pol ymer resin can be added to the foam ng resin conposition. Exanples of
crystal nucleating agents for a propyl ene polynmer resin include an al um num
salt of an aromatic carboxylic 68 aci d, dibenzylidenesorbitol, a
substituted di benzyli- dene, sorbitol, and a sodiumsalt of nethyl enebis-
(2,4, -di-t-butyl phenol)aci dphosphate. Further, if desired, for controlling

the generation of cells, a cell nucleating agent can be added to the
foam ng conposition. Exanples of cell nucleating agents in- clude inorganic

powders, such as talc and silicon oxide, organic powders, such as zinc
stearate and cal cium stearate, and fine powders which are deconposed
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by heating to generate a gas, such as citric acid and sodi um

hydr ogencar bonate. Further, as in the case of base resins for producing
conventional foanms, customary additives, such as an ultraviol et absorber,
an antioxi- dant, an antistatic agent and col oring agent, can be added in
a desired anount. 69 BEST MODE FOR CAl NG OQUT THE | NVENTI ON The
present invention will be described in greater detail wth reference to the
foll owi ng Referential Exanpl es, Exanples and Conparative Exanpl es, which
shoul d not be construed as Iimting the scope of the present invention.

Eval uati on was nade with respect to each of var- ious properties of the
foans obtai ned in Exanpl es and ‘Conparative Exanples. The eval uation of each
of the properties of the foans was made according to the foll ow ng
criterions. Cccurrence of corrugation phenonenon (evaluated in terns of the

average cell dianeter) Remarks (commercial Criterions Eval uation synbol
val ue of the foam
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< 0.4 mMm X No commercial value (drastic corrugation

phenonmenon is observed) 0.4 nmto | ess [err] Use is limted
than 0.7 mMm "~ (slight corrugation phenonenon i s observed)
[err] 0.7 mm [err] Hi gh comrercial value (no corrugation
phenonenon i s observed) 70 M ni num peak ggceleration J[err] at the
one-tinme weight dropping test as the first dropping test Remarks
(comrercial Criterions Evaluation synbol value of the foam) > 80 G

X UnusaBkampde tushi on packaging materials for ordinary househol d
el ectric apparatus > 65 G and Usabl e for cushion [err]
80 G Resin 1 paskfigdngatmeerdtesofob0okdi paryheuwasetol d

el ectric apparatus
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 tetrafluoroethane/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 foamiﬁg composition into the accumula-



[err] 65 G [err] Usabl e for cushi on packagi ng
materials for fragile household electric apparatus Cushioning performance
| owering index K Remarks (use as cushion packaging materials in
applications in which the packaged articles Criterions Evaluation synbol

sustain repeated inpact) > 1.5 % Unusable > 1.3 and
Use is limted [err] 1.5 [err] 1.3 0 Usabl e 71
Af t er - conpression thickness recovery R Criterions Eval uation synbol
Remar ks (processability) < 95 % X Fabricati on by

conpres- sion Cutddr)d thd hud tilnyn g1 &b loFd &t @xtetusiont aiduqthedr iy %

Fabricati on by conpres-
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; of peak accelerations in the
one-time weight dropping tests, cushioning performance
lowering index K, after-compression thickness recévery
R and compression stress anisotropy % accorxrding to the
methods described above. Results are shown in Table 5.

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-



sion cutting using a blanking'blade_can be conducted Conpression stress
ani sotropy Z Remarks (comrerci al val ue of the foam as cushi on packagi ng
Criterions Evaluation synbol materials) > 1.5

No comrercial value [err] 1.5 O Val uabl e Over al
eval uation On the basis of the above evaluations, the evaluations of the
foans obtained in Exanples and Conparati v82Exanpl es were nmade as fol |l ows:

Criterions Evaluation synbol Remar ks Foam havi ng X

No conmercial value for evaluation use_as a _plank foam
X for one mentloned evaluatjgoni mgthodsrgeReFRkAeaEe SBAWBr LRore Foam
havi ng Low_conmerci al val ue for eval uations

use as a pl ank ﬂb&#ﬁb5aﬁ@d[gﬁpﬂe Byt However, with respegh,{tRgthe arge
thickness no ev%&%%ﬁégfgl éondltlons, 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; 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; 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.



72 Foam havi ng O Hi gh commercial val ue eval uation O

for use as a plank for all itens . foam having a | arge

t hi ckness Referential Exanples (Production of propylene polyner resins) 9
types of propylene polynmer resins (resins 1 to 9) were produced accordi ng
to the above-nentioned two- stage pol ymerizggion nmethod, using a viscosity
(MFR) as a criterion. Wth respect to each of the obtained resins 1 to 9,
the characteristic properties were neasured according to the nethod

descri bed above. Results are shown in Table 1 together with viscosities
(MFR) as a control criTleei fpoamdVdéh ELsfele 16 dfd Ixamylene? pedyaesbant ri X
resins constituting the ma- trices of the extruded propyl ene polynmer resin
f oans whi ch resi nsainee@d, byeshicingetlye Hiami olethaimedExmpixamgle 03 1&1lomsgng
resins 1 to 9 and in Conparative Exanples 1 to 6 using resins 3 to 4,
results of the de2cphematperpetditwlahataca cehitkrepswire tdixecktorhefn in
Table 2. Resins 10 and 11 were obtai ned according to the above-nentioned

t wo- st age p0|ynertagif@mmnﬁghggatoﬁhe foams of Examples 16 and 17 had

the respective thicknesses as shown in Table 6.



produci ng a propyl ene polynmer resin, except that sone of the

above- prescri bed polynerization conditions for the first stage and second
stage pol ynerizations were not satisfied. Further, 3 types of commercially
avail - able resins were provided as resins 12 to-14. Resin 12 73 is a
pol ypropyl ene resin."E1100", nanufactured &% _ sold by Asahi Cheni cal

I ndustry Co., Ltd., {Jap N, aresiin T3S a,poryp ,
manuf act ured and sol|d bysAgahi |enijcdl i Ind
resin 14 is "PF-815"|, teed dnd s ) whi ch
I's used in the Wrkijng EKaw@%m af tlhg abpye- m ' panese
Pat ent Application Lai d-%qrg;{Spe‘Ei@i catQo : : - to 14
were evaluated with resrngs&)tﬁe dhar acf é€ri sfi e shown
in Table 3 together W th ViscogiLreg (VF g . Wth
respect to the propy] eng, ol ¥5®r .matirix r [ | ene
pol ymer resin foans respﬁ(‘é‘td‘&@l yS3oBt larngd R¥Iijto 22
using resins 10 to 1@, rg%ﬂ%g of’ t he“Yet istic
properties are shown|in bi-evd
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resins 1 to 11 shown

MFR2 val ues of

in Tables 1 and 3 are val ues which were

©
< _ (ponuT3luod 9q OF) .
c =
= O O O O O 0 . L 61
i @) PPl 1 T°96 | 6271 168 8'0 96 ov 0100 |S°1 0 OV |uysey |®1dwexa
o Z .
DO O O O O O . L
N— @) 8¢'1 | 8°96 12°1 A 6°0 L6 Sp |£10°0 |G°1 200 G Z |urseu | @Tduwexa
- <t
E™ o o) o o) o L €1
. d

> O I’y | 5°96 82°1 6 ¢ 21 S6 ov |rew0o |S°1 z20°0 G [ |uysey |°oT0weExd
(@)
o .

= @) ®) @) @) @) . 6 z1
am O 52't | S°L6 £2°1 v 0°'1 L6 PP [020°0 | ST 20°'0 8 1 [urseu |oTdwexd
oL ol| o | o o e 8 | o rduol

. X

mws O | ot |gs L6 | t2'l ov 6'0 | 86 | €F [6100 | S°T 20°0 | 81 |uysey [°TOM®H
25 -
. o o O O O | ..
Eo O bt | 2726 | 3l v g8'0 | L6 v |oz0 |g-1 20°'0 | 81 | uysey|2T10Wexd
©.—
£ 3 o o) o) o o N
m% O 12’1 |g°s6 | 621 sV 6°0 86 2P 161000 | S°1 20°0 81 | ursey |TOWE*E
T SH -
mm] v | vl [sve | ge° £V 0't | L6 | sv Jeloo {S°T 20°0 | 81 [uysey |°TOWH
VDO = U] A xoput| Y. (Burdd {unt) 6 «(vam)  |s(san)
m @®© _m_ o 2 Adoa Xxeacoex [Butasmot M:Mqu.q» uﬂwm?._“_wswwﬂ () ".au.Ou ane_w_h.uw m..u.wsp_._wmo w__...wwu WNWMM
o wn yae | -josyuR| sseuloayyl wuzum -euo) uoyaeIe| 11eo| oaex 0 30 dyuedo il P

S~ |=:>u unuwu“ -nuum“ww ..mwhw.wq -aoow yewed jJo obe 1Y@o ssou Kays Esou :ow 70 35| ursen
m m ™~ |HMMO. ..noumEMU ~x033IV -ysnd eNTRA UMUTUTH| -IBAY] PRSOTY | ~XOTUL -ued -XOTUL aunouwy | junowy
O -
_ w uotjenieas Jo sj[nsey SUOT3TPUOD UOTADONPOIJ
md —
>5c o 9 otqes
te—
0N —
> O
© = —
O > —
C oo
mm Q
oow
O O~




havi ng an i nner

‘at a rate of 50 kg
nucl eati ng agent (Cellborn

a cell -

80 Exanple 1 Resin 1 was fed,

to a feed zone of a screw extruder with a barre

79 [err]
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78 [err]

of 45 mm and at the sane tine,
manuf actured and sold by Ei wa Cheni &4l

added -t hereto in an anount of 0.02 part by Wei ght per

of

hour ,
di anet er

SC- K,
resin 1. The barrel

per

and a foam ng agent (a m xed|fo

chl ori de nol ar



of 2/8) was fed to a m xing zone |ocated at the forward end of the extruder
I n an anmount of 18 parts by weight per 100 parts by weight of resin 1, to

t hereby obtain a foam ng conmposition conprised of a nolten m xture of resin
1, the foam ng agent and the cell-nucleating agent. The obtai ned foam ng
conposition was unifornmy cooled to 155 [errgyC in a cooling device
connected to the outlet of the extruder. Subsequently, by a backward
movenent of the piston of a hydraulic cylinder, the foam ng conposition was

charged into an agewmparaitdrrd)ddaghlads Nty al volume of 3.6 liters and set
at an extrudi ng tenperature of Igg [err]C, while maintaining the internal
pressure of the accunuiFelatis afere lobtalindd dn Eubstant ifaddiy rithe samali atel vy
after conpletion of the charging of the foam ng conposition into the
accunul a- 81 t manniehe ashint iExampls d ofexaepdxtthadi dhaliregimyithe a
tapering angle of 45[err], a wdth of the opening of 180 nm and_ a thickness
of the opening of amomntnjofat feisaring agenty @dﬂ@cg die smaunt R Antetbr
was opened, and the piston of the hydraulic cylinder was noved forward so
that the foaning a¥fIesting aaenthe anck tha dtbickpass 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; 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



extruded at a lower limt extrusion rate at which a foam ng does not occur
in the extrusion die. The resultant extruded foam was i nmedi ately received
be- tween upper and | ower pressure rolls, thereby shaping the foam The
obt ai ned foam was eval uated with respect to density, thickness, closed cel
rati o, average cell dianmeter, m ninumvalue ggerr] of peak accelerations in
the one-tinme wei ght dropping tests, cushioning perfornmance | owering index
K, after-conpression thickness recovery R and conpression stress ani sotropy’
Z according to the nmethods descri bed above. Results are shown in Table 5.
Exanples 2 to 17 Fdapecegona ofit aseed, in substantially the sane nanner as

i n Exanpl e 1, except that the resin, the amount of a foam ng agent added,

t he ambunt of a ce ¥ Bxampd b fl3e t hi ckness of a di e opening
wer e changed as shown in Table 5 and Table 6. The obtai ned foams were

eval uated according to Framsbwese obtginedniinossbssaatialilynthet sene.

Results are shown in Table 5 _and Tabl e 6. However, with respect to_the
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 évalua-
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,



production conditions, it should be noted that in the Exanpl es using resins
5to 9, which contain ethylene, the cooling tenperature of the resin in the
cooling device and the internal tenperature of the accunul ator were set at
alower limt tenperature in the range from 155 to 140 [err] C, which | ower
limt tenperature prevents a resin from being discharged fromthe die
opening in a solidified form Tables 5 and 6 ow that, when a base resin
whi ch satisfies the requirenents defi ned in the present invention is used,

a foam can be obtaing Qﬁ% n n f at least 20 Mm a
satisfactorily high c?ose ceI h’%%SRl dﬁ%%%§ egéf a conpres- sion

stress ani sotropy bUtoﬂ?éﬁaé&ﬁétﬁﬁ&ﬁg&@seiﬂrté325 in terms of mninum value
J[lerr] of peak acceleratrons In € one-trnme werl ght dropping tests. Tables
5 and 6 al so show that a Fofis Gasrebebghinedeth Wibstanthallavhe Osdme

t hi ckness of 30 mm or nore, exhibits an excel- |ent cushioning performance
represented by 65 G sanhersas$ nint dxampde b nexeeptydhas ther résif, paEek
accelerations in the one-tine weight dropping tests. Further, Tables 5 and
6 show that the i ncoRPeratish %ff@fwseﬂeem% %s#qe@o t@ievem'%atn%#rﬂeﬁe%lng

t he cushi onin er f or mapce, and rOV|n re55| n di nensi ona
recovery. gp nuc eatfhg ag nt, an tﬁb nessnB dge openihg

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 températures 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 evéluated 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 ceil 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.
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[err]

84 [err]

foam obtained in Exanple 3 along a plane perpendicular to a thicknessw se
direction of the foam so that the foanms of Exanples 16 and 17 had the

respecti ve thicknesses as shown in Table 6.

[err]

83 The foanms of Exanple 16 and Exanple 17 were ob- tained by slicing the

90

nre

utsex yo sixed Im 001 x93 saxed am ¢ «

9
X \ v o X g | oTgwexa
. . . BATE
X IS't 18°'E6 9¢°1 LS €'0 86 T€ J610°0 | S°1 G2°0 8T |ursey ..nnm.wwu
S
dwexg
@) v X O O . v 0H0> Ie
X 0t°1 1°¢6 £6°1 iv g1 S . 8¢ 130°0 { G°1 0 81 ursay |umm_wou
v
durexd
o) v X o) O | € |71 ane
X W'l |16 p9°1 §S 8°'0 L6 ve |€0000 |O°1 0 08 |[ursey —xeduos
€
durexq
O v X O O . t m.ﬁmub._.um
X 60°1 0°'¢6 £6°1 6 € €1 ¢6 P17 600 | S°C ¢0°0 8 ursey -xeduoy
<
dwexsy
O \Y X O 0 : . ¢ [°T9
X S0°1 | L°T6 | 1971 v €1 v6e | 9V 9600 [0V ¢20'0 | § uysey -nmm__ww
1
dwexd
O v v X O S1 . ¢ m.n0>aum
X 12°1 8°€E6 9¢°1 g8 I°1 G6 °o71s| 610°0 | G 1 20°0 81 utsay —redwo)
x(33M) (san)
2 Xdox aw_o>ouou mﬂuwwnuw 1y (butddoxp|(un) xoa (wur)  |( woyB) (urat) wwwmn * peppe
uvorae | —108TUR| ssBUNDTU] |ouvi] aybrem owya| -aweyp (%) weoy weoj | bujusdo butae quabe
-nieAs | ssoxas uots | -10318d]-eu0) uvorieae T190| oTIex 30 jo| etp jJo -atonu |Butweoy S
1te uoys| -sexdwoo| Buyuoy| -@soe yeed JoO obe 1192 ss9U Katrs ssau 1182 30 jo :
-x8AQ |-s93dwod|  -1933V| -ysmy| eNTEA UMWTUTR| -IBAV| PISOTD | -YOTUS -uag | -3oT4L junoury | unowy
uotaenyeae Jo s3Tnsey SUOTITPUOD UOTIINPOAd
e - L @1qed




87 Conparative Exanples 1 to 6 Foans were obtained in substantially the _
sanme manner as in Exanple 1, except that the resin, the anmount of a foam ng

agent added, the ampunt of a cell- nucleating agent, and the thickness of a
di e openi ng were changed as shown in Tabl 7 The foam of Conpara- tive
Exanple 1 was obtai ned by S|ICI ng the fod -"tained in Exanple 3 along a
pl ane per pendi cul a.|L|||\.r\||caq 'TC\,L' t the
f oam of Conparati ye Eqarrplge 1 had fhe thickne The
foams obt ai ned in|Cons 8Ci v Exanples 1 ¥o 6 e ing to
t he above-nenti oned e laTum‘irn net hods. |Resul 7. Table
7 shows that a foam h@g¥i gd=a |t hi ckhess of _I es hi bit 80
Gor less in termg of |k @ianum %aOue “IeNrT: Of t he
one-time wei ght dijopp{$§siEestis™ 80| G or || €ss
general |y necessany for e%erTNg a sart§racto nce on
articles, such as|hougefol ol Ect r| &% appafat u . ©Tab S0 shows
that there exist qpti R Sanges! flof ca<ténsidy| of <a|foath lamd<h|ctodeld cel |
. P . Y sef .
ratio fromthe vigwpotdh§agfa t|h® ma| ®enanPe of A he|cAshipfM ng|pBr f of mance
and that there exi|stsafrep-rumrprge—fer—anraverqge—eeH—eareter from
t he S Ulg A% ea o~ - 7] ] v ™
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Viempoint of obtaining high uniformties in conpression stress and
cushi oni ng performance irrespective of a 88 direction of use.
Conpar ative Exanples 7 to 13 Foans were obtained in substantially the sane ~

manner as in Exanple 1, except that the re8n, the anount of a foami ng
agent added, the anoprtr—et—a—ecei i :

S—ee-——iteteali-Rg—agent __and timriiut?uuaas of a
di e opening were chapgef} assshown |{n Table|8. Wth fesppct fo th
production conditiong, :§5ou 4 be*noted t|Pat X th¥ EkXnplle$s us¥ng]resins
11 and 13, which contai (.22 AyI} ene. the cdoling tenperaturds of| thelresins
in the cooling device a‘vjj the | ntefnal tenger atjur e pi_the adcunuf ator were
set at a lower linmt|tepeBdtulex n<he <@ gnoexfren 135( ggichg_ker%ﬁ whi ch
lower limt tenper- atu é% E@vents & rgstn [fronp bel hg di schgrged] froin t he
die opening in a sol ifdif - Formm—he—gbtatred—oe e—evattrated
according to the aboye- ment §aap® ey8l ug-<tijoh nePhop® R&sul{tB af @ shown in
Tabl e 8. The results{sh nm;@%t whi@ ih ca K o], aephary bl | ys dVakhplegiesi n
is used, .a foam vvhicir h&sg azgo| @ of G s | & =2 o o =2 =2 2
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extremely lowin closed cell ratio is obtained even if the amount of a
cell-nucleating agent is the sane as enployed in Exanple 1. The results
al so show that when a known, commercially available resin is used, it is
very difficult to obtain a foam having a thickness of at |east 20 nm and
exhi biting an excellent performance, 89 ddch as a hi gh cushi oning
performance. Conparative Exanples 14 to 22 Foans were obtained in

substantially the same nanner as | ample 1. _except that the resin, the
amount of a foaning agent added, iﬁkﬁ§¥££5¥—%23%lgéﬁﬁgl$¥cIeating agent ,
and the thickness of a.die i were changed.as shown.in _Table 9. Wth
respect to the product illg“ne ceg%%inutd':;ongfoip?&?ﬁlguI'p(?lg@eﬁotrg&lf’hzftoa?rh°lfhé"he
Exanpl es using reg " isch_c ' |- , oqQl i ng

t enper at ur es of tﬁgﬂgﬁéﬁhgﬂsﬁgﬁﬁgmgéglFn%q%gggbgggﬁﬁ Fﬁgﬁ R%&ﬁ# I%

tenperature of themeqHBIAY a¥enRase! 28! mt,! AVanlsi T SECERBLALULYS o he

range from 155 to 140 [err]C which lower [imt tenper- ature prevents a
resin from bei ng di.9chzy/med f ramaeeadiee calaNdiameted ¢l irdoli @d 4of @gm The

obt ai ned foans
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 accérdance with the "Testing Meth-
ods of Dynamic Compression for Package Cushioning
Materials" prescribed in Japanese Industrial Standards
(JIS) 2 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 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.



wer e eval uated according to the above-nentioned eval ua- tion nethods.

Results are shown in Table 9. The results show that when a known,

commercially available resin is used, a foamwhich has a closed cell ratio

.of at |east 80 % cannot be obtained even if the anount

of @ celf-nucleating

agent added is increased in order to inprove a closed _ '
results al so show that when a known, commrertfal | y avaUl ﬂﬂ unm msed,
t he obtai ned foam has high anisotropy in each of the s and

cushi oni ng performance, and has a thickness of 20 mm or | ess. [err] [err
90 [err 91 [err]
: CLAIMS
1. An extruded'propylene 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 100 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:
@ = 0.77 x (log?N 4 - logh,)

wherein/) ; represents the biaxial exten-

sional viscosity at a biaxial extensional

strain of 0.01, and772 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/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 said closed cell
ratio is defined as the percentage of the wvolume 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 nmm.



-92 [err] 93 | NDUSTRI AL APPLI CABI LI TY The extruded propyl ene pol yner
resin foamof the present invention is a single |ay g a

t hi ckness of at least 20 mm a density of from0.005 to
average cell diameter of from0.4 to 2.0 and a cl MﬂM‘M| \m Hg f at
| east 80 % Therefore, the foamof the pr I nvent G or

less in terns of the m ni num peak accel er a- t|on when tested |n accordance
with the "Testing Meth- ods of Dynam c¢ Conpression for Package Cushi oning
Materi al s" prescribed in Japanese Industrial Standards (JIS) Z 0235, in .
whi ch wei ghts are dropped from a-height of 60 cmon the foam Thus, the

extruded pro- pysene PpbyFBin'£8¢drd AN € bRl N U 02"' ye:ﬂ&:%‘ .’Hﬁé’ I oni ng

performance and nechanical strength properties, but al so has |ght wei ght ,
so that, after f@@récafeﬂesgtmveéwswlﬂmxwuw&ﬁdéwquetcm p&skl t ant

resin foamarticles can be advantageously used in the fields of cushion

packagi ng nateriatselérationg redpedtaiveldnshstained 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 kg_f/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 J; 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 1 to 3,
having 1.5 or less in terms of cushioning performance
lowering index K which is defined by the formula:

wherein J; is as defined in claim 3, and

Jay 1s 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-



" heat I nsul ating materi al s. CLAI M5 1. An extrude
resin foamconpris- ing a plurality of closed cells defined by cell walls

whi ch constitute a matrix of said foam said matrix 50(1 I“ﬁ"lﬂl“ﬂeﬂﬂl"mr ene
pol ymer resin exhibiting a biaxial extensional viscosi L0 X

106 poi ses at a biaxial extensional strain96f 0.2, and‘a iaxial' strdin
hardening rate [err] of at |least 0.25, said biaxial strain hardening rate
[err] being de- fined by the following fornula: a = 0.77 x (log [err] - log
[err]) wherein 1 repr Eephe BPEREBLNGXEQHT BRBKapcGRiEESty at a
bi axi al extensional strain of 0. 01 -egggs nts the biaxia

r

ext ensi onal viscosity &rt°% HP&%9si§Pagg?gﬁéﬁLﬁé| FAPBLNE. 2, wherein

id f h hi ck f I A fr 0. 005
008 gleniorr]. an avertiigcvab EasRegP B FRsPRRRYE Bhabi8 i "ana

closed cell ratio of a%t&%@%bs§0c%ifhma%gyeha§é£9gg'Bagﬂ gakbjratio is

defined as the percentage of the volune
eration values with respect to respective

static stresses, and reading minimum
_value Jpy 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 oxr 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

foam thickness, based on the original foam thickness.



cl osed cells, based on the total volume of the closed cells and open cells
in the foam 2. The foam according to claim1, having a thickness -of at

| east 30 nmm 3. The foam according to claim1l or 2, exhibiting 80 G or
less in terms of mnimumvalue [err] of peak accel er m y
sustai ned by a predeternm ned nunber of diff2fent V\Bla I'ﬁ"ﬂi@m{ Hm me
wei ght dropping tests in which the predeterni ned nunber of erents

wei ghts respectively capable of generating different static stresses in t he
range of fromO0.02 to 0.4 kgf/[err] on the foam are used and the respective
wei ghts are individually dropped once froma height of 60 cmon the foamto

obtai n peak accelpratifps %Qtétéaﬁ Corsd &S %llﬁ?mﬁ{%ﬁ] éerr] i's

defined as a n1n|nun1value of tie pea cceler t76ns” ] al ue If
read froma snootéxEibi€iNdtai EefpRYs Pl M tded e Paak £r8f 1 png agains
the static stress. 4. T’ﬁ% foam'according to any one Ifa&%fa s 1 t

having 1.5 or | eskes#.terns of cushioning performance | owering index K
which is defined by the formula: K = [err]

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 polymer'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 verfical
direction at a shear rate of 650 sec™? 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-



wherein [err] is as defined in claim3, and [err] is obtained by T i ng
4 times the sane weight dropping tests as defined in élmm”ﬂﬂﬁy sai d
. I'ng
LiJb T

one-time weight drop- ping test as defined as the fir

test, obtaining four peak accelera- tion vaJues in the 2fd to pi ng
tests with respect to respective static str%ses, cal cul ati ng average peak
accel - eration values with respect to respective static stresses, and

el - erati tic stresses,
oot hcurve obt A tba oot ot 14 AR R P S R et afisnhy (R4 T 2t
agai nst the stallfosde o5 wieretnl iy IAAMACGAIL NALO. AN O of plaims 1

to 4, having 1.3 or less in terns hioni'nd per t-or e ovier ng i ndex

K as defined in q@ﬂgz folecdgr fmrql?&c‘aeﬁiimet&ﬂ%ﬁ%?g o PPl L O

5, having at least 95 in terms of after-conpression t Ss recovery R
whi ch is obtai nedveiygltppleddly Measured by gel permeation chromatography.



pressure to the foamin a thicknesswi se direction thereof at a rate of 500
mmMmn to thereby conpress the foamby 90 % of the original foamthickness,
relieving the foamfromthe pressure and allowing the'relieved foamto
stand for 24 hrs and recover the thickness thereof, and measuring the
recovered foamthickness, wherein Ris defined as the percentage of the

recovered foamthickness, based on thﬁlfd gi nal foamthickness. 97 7.
The foam according to any one of ‘clai 1 to 6, exhibiting a conpression
stress anisotropy Z of 1.5 or less. 8. The foam according to any one of
claims 1 to 7, wherein said propylene polynmer resin is a linear poly- ner
resin. 9. The foam according to any one of clains 1 to 8, wherein said
propyl ene pol yner resin has an ethyl ene content of fror§0.05 to 8 % by
wei ght. 10. The foam according to any one of clains =8 9, wherein said
propyl ene polyner has 1.8 or nore in terns of %/ell [ X S which is
obt ai ned by extruding the propyl ene polyner regpn in é%{)l ten formin a
verti cal £ E—o% :
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direction.at a shear rate of 650 sec[err] through a capil- lary having an

I nner dianeter of 2.095 mmand a length of 8.0 mMmto thereby obtain a

ri bbon resin extrudate, wherein Sis defined as a ratio of the dianmeter of
the extrudate to the inner dianeter of said capillary. 11. The foam
according to any one of clainms 1-to 10, wherein said propyl ene pol yner has
a Z average nol ecu- 98 |l ar weight of at least 2 x 106 and an M/ Mw val ue
of at least 5, wherein Mz and Mv are2Adspectively, a Z average nol ecul ar
wei ght and a wei ght average nol ecul ar wei ght, each neasured by gel

- perneation chromat ogr aphy.
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ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION:- EXTRUDED PROPYLENE POLYMER RESIN FOAM

Disclosed is an extruded propylene polymer resin
foam comprising a propylene polymer resin exhibiting a
biaxial extensional viscosity of at least 3.0 x 108
poises at a biaxial extensional strain of 0.2, and a
biaxial strain hardening rate o of at least 0.25, the

biaxial strain hardening rate « being defined by the

following formula:
@ =0.77x (logh, - log 771)

wherein 7, represents the biaxial exten-

sional viscosity at a biaxial extensional

strain of 0.01, and’?z represents the

biaxial extensional viscosity at a biax-~

ial extensional strain of 0.2,

said foam containing a vast plurality of cells,

and 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 %. The resin foam of the present invention has not
only light weight, but also exhibits high cushioning
perfoimance 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.

Figure 1 of the drawings sﬁould accompany the abstract when
published.



