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y 5 HEAT SHRINKABLE FOAMED SHEET This application
claims priority to U.S. Provisional Application No.
60/899,392  filed on'February 5, 2007, the entire
disclosure of which is incorporated herein by
reference in its entirety. 10 Cross Reference to
Related Applications This application is an
application filed under 35 U.S.C. 111(a) claiming the
benefit pursuant to 35 U.S.C. 119(e)(1) of the filing
date of U.S. Provisional 15 Application No. 60/899,392
filed on February 5, 2007, pursuant to 35 U.S.C.
111(b).  Technical Field The present invention relates
to a heat shrinkable foamed sheet. Some  20 preferred
embodiments relate to a heat shrinkable foamed sheet
excellent in  glossiness and surface smoothness and
also excellent in printing performance. Background Art
25 The following description sets forth the inventor's
knowledge of related art and  problems therein and
should not be construed as an admission of knowledge
in the  prior art. A resin foamed sheet having a heat
shrinkable nature, such as, e.g., a foamed  30
polystyrene resin foamed sheet, has been widely
applied to various products, such as,  e.g., cups,
plates, food containers, packaging materials, or
packaging labels, in various  fields. Particularly, in
the case of a heat shrinkable foamed sheet to be used
as packaging labels, decoration printing is performed
on a surface of the label applied to a  glass/plastic
container to provide its content's information. 1  II
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kind of heat shrinkable resin foamed sheet can be
manufactured by a  method disclosed in, for example,
U.S. Patent No. 5,925,450 (JP, H07(1995)-64005, B),
U.S. Patent No. 3,979,000 (JP, S61(1986)-21826, B),
U.S. Patent No. 5,342,560 (JP, 5 H05(1993)-505774, A),
and JP, H07(1995)-32525, A. For example, a
general-purpose polystyrene resin as a raw material of
a  foamed sheet, a nucleus forming agent for forming
foamed cells, a spreading agent,  and white mineral
oil or polybutene acting as a viscosity controlling
agent are 10 introduced into a first extruder to be
melted therein while adding polymeric ester such  as
ditridecyl adipate (DTDA) as a plasticizer. Nitrogen
or carbon dioxide acting as a  foaming agent is added
under high pressure to the molten polystyrene and
kneaded,  and then the resulting melt is transferred
to a cooling extruder provided at a rear part  of the
first extruder to be cooled therein. The transferred
melt is cooled to a 15 temperature appropriate to the
extrusion, and then sent to an annular die portion
provided at the front end of the cooling extruder. On
the other hand, non-foamed  polystyrene resin is
introduced into a second extruder and melted therein,
and then  transferred to the die portion provided at
the front end of the cooling first extruder in a
state in which no foam is contained in the molten
resin. In this die portion, the 20 extrusion material
from the first extruder and the extrusion material
from the second  extruder are joined together and
co-extruded as a cylindrical two-layered sheet in
which a non-foamed resin layer is coated on a foamed
resin layer. The inner and outer surfaces of the
cylindrical sheet co-extruded from the 25 extrusion
die are cooled with air and/or a cooling mandrel. At
this time, the sheet is  stretched by blowing between
the extrusion die and the mandrel ring having a large
diameter at a temperature range higher than a
softening point of the resin, and then  cooled to a
temperature which is the softening point or below
thereof on a cylindrical  2
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the mandrel ring. During the cooling,  tension is
applied using nip rolls to be stretched in a
longitudinal direction of the sheet,  and the
stretched sheet is cut in halves with a cutter. The
resulting sheet having two  layers, i.e., a foamed
layer and a non-foamed layer, will be wound. 5
Especially, in the foamed sheet of this kind to be
used as a packaging material,  such as, e.g., a label,
in addition to mechanical characteristics, such as,
e.g., tensile  strength, rigidity, shear force,
flexibility, and heat shrinkable characteristic, the
printing  characteristic is also one of important
characteristics to provide decoration for giving a 10
visual product image on the surface of the sheet. In a
conventional heat shrinkable foamed sheet, however,
such print images  with clear print boundaries could
not be obtained, for example. Thus, the printing
performance was not always satisfactory. 15 Under the
circumstances, the inventors performed various
experiments and  studies to provide a heat shrinkable
foamed sheet excellent in surface glossiness,  surface
smoothness and printing nature. As a result, they
found the fact that in a  multi-layer foamed sheet
having at least a non-foamed layer as a skin layer
small in 20 thickness and a foamed layer as a core
layer larger in thickness than the non-foamed  layer,
various dimensions, such as, e.g., surface smoothness
of the non-foamed layer  and sizes of foam cells
formed in the foamed layer, exert a strong influence
on a  printing performance of the non-foamed layer
constituting the surface skin layer. The  inventors
further continued experiments and studies and finally
made the present 25 Invention. The description herein
of advantages and disadvantages of various features,
embodiments, methods, and apparatus disclosed in other
publications is in no way  intended to limit the
present invention. Indeed, certain features of the
invention may 3 ~'~~l~I~'i~~' 47i~~'~
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features, embodiments, methods, and apparatus
disclosed therein. Disclosure of Invention  5 The
preferred embodiments of the present invention have
been developed in  view of the above-mentioned and/or
other problems in the related art. The preferred
embodiments of the present invention can significantly
improve upon existing methods  and/or apparatuses. 10
Among other potential advantages, some embodiments can
provide a heat  shrinkable foamed sheet excellent in
surface glossiness and surface smoothness  preferably
used as a packaging heat shrinkable label capable of
performing high-grade  clear printing while preventing
breakage of a container by Its cushioning properties
and 15 giving thermal insulating properties when the
sheet is applied to a container.  Among other
potential advantages, some embodiments can provide a
heat  shrinkable foamed sheet excellent in printing
characteristics comprising at least two  layers
consisting of a non-foamed layer and a foamed layer,
i.e., a non-foamed 20 polystyrene layer excellent in
surface glossiness and surface smoothness and a
foamed polystyrene layer. According to a first aspect
of a preferred embodiment of the present Invention,  a
heat shrinkable foamed sheet, comprising: 25 a foamed
layer constituting a core layer; and a non-foamed
layer constituting a surface skin layer integrally
formed on the  formed layer, wherein the non-foamed
layer is less than about 1.55 m in maximum surface
smoothness measured in accordance with IS08791-4. 30
In the aforementioned heat shrinkable formed sheet,
preferably, the maximum  4 Ill
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smoothness is about 1.49 m or less. According to a
second aspect of a preferred embodiment of the present



invention, a heat shrinkable foamed sheet, comprising:
5 a foamed layer constituting a core layer; and a
non-foamed layer constituting a surface skin layer
integrally formed on the  formed layer, wherein the
foamed layer is less than about 20.4 m in average
equivalent  diameter of foamed cells formed in the
foamed layer in a cross-section taken along an  10
extrusion direction of the formed layer and less than
about 20.0 m in average equivalent diameter of foamed
cells formed in the foamed layer in a cross-section
taken along a direction perpendicular to the extrusion
direction. In the aforementioned heat shrinkable
formed sheet, it is preferable that the  15 average
equivalent diameter of the foamed cells in the
cross-section taken along the  extrusion direction of
the formed layer is about 18.8 m or less and the
average  equivalent diameter of the foamed cells in
the cross-section taken along the direction
perpendicular to the extrusion direction is about 19.2
m or less. More preferably, the  average equivalent
diameter of the foamed cells in the cross-section
taken along the 20 extrusion direction of the formed
layer is about 17.1 m or less and the average
equivalent diameter of the foamed cells in the
cross-section taken along the direction  perpendicular
to the extrusion direction is about 18.4 m or less. In
the aforementioned heat shrinkable formed sheet,
preferably, the maximum  25 surface smoothness of the
non-foamed layer is less than about 1.55 m. More
preferably, the maximum surface smoothness of the
non-foamed layer is about 1.49  m or less. 5 :Q`  11
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a third aspect of a preferred embodiment of the
present invention,  a heat shrinkable foamed sheet,
comprising: a foamed layer constituting a core layer;
and a non-foamed layer constituting a surface skin
layer integrally formed on the  



5 formed layer, wherein the foamed layer is less than
about 231.5 m in average length of  foamed cells
formed in the foamed layer in a cross-section taken
along an extrusion  direction of the formed layer. 10
In the aforementioned heat shrinkable foamed sheet,
preferably, the average  length of the foamed cells of
the foamed layer in the cross-section taken along the
extrusion direction of the formed layer is about 199.3
m or less. More preferably,  the average length of the
foamed cells of the foamed layer in the cross-section
taken  along the extrusion direction of the formed
layer is about 167.0 m or less and the 15 average
length of the foamed cells of the foamed layer in the
cross-section taken along  the direction perpendicular
to the extrusion direction of the formed layer is
about 66.2  m or less. In the aforementioned heat
shrinkable foamed sheet, preferably, the 20 maximum
surface smoothness of the non-foamed layer is less
than about 1.55 m.  More preferably, the maximum
surface smoothness of the non-foamed layer is about
1.49 m or less. According to a fourth aspect of a
preferred embodiment of the present  25 Invention, a
heat shrinkable foamed sheet, comprising: a foamed
layer constituting a core layer; and a non-foamed
layer constituting a surface skin layer integrally
formed on the  formed layer, 6 ~;
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than about 15.0 m in average height of  foamed cells
formed in the foamed layer in a cross-section taken
along an extrusion  direction of the formed layer and
the foamed layer is less than about 15.2 rn in
average height of the foamed cells formed in the
foamed layer in a cross-section taken 5 along a
direction perpendicular to the extrusion direction of
the formed layer. In the aforementioned heat
shrinkable foamed sheet, preferably, the average  



height of the foamed cells formed in the foamed layer
in the cross-section taken along  the extrusion
direction of the formed layer is about 13.5 m or less
and the average 10 height of the foamed cells formed
in the foamed layer in the cross-section taken along
the direction perpendicular to the extrusion direction
of the formed layer is about 13.4  m or less. More
preferably, the average height of the foamed cells
formed in the  foamed layer in the cross-section taken
along the extrusion direction of the formed  layer is
about 12.0 m or less and the average height of the
foamed cells formed in the 15 foamed layer in the
cross-section taken along the direction perpendicular
to the  extrusion direction of the formed layer is
less than about 11.6 m. In the aforementioned heat
shrinkable foamed sheet, preferably, the  maximum
surface smoothness of the non-foamed layer is less
than about 1.55 m.  20 More preferably, the maximum
surface smoothness of the non-foamed layer is about
1.49 m or less. According to a fifth aspect of a
preferred embodiment of the present invention,  a heat
shrinkable foamed sheet, comprising: 25 a foamed layer
constituting a core layer; and a non-foamed layer
constituting a surface skin layer integrally formed on
the  formed layer, wherein the foamed layer is less
than about 2,511.6 m2/cell in average area  7
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foamed cells formed in the foamed layer in a
cross-section taken along an extrusion  direction of
the formed layer and the foamed layer is less than
about 970.7 m2/cell in  average area of foamed cells
formed in the foamed layer in a cross-section taken
along  a direction perpendicular to the extrusion
direction of the formed layer. 5 In the aforementioned
heat shrinkable foamed sheet, preferably, the average
area of the foamed cells in the cross-section taken
along the extrusion direction of the  formed layer is
about 1,986.8 .tm2/cell or less and the average area
of the foamed cells  in the cross-section taken along
the direction perpendicular to the extrusion direction
10 of the formed layer is about 759.9 m2/cell or less.
More preferably, the average area  



of the foamed cells in the cross-section taken along
the extrusion direction of the  formed layer is about
1,462.0 m2/cell or less and the average area of the
foamed cells  in the cross-section taken along the
direction perpendicular to the extrusion direction  of
the formed layer is about 549.1 m2/cell or less. 15 In
the aforementioned heat shrinkable foamed sheet,
preferably, the  maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  More
preferably, the maximum surface smoothness of the
non-foamed layer is about  1.49 m or less. 20
According to a sixth aspect of a preferred embodiment
of the present invention,  a heat shrinkable foamed
sheet, comprising: a foamed layer constituting a core
layer; and a non-foamed layer constituting a surface
skin layer integrally formed on the  25 formed layer,
wherein the foamed sheet is less than about 468.7 tm
in average  circumferential length of foamed cells
formed in the foamed layer in a cross-section  taken
along an extrusion direction of the formed layer. 8 31
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aforementioned heat shrinkable foamed sheet,
preferably, the average  circumferential length of the
foamed cells in the cross-section taken along the
extrusion direction of the formed layer is about 405.4
m or less. More preferably, 5 the average
circumferential length of the foamed cells in the
cross-section taken along  the extrusion direction of
the formed layer is about 342.1 4m or less and the
average  circumferential length of the foamed cells in
the cross-section taken along the direction
perpendicular to the extrusion direction of the formed
layer is about 138.0 m or less.  10 In the
aforementioned heat shrinkable foamed sheet,
preferably, the maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  More
preferably, the maximum surface smoothness of the
non-foamed layer is about  1.49 m or less. 



15 According to a seventh aspect of a preferred
embodiment of the present  invention, a heat
shrinkable foamed sheet, comprising: a foamed layer
constituting a core layer; and a non-foamed layer
constituting a surface skin layer integrally formed on
the  formed layer, 20 wherein the foamed layer exceeds
about 195.5 cells/mm2 in average number  of foamed
cells formed in the foamed layer per unit area in a
cross-section taken along  an extrusion direction of
the formed layer. In the aforementioned heat
shrinkable foamed sheet, preferably, the average  25
number of foamed cells formed in the foamed layer per
unit area in the cross-section  taken along the
extrusion direction is about 272.5 cells/mmZ or more.
More. preferably, the average number of foamed cells
formed in the foamed layer per unit  area in the
cross-section taken along the extrusion direction of
the formed layer is  9 Date of receipt: 10 August 2007
(10.08.2007) PCT/US2007/011505 ` .i"''.:':'
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cells/mm2 or more and the average number of the foamed
cells formed in  the foamed layer per unit area in the
cross-section taken along the direction  perpendicular
to the extrusion direction of the formed layer exceeds
about 647.9  cells/mm2. 5 In the aforementioned heat
shrinkable foamed sheet, preferably, the  maximum
surface smoothness of the non-foamed layer is less
than about 1.55 m.  More preferably, the maximum
surface smoothness of the non-foamed layer is about
1.49 m or less. 10 According to an eighth aspect of a
preferred embodiment of the present  invention, a heat
shrinkable foamed sheet, comprising: a foamed layer
constituting a core layer; and a non-foamed layer
constituting a surface skin layer integrally formed on
the  15 formed layer, wherein the foamed layer is
about 167.0 m or less in average length of  foamed
cells of the foamed layer in a cross-section taken
along an extrusion direction  of the formed layer,
about 342.1 m or less in average circumferential
length of  



foamed cells of the foamed layer in the cross-section
taken along the extrusion 20 direction of the formed
layer, and about 349.5 cells/mm2 or more in average
number of  foamed cells formed in the foamed layer per
unit area in the cross-section taken along  the
extrusion direction of the formed layer. In the
aforementioned heat shrinkable foamed sheet,
preferably, the 25 maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  More
preferably, the maximum surface smoothness of the
non-foamed layer is about  1.49 m or less. 10
'I17lIIIlIIINII'!lll~I(I Date of receipt: 10 August
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preferred embodiment of the present invention,  a heat
shrinkable foamed sheet, comprising: a foamed layer
constituting a core layer; and a non-foamed layer
constituting a surface skin layer integrally formed on
the  5 formed layer, wherein the foamed layer is about
66.2 pm or less in average length of foamed  cells of
the foamed layer in a cross-section taken along a
direction perpendicular to an  extrusion direction of
the formed layer, about 138.0 m or less in average
circumferential length of foamed cells of the foamed
layer in the cross-section taken  10 along the
direction perpendicular to the extrusion direction of
the formed layer, and  exceeds about 647.9 cells/mm2
in average number of foamed cells formed in the
foamed layer per unit area in the cross-section taken
along the direction perpendicular  to the extrusion
direction of the formed layer. 15 In the
aforementioned heat shrinkable foamed sheet,
preferably, the  maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  More
preferably, the maximum surface smoothness of the
non-foamed layer is about  1.49 m or less. 20
According to a tenth aspect of a preferred embodiment
of the present  invention, a heat shrinkable foamed
sheet, comprising: a foamed layer constituting a core
layer; and 



a non-foamed layer constituting a surface skin layer
integrally formed on the  formed layer, 25 wherein the
foamed layer is about 17.1 m or less in average
equivalent  diameter of foamed cells in a
cross-section taken along an extrusion direction of
the  formed layer and about 18.4 .Lm or less in
average equivalent diameter of the foamed  cells in a
cross-section taken along a direction perpendicular to
the extrusion direction, 11 i~>i~ c- !
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is about 167.0 m or less in average length of the
foamed cells formed in the foamed layer in the
cross-section taken along the extrusion  direction of
the formed layer and about 66.2 m or less in average
length of the  foamed cells of the foamed layer in the
cross-section taken along the direction 5
perpendicular to the extrusion direction of the formed
layer, wherein the foamed layer is about 12.0 m or
less in average height of the  foamed cells formed in
the foamed layer in the cross-section taken along the
extrusion  direction of the formed layer and about
11.6 m or less in average height of the  foamed cells
formed in the foamed layer In the cross-section taken
along the direction 10 perpendicular to the extrusion
direction of the formed layer, wherein the foamed
layer is about 1,462.0 m2/cell or less in average area
of  the foamed cells in the cross-section taken along
the extrusion direction of the formed  layer and about
549.1 m2/cell or less in average area of the foamed
cells in the  cross-section taken along the direction
perpendicular to the extrusion direction of the  15
formed layer, wherein the foamed layer is about 342.1
m or less in average circumferential  length of the
foamed cells formed in the foamed layer in the
cross-section taken along  the extrusion direction of
the formed layer, and about 138.0 m or less in the
average  circumferential length of the foamed cells
formed in of the foamed layer in the 20 cross-section
taken along the direction perpendicular to the
extrusion direction of the  formed layer, and wherein
the foamed layer is about 349.5 cells/mm2 or more in
average number  



of the foamed cells formed in the foamed layer per
unit area in the cross-section taken  along the
extrusion direction of the formed layer and exceeds
about 647.9 cells/mm2 in 25 average number of the
foamed cells formed in the foamed layer per unit area
in the  cross-section taken along the direction
perpendicular to the extrusion direction of the
formed layer. 12 Date of receipt: 10 August 2007
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aforementioned heat shrinkable foamed sheet,
preferably, the  maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  More
preferably, the maximum surface smoothness of the
non-foamed layer is about  1.49 m or less. 5 According
to an eleventh aspect of a preferred embodiment of the
present  invention, a heat shrinkable foamed sheet,
comprising: a foamed layer constituting a core layer;
and a non-foamed layer constituting a surface skin
layer integrally formed on the  10 formed layer,
wherein the non-foamed layer exceeds about 51.54 % in
glossiness measured  in accordance with IS02813-1944
in an extrusion direction of the non-foamed layer  and
exceeds about 25.18 % in glossiness measured in
accordance with IS02813-1944  in a direction
perpendicular to the extrusion direction of the
non-foamed layer. 15 In the aforementioned heat
shrinkable foamed sheet, preferably, the  non-foamed
layer is about 68.68% or more in glossiness measured
in accordance with  IS02813-1944 in an extrusion
direction of the non-foamed layer and is about 30.70%
or more in glossiness measured in accordance with
IS02813-1944 in a direction 20 perpendicular to the
extrusion direction of the non-foamed layer. In the
aforementioned heat shrinkable foamed sheet, it is
preferable to satisfy  one or more of the conditions
as recited in the aforementioned first to tenthh
aspect of  the present invention. 25 In the
aforementioned heat shrinkable foamed sheet,
preferably, the foamed  



layer is formed by extruding a melt from a
co-extrusion two-layer annular extrusion die  of one
of extruders, the melt containing a nucleus forming
agent and at least one of  13 > 1~~~1~1~l,~Il~~o.
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polybutene, ditridecyl adipate, diisodecyl adipate,
and trioctyl trimellitate blended to a  polystyrene
resin acting as a main component and further
containing at least one of  nitrogen, carbon dioxide,
and a mixture thereof in a supercritical state, and
the non-foamed layer is formed by extruding a resin
from the co-extrusion 5 two-layer annular extrusion
die of the other of the extruders, the resin being
obtained  by blending polyolefin, and a compatibilizer
of polystyrene and polyolefin with  polystyrene as a
main component, and melting them in a state in which
the  non-foamed layer is coated on an inner side of
the foamed layer. 10 According to a twelfth aspect of
a preferred embodiment of the present  invention, in
any one of the aforementioned heat shrinkable sheets,
the non-foamed  layer has a print layer on a surface
thereof. It should be understood that a heat
shrinkable foamed sheet according to the  15 present
invention can be a sheet which satisfies any
combination of the  aforementioned conditions as
recited in the first to twelfth aspects of the present
invention and the preferable conditions. According to
a thirteenth aspect of a preferred embodiment of the
present  20 invention, a container, comprising: a
container main body; and one of the aforementioned
heat shrinkable sheets, wherein the heat shrinkable
sheet is closely adhered to a peripheral surface of
the container main body in a heat shrank manner. 25
The foamed sheet in which the sizes of the foam cells
in the foamed layer fall  within the aforementioned
ranges is excellent in surface smoothness and
therefore it is  excellent in printing
characteristics. For example, at the time of
performing  electrostatic printing which is one of
precise printing, a smooth surface appropriate to 
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printing can be obtained. As a result, a heat
shrinkable foamed sheet,  which can be used as a
foamed polystyrene label, capable of giving a
high-grade  nature to a packaging can be obtained. 5
In the foamed sheets according to some embodiments,
especially in a foamed  polystyrene foamed sheet, the
smoothness and glossiness of the surface of the
non-foamed polystyrene layer corresponding to the
printing surface can be improved.  Thus, original
fabrics of printing heat shrinkable labels can be
produced. And the  foamed sheet can be used as a heat
shrinkable label for containers or cups including  10
beverage containers. The above and/or other aspects,
features and/or advantages of various  embodiments
will be further appreciated in view of the following
description in  conjunction with the accompanying
figures. Various embodiments can include and/or 15
exclude different aspects, features and/or advantages
where applicable. In addition,  various embodiments
can combine one or more aspect or feature of other
embodiments where applicable. The descriptions of
aspects, features and/or  advantages of particular
embodiments should not be construed as limiting other
embodiments or the claims. 15 NN ! 1
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DESCRIPTION OF THE DRAWINGS The preferred embodiments
of the present invention are shown by way of  example,
and not limitation, in the accompanying figures, in
which: 5 Fig. 1 is a schematic view showing a
production apparatus including extruders  used to
produce a heat shrinkable foamed sheet according to an
embodiment of the  present invention; 10 Fig. 2 is a
schematic cross-sectional view showing a cooling
device located at a  



front end of the extruder; Fig. 3 is a cross-sectional
view taken along the line 3-3 in Fig. 2; and 15 Fig. 4
is a partial cross-sectional view showing a partial
cross-section of the heat  shrinkable foamed sheet
according to the present invention. 16 Date of
receipt: 10 August 2007 (10.08.2007) PCT/US2007/011505
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DESCRIPTION OF THE PREFERRED EMBODIMENTS In the
following paragraphs, some preferred embodiments of
the invention will  be described by way of example and
not limitation. It should be understood based on  5
this disclosure that various other modifications can
be made by those in the art based  on these
illustrated embodiments. The heat shrinkable resin
foamed sheet 1 according to an embodiment can be  used
as follows. For example, the sheet.1 is formed into,
e.g., a cylindrical shape and  10 then disposed on an
external periphery of a packaging container such as a
bottle or a cup. Then, heat is applied to the sheet 1
to shrink it, so that the sheet is secured to  the
container in a closely adhered manner. As shown in
Fig. 4, the heat shrinkable foamed sheet according to
this 15 embodiment has a two-layered structure having
a foamed layer 2 constituting a core  layer having
foamed cells C therein and a non-foamed layer 3
constituting a skin layer  integrally formed on the
foamed layer 2, the non-foamed layer being smaller in
thickness than the foamed layer 2. This heat
shrinkable foamed sheet is formed by  co-extrusion. 20
Hereinafter, an example of the production method of
the heat shrinkable  foamed sheet will be explained.
Fig. 1 shows an extruder for use in the production
method. This extruder  25 includes a first extruder
11, a cooling extruder 12 (melt cooling portion of the
first  extruder), and a second extruder 13. As shown
in Fig. 1, as to the foamed layer 2 constituting a
core layer, for  example, polystyrene resin as a raw
material is introduced in the first extruder 11 as a
30 primary extruder. At the same time, added to the
polystyrene resin are a nucleus forming agent, such
as, e.g., sodium bicarbonate or citric acid, a
plasticizer, such as,  



e.g., nonvolatile polymer ester exemplified by
asditridecyl adipate (DTDA), and a 17 T ~ I fl fl V .
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agent acting as a spreading agent of the nucleus
forming agent such as  polybutene and having a resin
viscosity controlling function. These materials are
heated into a molten state. Thereafter, high pressure
nitrogen or carbon dioxide.  acting as a foaming agent
is applied to the melt to obtain a polystyrene resin
melt in 5 which the nitrogen or carbon dioxide is
solved in a supercritical state. The  polystyrene
resin melt is mixed and kneaded with a screw in a
kneading part of the  first extruder 11, transported
to the cooling extruder 12 (a melt cooling part of the
rear  part of the first extruder), and cooled to a
temperature appropriate to the extrusion.  The
resulting resin is integrally coated on an upper
surface of a non-foamed layer 10 transported in
advance from the second extruder 13 within a
co-extrusion annular die  20 provided at the front end
of the first extruder 12. Thereby, an integral
two-layered  resin sheet including a foamed layer and
a non-foamed layer is extruded into a cylinder  shape.
15 The non-foamed layer 3 (surface skin layer)
constituting a liner of the  two-layered sheet
consisting of the foamed polystyrene layer 2 and the
non-foamed  polystyrene layer 3 is produced as
follows. At the same time of the preparation of the
foamed layer 2 (core layer) in the first extruder 11,
a mixture of polystyrene and  polyolefin (ratio: about
80 % of polystyrene, about 5 % of polypropylene, and
about 20 15 % of additive agent) as the material of
the non-foamed polystyrene layer 3 (skin  layer) is
melted in a barrel of the second extruder 13. The
molten mixture is  transported to the annular die 20
provided at the front end of the cooling extruder 12
of the first extruder 11 to be joined to the foamed
polystyrene layer 2 (core layer) from  the first
extruder 11, and extruded from the annular die 20 with
the two layers with  25 two layers integrated
together. The non-foamed layer resin is not limited to
polystyrene resin, but can be any  thermosetting resin
including, e.g.,*a butadiene series or acrylic series
copolymer resin  copolymerized with polystyrene or its
mixed resin, or a polyolefin series resin including,
30 e.g., polyethylene, polypropylene, or copolymer
thereof. The foamed resin layer can  



be any thermosetting resin including, e.g.,
polystyrene series resin, block polymer  thereof,
copolymer resin or mixed resin copolymerized with
butadiene series resin, or 18 s
1~,~"Ili'~a7.~'l(~!lill~ll~llfiifllilll Date of
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foaming agent can be carbon dioxide, nitrogen, a
mixture of carbon  dioxide and nitrogen, or
nonvolatile gas which cannot be dissolved in a resin
in a 5 standard state of the atmosphere. The foaming
agent is melted In the molten resin in  a
supercritical state In the extruder. The nucleus
forming agent can be inorganic and organic foaming
nucleus.  forming agents, such as, e.g., sodium
bicarbonates, citric acids, and amide 10
azodicarboxylates, or a mixture thereof. The wetting
agent can be white mineral oil, polybutene, or
low-molecular-weight polyethylene wax. The wetting
agent is used as a dispersing  agent for dispersing
the nucleus forming agent into the molten resin. 15
The plasticizer for providing a heat shrinkage
property to the foamed layer 2  and controlling resin
viscosity to improve physical properties of the foamed
sheet 1, for  example, resin properties such as
toughness or shear properties of the sheet 1, and
extrudability can be a high-molecular-weight ester,
such as, e.g., ditridecyl adipate 20 (DTDA),
diisodecyl adipate (DIDA), and trioctyl trimellitate
(TOTM). About 1% of the  plasticizer is added in the
resin. The surface adjustment of the non-foamed sheet
3 (surface skin layer) is .  important since the
surface is served as a printing surface of a label.
White pigment is  25 added to control the color tone
of the surface to thereby keep the opacity of the
sheet surface. Generally, 5 to 10 % of titanium oxides
are added with respect to the  non-foamed layer
portion. In addition, in order to increase strength of
the foamed  sheet, an about 5 to 10% of
ethylene-butadiene block copolymer is added as a
compatibilizer. 30 As shown in Fig. 2, the extruded
cylindrical two-layered sheet 21 is forcibly  



cooled by blowing cooling air against the outside
foamed polystyrene layer from the  19 WIN- VIca: <
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disposed adjacent to the extrusion die 20. An inner
ring 26 is  provided at the inner surface side of the
extruded cylindrical sheet 21, so that the
cylindrical sheet 21 is cooled from its inside by air
from the inner ring 26. The cooling  rate using air
can be adjusted by controlling air pressure of air
applied to the inner and  5 outer surfaces of the
cylinder. The extruded cylindrical sheet 21 is
transported in a state in which the sheet is  in
contact with the mandrel 24 and cooled. The
cylindrical sheet 21 is stretched in the
circumference direction thereof toward the mandrel 24
having a diameter larger than 10 the diameter of the
extrusion die 20 before the temperature of the sheet
21 drops  below the glass transition point. The blowup
ratio, which is a ratio of the diameter of  the die
20. to that of the mandrel 24, Is set to 1.75, which
is a typical ratio of a heat  shrinkable label. 15 The
cylindrical sheet 21 is cooled using the mandrel 24 to
cool the temperature  to the glass transition
temperature or below. The cooling is performed by both
the  mandrel 24 and the mandrel ring 23 provided at
the upstream side of the mandrel 24. As shown in Fig.
1, the extruded cylindrical sheet 21 is stretched in
the 20 longitudinal direction by applying tension with
the nip rolls for winding the sheet 21.  The tension
can be controlled in accordance with the degree of the
required heat  shrinkage of the heat shrinkable label.
After being stretched in the longitudinal direction by
the tension using the nip  25 rolls, the cylindrical
sheet 21 is cut into halves and each will be wound on
a reel as a  two-layered sheet consisting of a foamed
layer and a non-foamed layer. The obtained heat
shrinkable foamed sheet has a non-foamed layer 3 as a
surface skin layer excellent in glossiness, hign in
grade and excellent in surface 30 smoothness, thereby
enabling a clear printing thereon.  Hereinafter,
concrete examples will be explained.  20 ~~~~f~l~!;
~I~~~:~'~~?~IIIIIIIII!!II!llliiliilll 
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having a weight average molecular weight of 280,000
and a meltfiow  5 value of about 3.5-4.0 (ASTM
standard 12378-70: condition G) and a 1:1 mixture of
sodium bicarbonate and citric acid as nucleus forming
agent were added to polystyrene resin in a body
portion of the first extruder 11 so that the mixture
was  contained by 1 wt% of the resin, and mixed and
melted. After mixing the melt,  high-molecular-weight
ester ditridecyl adipate and polybutene each serving
as a 10 blending agent were added to the melt with a
pump (not illustrated) provided on the  extrusion line
so that each blending agent was contained by 0.5 wt%
of the resin.  Then, pure nitrogen gas (99.9998% in
purity) pressurized to 3,000 psi with a pressure
controller (not illustrated) was introduced into the
polystyrene resin melt in the first  extruder 11 and
the melt was kneaded with a screw provided in the body
portion of the  15 extruder 11. The kneaded resin melt
was transferred from the first extruder 11 to the
cooling extruder 12, and cooled to the temperature
appropriate to the extrusion.  The cooled resin melt
was transferred to a co-extrusion two-layer annular
die 20 20 provided at the front end of the extruder
12. The extrusion temperature was about  340 OF On the
other hand, about 85 parts of crystal polystyrene
having a  weight-average molecular weight of about
200,000 and a meltflow value of about 7,  25 about 5
parts of polypropylene, about 5 parts of
styrene-butadiene block copolymer as compatibilizer,
and further about 5 parts of titanium oxides for
controlling the color  tone of the foamed sheet were
introduced into the second extruder 13. The molten
resin melt adjusted to 400 OF in temperature was
transferred from the second extruder  13 to the
annular die (co-extrusion two-layer annular die) 20
provided at the front end 30 of the cooling extruder
12. At the same time, the melt containing nitrogen gas
as  foaming agent in the first extruder 11 was also
transferred to the annular die 20, and  co-extruded
from an orifice of the annular die 20 (co-extrusion
two-layer annular die)  21 Date of receipt: 10 August
2007 (10.08.2007) PCT/US2007/011505  



PCT/US200; iii !`Ii !Ii f `I with the melt adhered to
the upper layer of the non-foamed polystyrene sheet
from the  second extruder 13. Immediately after the
extrusion of the cylindrical polystyrene sheet 21 from
5 the die 20, generation of foamed cells in the sheet
started. The sheet 21 was  transferred toward the
cooling mandrel 24. At this time, the inner and outer
surfaces  of the cylindrical foamed sheet 21 were
cooled with air at between the extrusion die 20  and
the cooling mandrel 24 having a diameter larger than
that of the extrusion die, 20.  Before the temperature
of polystyrene drops to the softening point, the sheet
cylinder 10 21 was stretched in the circumference
direction to provide heat shrinkage property,.  The
blowup ratio was set to 1.75. Furthermore, in order to
simultaneously perform  the stretching in the
longitudinal direction, tension was applied with nip
rolls so that  the heat shrinkage ratio became 18 % in
the extrusion direction (hereinafter may -be  referred
to as "Machine Direction (MD)") at 210 OF as one of
heat shrinkable conditions 15 of a heat shrinkable
label. Thereafter, the sheet was cut with a cutter 31
and wound  on winding rolls 33 and 34. The target
thickness of the co-extruded sheet was set to about
170 pm  25  pm and the target thickness of the
non-foamed layer was set to about 13 pm  2 pm  20 at
the time of the winding. Immediately after the
extrusion of the polystyrene sheet 21, although
foaming  starts in the upper layer portion of the
polystyrene sheet 21 since the nitrogen  dissolved
therein is decreased in pressure from the
supercritical state to a normal 25 pressure and at the
same time the sheet 21 is cooled by air injected from
the air ring  22 disposed adjacent to the extrusion
die 20 against the cylindrical polystyrene sheet  21
at an acute angle, before the temperature of the
foamed polystyrene reaches the  glass transition
point, the stretching of the sheet in the
circumference direction thereof  toward the mandrel 24
as well as in the longitudinal direction by applying
tension with  30 the nip rolls was completed. In the
course of cooling the cylindrical polystyrene sheet
21, various  22 Date of receipt: 10 August 2007
(10.08.2007) PCT/US2007/011505 , , ,.:,. PCT/US200;. ,
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foamed sheet 21, such as, e.g., cell size, cell shape,
and the  surface state, will be determined.
Accordingly, In this embodiment, an inner cooling
ring 26 was provided between the extrusion die 20 and
the cooling mandrel 24 to cool  the inner surface of
the cylindrical sheet 21 by the cooling air injected
from the inner 5 cooling ring 26. Furthermore, in
order to effectively cool the outer surface of the
cylindrical sheet 21, the annular air ring 22 was
provided adjacent to the output  portion of the
extrusion die 20 so that cooling air was supplied from
the air ring 22  against the outer surface of the
sheet 21 at an acute angle to prevent the
deterioration  of the cooling effect due to air.
turbulent flow. The air pressure against the outer 10
surface of the sheet 21 by the air ring 22 and the air
pressure against the inner surface  of the sheet 21 by
the inner cooling ring 26 were set to the same. as
those employed In  producing a conventional heat
shrinkable sheet for labels. The polystyrene sheet 21
cooled by air from the inside and outside thereof was
15 further forcibly cooled to the glass transition
temperature or below with a  water-cooling type
mandrel 24 and a water cooling type mandrel ring 23
disposed  before the mandrel 24. The temperature of
the mandrel 24 and that of the mandrel  ring 23 were
set to the same. conditions as in a conventional
method by water cooling. 20 Furthermore, the cooled
sheet 21 was cut into halves with a cutter 31, and
wounded on a winding reel 33, 34 via nip rolls,
respectively. With respect to the above, as disclosed
in U.S. Patent No. 6,406,653, in cooling  a
co-extruded sheet in which only the non-foamed layer 3
is multilayered, it is known  25 to use a mandrel
having a smoothed surface. However, the application of
this technique to this embodiment caused a breakage of
the sheet, and therefore it was not  appropriate. The
present inventors found it possible to smoothen the
surface of the  non-formed layer by initially cooling
the sheet 21 by a mandrel ring 23 having a  polished
nickel/chromium plating surface and then by a
conventional cooling mandrel 30 24. The present
inventors also found the fact that this is not
sufficient to obtain a  high-grade printing surface
due to the foamed cells formed in the foamed layer 2
and  that it is necessary to minimize the influence of
the foamed layer 2 on the surface 23  { Date of
receipt: 10 August 2007 (10.08.2007) PCT/US2007/011505
~, ; ,~,, PCT/US200 
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the printing surface of the non-foamed layer 3 by
controlling the size of  the foamed cells in the
foamed layer as small as possible. The present
inventors  considered that since the thickness of the
non-foamed layer 3 to be printed is as small  as about
13 pm, the surface state of the foamed cells of the
foamed polystyrene layer 5 2 disposed under the
non-foamed layer 3 affects the surface state of the
non-foamed  layer 3. Accordingly, the non-foamed layer
3 of the co-extruded sheet 21 consisting of  the
non-foamed layer 3 and the foamed layer 2 was brought
into direct contact with  10 the mandrel ring 23 to
perform the cooling, and then cooled by the mandrel 24
to improve the surface smoothness of the non-foamed
layer 3. Furthermore, the sheet  21 was quickly and
forcibly cooled by applying cooling air from the
outside so that the  size of the foamed cells in the
foamed layer 2 becomes as small as possible. 15 Next,
Examples 2 to 9 will be explained. In Examples 2 to 9,
the cooling  conditions of the external side of the
foamed sheet 21 using air immediately after the
extrusion of the foamed sheet, the cooling conditions
of the internal side of the foamed  sheet 21 by air,
the cooling conditions of the internal side of the
foamed sheet 21 by  the mandrel ring 23, and the
cooling conditions of the internal side of the foamed
sheet  20 21 by the mandrel 24, were changed. EXAMPLE
2 A formed sheet was obtained under the same
conditions as in Example 1  except that the outer air
pressure was increased by 34 % to cool the outside of
the  25 foamed sheet using air. EXAMPLE 3 A formed
sheet was obtained under the same conditions as in
Example 1  except that the outer air pressure was
decreased by 50 % to cool the outside of the  30
foamed sheet using air. EXAMPLE 4 24 ~ SON, 00 ', ' ~~
~Il~~ill l~{ VIII Date of receipt: 10 August 2007
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A formed sheet was obtained under the same conditions
as in Example 1  except that the inner air pressure
was increased by 6 % to cool the inner side of the
foamed sheet using air. 5 EXAMPLE 5 A formed sheet was
obtained under the same conditions as in Example 1
except that the inner air pressure was decreased by
50% to cool the inner side of the  foamed sheet using
air. 10 EXAMPLE 6 A formed sheet was obtained under
the same conditions as in Example 1  except that the
mandrel ring temperature was decreased by 20'% to cool
the Inner  side of the foamed sheet with the mandrel
ring. 15 EXAMPLE 7 A formed sheet was obtained under
the same conditions as in Example 1  except that the
mandrel ring temperature was increased by 30 % to cool
the inner side  of the foamed sheet. with the mandrel
ring. 20 EXAMPLE 8 A formed sheet was obtained under
the same conditions as In Example 1  except that the
mandrel temperature was decreased by 20 % to cool the
inner side of  the foamed sheet with the mandrel. 25
EXAMPLE 9 A formed sheet was obtained under the same
conditions as in Example 1  except that the mandrel
temperature was increased by 10 % to cool the inner
side of  the foamed sheet with the mandrel. 30
COMPARATIVE EXAMPLE 1 A foamed sheet was obtained
under the same conditions including the raw  material,
the composition and the cooling conditions as in
Example 1 only except that  25 1022 "".0.11,
IMN1111IM1111111 Date of receipt: 10 August 2007
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layer was transferred in advance to the annular
extrusion die and  formed into a cylinder shape within
the die before the extrusion, and then a  non-foamed
layer was coated on the external surface of the
cylindrical structure to  



extrude the two-layered structure from the extrusion
die. In detail, in the process of 5 Comparative
example 1, the polystyrene resin and propylene resin
for the foamed layer  and the non-foamed layer as raw
materials, nucleus forming agent, polybutene, and
high-molecular weight ester were the same as those of
Example 1, and the amounts  thereof were the same as
in Example 1. In addition, nitrogen was used as the
foaming agent in the same manner as in Example 1, and
the pressure and the amount  10 thereof were the same
as those in Example 1. The extruder, the extrusion
conditions,  the stretching conditions, and the
cooling conditions were the same as those in Example
1. However, the only difference between Comparative
Example 1 and  Example 1 was as follows. Molten resin
for the foamed layer was Introduced in  advance into
the die portion provided at the front end of the
cooling extruder of the 15 first extruder and formed
into a cylinder shape within the die, and then a
molten resin  for the non-foamed layer was applied
onto the upper surface of the cylindrical  structure
to extrude the cylindrical sheet consisting of an
upper non-foamed  polystyrene layer and a lower foamed
polystyrene layer through the extrusion die.  After
the extrusion, since the non-foamed layer was disposed
on the outer surface of 20 the cylindrical co-extruded
sheet and the foamed polystyrene layer was disposed on
the inner surface of the cylindrical sheet, the
cooling was performed using air from the  inside and
the outside. The inner surface of the sheet came into
contact with the  mandrel ring 23 and the surface of
the mandrel 24 to be cooled. The non-foamed  layer was
cooled only by air from the outside through the
annular air ring 22 at the exit 25 of the extruder. In
brief, the extrusion and the cooling were performed in
such a state  in which the inner surface and the outer
surface of the non-foamed layer/foamed layer  sheet
were opposite to those in Example 1. COMPARATIVE
EXAMPLE 2 30 As foamed sheet was obtained under the
same conditions as in Comparative  Example 1 except
that the mixture of nitrogen and air (94 % nitrogen)
was used as  foaming agent. Comparative example 2 was
different from Example 1 in that the  26 MIAMI OR
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l l It I it foamed layer was disposed at the outside
of the cylindrical sheet and the mixture of  nitrogen
and air was used as foaming agent. As to each foamed
sheet of the aforementioned Examples 1-9 and 5
Comparative Examples 1-2, the non-foamed layer surface
was subjected to a printing  test, and surface
glossiness and surface smoothness of the non-foamed
layer were  evaluated. Furthermore, the dimensions of
the foamed cells formed in the foamed  layer were
measured. The surface glossiness and the surface
smoothness were  measured according to the standard of
the ISO respectively. 10 In measuring various
dimensions of the foamed cells formed in the foamed
layer, a cross-section in the extrusion direction
(hereinafter referred to as "Machine  Direction (MD)")
of the foamed sheet and a cross-section perpendicular
to the  extrusion direction (hereinafter referred to
as "Transverse Direction (TD)") of the 15 foamed sheet
were observed using a scanning electron microscope to
analyze the  foamed cells. The dimensions of the
foamed cells appeared in the cross-section of  the
resin (the number, the length, the width, the area,
the circumferential length, the  aspect ratio, the
equivalent diameter, and the density (the total area
of the foamed  cells per unit area) of the foamed
cells) were measured using an image analysis 20
device. The measurement method will be detailed as
follows. 1. Observation of Cross-section of Foamed
Polystyrene Sheet using Scanning Electron  25
Microscope and Calculation of Foamed Cell Size O
Treatment of Sample (cutting of the polystyrene
sheet):  Deposition of Pt after cutting the sample
frozen by nitrogen liquid  O Observation using
Electron Microscope: Each cross-section in the TD and
MD were observed using the field emission  30 scanning
electron microscope (S-800 type of SEM, manufactured
by Hitachi, Ltd.) at  300 X magnification under the
condition of the accelerating voltage is 6 kV in such
a  manner that the entire cross-section was displayed
within one screen. Two points  27 I~~II,.` .'. {>
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the TD, the observation was performed such that the
entire  thickness of the sheet was displayed at 300 X
magnification. In the MD, in the same  manner as in
the TD observation, the observation was performed such
that the entire  thickness of the sheet was displayed
at 300 X magnification. This observation was 5
repeated three times. Tow points were observed.  (c)
Measurement of Size of Foamed cell: The secondary
electron cross-sectional image of each foamed cell of
the  foamed sheet obtained by the scanning electron
microscope at 300 X magnification  was correctly
decaled on a transparent sheet together with criteria
showing length and 10 area. Thereafter, the image was
read with a personal computer and binarized to  obtain
a foamed cell image with a clear boundary. Then, each
parameter of the  foamed call image was measured with
image processing software "image pro plus  version
4.0" manufactured by Media Cybernetics, Inc.
Concretely, as shown in Fig. 4, the length L and the
width W of the foamed cell  15 in the sheet
cross-section in the MD were defined as the longest
cell length and the  longest width of the foamed cell
formed in a shape of a leaf extending almost in
parallel to the non-foamed surface. The length L and
the width W were optically  measured and the average
length and the average width were obtained. The width
W and the height H of the foamed cell in the TD were
defined as the longest width and 20 the highest height
of the foamed cell extending almost in parallel to the
non-foamed  surface, respectively, and measured in the
same manner as mentioned above. Then,  the average
width and the average height were obtained. As to the
number of cells, the binarized number of foamed cells
was counted  and converted into the number of foamed
cells per unit area (mm2). 25 As to the area of the
foamed cell and the circumferential length of the
foamed  cell, the area of each cell and the
circumferential length of each cell were measured
using the image processing software and the average
values thereof were obtained in  the same manner as in
the measurement of the length of the cell. As to the
equivalent diameter of the foamed cell, each
equivalent diameter was  30 obtained based on measured
results by calculation (i.e., 4 x the surface area of
the  foamed cell / the circumferential length of the
foamed cell). The average value was  calculated from
the total area and the total circumferential length of
the entire foamed 
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As to the total cell area of the foamed cells per unit
area, it was obtained by  adding each area of the
measured foamed cells and converting it into a unit
area per  area (mm2). 5 Each of the aforementioned
value is an average of values at two observation
points in the cross-section of the foamed sheet. With
respect to the measurement, in the case of a portion
in which the  interface between the cell and the resin
was dim due to burrs, the measurement was  performed
using the straight lines extending from both sides of
the above-mentioned 10 portion. Furthermore, with
respect to the image processing of the foamed cell
which  was not entirely displayed within ends of the
field of vision, the field of vision was  considered
1/2 of the size of the foamed cell. 2. Measurement of
Surface Smoothness using Print Surf Process (based on
ISO  15 8791-4): The surface smoothness of the surface
of the non-foamed layer (solid layer) of  the
co-extruded polystyrene sheet was measured at 10
points using Parker Print Surf  Flex Tester,
manufactured by Lorentzen & Wetter Co., at an air
pressure of 300 kPa to  obtain the average PPS
smoothness and the maximum PPS smoothness. 20 3.
Measurement of Surface Glossiness (based on ISO
2813-1994):  Reflectance of the surface of the
non-foamed layer (solid layer) of the  co-extruded
polystyrene sheet was measured at five points using
UGV-5DV, a digital  variable angle glossiness meter
manufactured by Suga Test Instruments Co., Ltd. in 25
the MD and TD at an incident angle of 60 and light
receiving angle of 60, and the  average value was
calculated. 4. Printing Test Clearness of characters
printed on the non-foamed layer by electrostatic  30
printing was observed with the naked eye or using an
optical microscope (100 X  



magnification), and evaluated by the following three
level evaluation. Print image with a clear boundary: O
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llfll~lflfilll llllll~lllllll-.I  Normal print image
with a slightly dim boundary: 0 Commercially
unacceptable blurred print image:. x As to the
aforementioned Examples 1-9 and Comparative Examples
1-2, the  5 measured results of the cell width, the
cell height, the average cell area, the average
circumferential length, the average cell equivalent
diameter, the average number of  cells per unit area,
the total cell area per unit area, the surface
glossiness, the PPS  smoothness are shown in Tables 1
and 2. Furthermore, as to each of Examples and
Comparative Examples, evaluation results on the print
clearness and the surface  10 glossiness after
printing are also shown in Table 2. 30  ~ ~~~l;
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10 Example 1 1.25 00 37.12 74.96  Example 2 1.33 00
31.94 70.96  Example 3 1.34 00 33.40 70.08  Example 4
1.40 00 33.12 69.90  Example 5 1.49 00 31.50 69.14 15
Example 6 1.27 00 32.74 68.66  Example 7 1.44 00 33.60
71.98  Example 8 1.30 00 30.70 69.40  Example 9 1.34
00 .33.34 72.02 20 Com. Ex. 1 1.55 0 23.38 51.54  Com.
Ex. 2 2.70 X 25.18 45.38 The above results revealed
that in each of Examples 1-9 in which the extrusion
25 and cooling the polystyrene sheet was reversed with
respect to a conventional method,  the surface
glossiness of the non-foamed layer in the MD as well
as in the TD exceeded  that of each of Comparative
Examples 1-2. In each of Examples 1-9, the surface
smoothness was smaller than that of each of
Comparative Examples 1-2, and a  polystyrene foamed
sheet excellent in printing nature was obtained. 30 In
Examples 1-9, even after printing, the print clearness
was excellent, and a  label having excellent surface
glossiness and high-grade texture was obtained. From
the above results, it is understood that a heat
shrinkable foamed sheet  35 satisfying at least the
following conditions (1)-(7) is excellent in surface
smoothness,  printing nature, and glossiness and can
provide high-grade nature. [Conditions]  (1) the
non-foamed layer is about 1.49 m or less in maximum
surface smoothness  measured in accordance with
IS08791-4, -32 1~~~16~f11
~~4~1~~~~Q~'~''llllllilillllllfllflfl~ll Date of
receipt: 10 August 2007 (10.08.2007) PCT/US2007/011505
0i itr. N' "'11 kit .~ .Tl. ,,.I I.': PCT/US200 t.
l~ic,1~~~r:::~ << a~J~: ~:~ tt~i tt
fiiiilli{flll~l~flllffflfflli  and/or (2) the average
equivalent diameter of the foamed cells in the
cross-section taken  along the extrusion direction of
the formed layer is about 17.1 m or less and the  



average equivalent diameter of the foamed cells in the
cross-section taken along the 5 direction
perpendicular to the extrusion direction is about 18.4
m or less,  and/or (3) the average length of the
foamed cells of the foamed layer in the cross-section
taken along the extrusion direction of the formed
layer is about 167.0 m or less and  the average length
of the foamed cells of the foamed layer in the
cross-section taken 10 along the direction
perpendicular to the extrusion direction of the formed
layer is about  66.2 m or less, and/or  (4) the
average height of the foamed cells formed in the
foamed layer in the  cross-section taken along the
extrusion direction of the formed layer is about 12.0
m 15 or less and the average height of the foamed
cells formed in the foamed layer in the  cross-section
taken along the direction perpendicular to the
extrusion direction of the  formed layer is about 11.6
m or less, and/or  (5) the average area of the foamed
cells in the cross-section taken along the extrusion
20 direction of the formed layer is about 1,462.0
m2/cell or less and the average area of the foamed
cells in the cross-section taken along the direction
perpendicular to the  extrusion direction of the
formed layer is about 549.1 m2/cell or less, and/or
(6) the average circumferential length of the foamed
cells in the cross-section taken  25 along the
extrusion direction of the formed layer is about 342.1
m or less, and/or and the average circumferential
length of the foamed cells of the foamed layer  in the
cross-section taken along the direction perpendicular
to the extrusion direction  of the formed layer is
about 138.0 m or less, -33
~~~~I~I~~ll~'3a~{~~~'IIIII~IIIIll81il111!(!I Date of
receipt: 10 August 2007 (10.08.2007) PCT/US2007/011505
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I.Mk (7) the average number of foamed cells formed in
the foamed layer per unit area in the  cross-section
taken along the extrusion direction of the formed
layer is about 349.5  cells/mm2 or more and exceeds
the average number of the foamed cells formed in the
foamed layer per unit area in the cross-section taken
along the direction perpendicular 



5 to the extrusion direction of the formed layer is
about 647.9 cells/mm2. Next, based on the above test
data, the present inventors further conducted  an
investigation on the correlation between the
glossiness/smoothness of the surface  of the
non-foamed layer before printing and each cell
parameter. The results are  10 shown in Tables 3 and
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5 5  0 0 0.5 1 1.5 2 2.5 3  Max. smoothness({! m)
Graph 25 10 As will be apparent from the above
results, it is confirmed that there is a strong
correlation between the surface smoothness and each
dimension of the foamed cell  and between the
glossiness and each dimension of the foamed cell
except for certain  dimensions. This means that a heat
shrinkable foamed sheet excellent in surface  nature
and printing nature within the present invention can
be obtained even if cell 15 dimensions fall outside
the aforementioned condition ranges (1) to (7). In
other  words, based on the aforementioned
correlations, it is understood that a heat  shrinkable
foamed sheet satisfying the following conditions (8)
to (14) is excellent in  surface smoothness, printing
nature, and glossiness and can provide high-grade
nature as compared with conventional foamed sheets. 20
[Conditions] (8) the non-foamed layer is less than
about 1.55 m in maximum surface smoothness  measured
in accordance with IS08791-4, and/or  (9) the foamed
layer is less than about 20.4 gm in average equivalent
diameter of  25 foamed cells formed in the foamed
layer in a cross-section taken along an extrusion
direction of the formed layer and less than about 20.0
m in average equivalent  diameter of foamed cells
formed in the foamed layer in a cross-section taken
along a  direction perpendicular to the extrusion
direction, and/or -47
I~~~~1~~'~~~~~1li~~lIIIII~II!!!!II(li Date of receipt:
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the foamed layer is less than about 231.5 m in average
length of foamed cells  formed in the foamed layer in
a cross-section taken along an extrusion direction of
the  formed layer, 



and/or  5 (11) the foamed layer is less than about
15.0 m in average height of foamed cells  formed in
the foamed layer in a cross-section taken along an
extrusion direction of the  formed layer and the
foamed layer is less than about 15.2 .tm in average
height of the  foamed cells formed in the foamed layer
in a cross-section taken along a direction
perpendicular to the extrusion direction of the formed
layer, 10 and/or (12) the foamed layer Is less than
about 2,511.6 m2/cell in average area of foamed  cells
formed in the foamed layer in a cross-section taken
along an extrusion direction of  the formed layer and
the foamed layer is less than about 970.7 m2/cell in
average  area of foamed cells formed in the foamed
layer In a cross-section taken along a 15 direction
perpendicular to the extrusion direction of the formed
layer,  and/or (13) the foamed sheet is less than
about 468.7 m in average circumferential length of
foamed cells formed in the foamed layer in a
cross-section taken along an extrusion  direction of
the formed layer, 20 and/or (14) the foamed layer
exceeds about 195.5 cells/mm2 in average number of
foamed  cells formed in the foamed layer per unit area
in a cross-section taken along an  extrusion direction
of the formed layer. 25 In the above explanation, the
heat shrinkable foamed sheets consisting of a  foamed
polystyrene layer and a non-foamed polystyrene layer
sheet formed by  co-extrusion was exemplified. It
should be understood, however, that the present
invention is not limited to the above. A heat
shrinkable foamed sheet excellent in  surface quality
can be produced by separately, producing a foamed
sheet and a -48- I Date of receipt: 10 August 2007
(10.08.2007) PCT/US2007/011505 , 1
PCT/US20QIIIII~~(]~': , M  . Iii iltlllll NO
non-foamed sheet and then laminating them.
Furthermore, in the above explanation, a foamed sheet
formed by two layers,  i.e., a foamed layer and a
non-foamed layer, was exemplified. However, the
present  



5 invention is not limited to this. For example, it
should be understood that the present invention can
also be applied to a multi-layered foamed sheet having
three or more  layers. In the aforementioned examples,
the method for cooling the extruded foamed  10 sheet
was revised as opposed to a conventional method. That
is, a conventional.  method for cooling a non-foamed
layer (surface skin layer) is applied to the cooling
of  a foamed layer and a conventional method for
cooling a foamed layer (core layer) is  applied to the
cooling of a non-formed layer. Accordingly, it is
considered that the  cooling speed of the foamed layer
Is enhanced, causing an Improved surface 15 smoothness
of the foamed layer, which in turn results in
excellent surface smoothness  of the non-foamed layer.
In the aforementioned examples, the foamed sheet was
subjected to a  required extension treatment between
the extrusion die and the cooling mandrel. In  20
detail, the cylindrical sheet extruded from the
annular die of the extruder is stretched in the
circumferential direction thereof by blowing before
being cooled to the glass  transient point or below
and also stretched in the longitudinal direction
thereof by a  tensile force applied by nip rolls.
Thus, the foamed cell was formed not into a circular
shape but into a flattened shape extended both in the
circumferential direction and in 25 . the longitudinal
direction and very small in size. Accordingly, it is
considered that. the  small dimensions resulted in
small surface roughness of the foamed layer surface at
the boundary of the foamed layer/non-foamed layer,
which made a positive impact on  the non-foamed layer
as a surface skin layer to thereby improve the surface
smoothness and the glossiness. 30 Furthermore, it is
also considered that the cooling of the extruded
foamed  sheet performed by bringing the surface of the
non-formed layer into direct contact  - 49  I(II;
?~I!(IIIIl~illlllll Date of receipt: 10 August 2007
(10.08.2007) PCT/US2007/011505 << -~ ~~ ,~ ~~ . l
r~'.:"~" '';i;il 4t'I;' PCT/US200,1: Mg 1[1  with the
mandrel ring was contributed to the nortable
improvement of the surface  smoothness and glossiness
of the surface of the non-foamed layer. While the
present invention may be embodied in many different
forms, a 5 number of illustrative embodiments are
described herein with the understanding that  



the present disclosure is to be considered as
providing examples of the principles of  the Invention
and such examples are not Intended to limit the
invention to preferred  embodiments described herein
and/or illustrated herein. 10 While illustrative
embodiments of the invention have been described
herein,  the present invention is not limited to the
various preferred embodiments described  herein, but
includes any and all embodiments having equivalent
elements, modifications, omissions, combinations
(e.g., of aspects across various embodiments),
adaptations and/or alterations as would be appreciated
by those in the art based on  15 the present
disclosure. The limitations in the claims are to be
interpreted broadly based on the language employed in
the claims and not limited to examples described  in
the present specification or during the prosecution of
the application, which  examples are to be construed
as non-exclusive. For example, in the present
disclosure, the term "preferably" is non-exclusive and
means "preferably, but not 20 limited to." In this
disclosure and during the prosecution of this
application,  means-plus-function or
step-plus-function limitations will only be employed
where for  a specific claim limitation all of the
following conditions are present in that limitation:
a) "means for" or "step for" is expressly recited; b)
a corresponding function is expressly recited; and c)
structure, material or acts that support that
structure are not  25 recited. In this disclosure and
during the prosecution of this application, the
terminology "present invention" or "invention" may be
used as a reference to one or  more aspect within the
present disclosure. The language present invention or
invention should not be improperly interpreted as an
identification of criticality, should  not be
improperly interpreted as applying across all aspects
or embodiments (i.e., it 30 should be understood that
the present invention has a number of aspects and
embodiments), and should not be improperly Interpreted
as limiting the scope of the  application or claims.
In this disclosure and during the prosecution of this
application,  -50 ~l -INV I. Ill li(illilll !!ll~ll
Date of receipt: 10 August 2007 (10.08.2007)
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terminology "embodiment" can be used to describe any
aspect, feature, process or  step, any combination
thereof, and/or any portion thereof, etc. In some
examples,  various embodiments may include overlapping
features. In this disclosure and during  



the prosecution of this case, the following
abbreviated terminology may be employed: 5 "e.g."
which means for example;" and "NB" which means "note
well."  -51 ~Illlflll!? ;llill0iifilllllllill Date of
receipt: 10 August 2007 (10.08.2007) PCTIUS2007/011505
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~~~Ifiul~~l~lfiff~l~llll~f~~f~~f~lll! CLAIMS  1. A
heat shrinkable foamed sheet, comprising:  a foamed
layer constituting a core layer; and a non-foamed
layer constituting a surface skin layer integrally
formed on the  formed layer, wherein the non-foamed
layer is less than about 1.55 gm in maximum surface
smoothness measured in accordance with IS08791-4. 2.
The heat shrinkable formed sheet as recited in claim
1, wherein the  maximum surface smoothness is about
1.49 pm or less. 3. A heat shrinkable foamed sheet,
comprising:  a foamed layer constituting a core layer;
and a non-foamed layer constituting a surface skin
layer integrally formed on the  formed layer, wherein
the foamed layer is less than about 20.4 m in average
equivalent  diameter of foamed cells formed in the
foamed layer in a cross-section taken along an
extrusion direction of the formed layer and less than
about 20.0 m in average  equivalent diameter of foamed
cells formed in the foamed layer in a cross-section
taken along a direction perpendicular to the extrusion
direction. 4. The heat shrinkable as recited in claim
3, wherein the average equivalent  diameter of the
foamed cell in the cross-section taken along the
extrusion direction of  the formed layer is about 18.8
m or less and the average equivalent diameter of the
foamed cell in the cross-section taken along the
direction perpendicular to the extrusion direction is
about 19.2 m or less.  -52 Date of receipt: 10 August
2007 (10.08.2007) PCT/US2007/011505  PCT/US200, j11jig
i7 iili;:1~~1 Il I . 111011111111 



5. The heat shrinkable as recited in claim 3, wherein
the average equivalent  diameter of the foamed cell in
the cross-section taken along the extrusion direction
of  the formed layer is about 17.1 m or less and the
average equivalent diameter of the  foamed cell in the
cross-section taken along the direction perpendicular
to the extrusion direction is about 18.4 m or less. 6.
The heat shrinkable as recited in any one of claims 3
to 5, wherein the  maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  7. The
heat shrinkable as recited in any one of claims 3 to
5, wherein the maximum surface smoothness of the
non-foamed layer is about 1.49 m or less.  8. A heat
shrinkable foamed sheet, comprising: a foamed layer
constituting a core layer; and a non-foamed layer
constituting a surface skin layer integrally formed on
the  formed layer, wherein the foamed layer is less
than 231.5 pm in average length of a foamed  cell of
the foamed layer in a cross-section taken along an
extrusion direction of the  formed layer. 9. The heat
shrinkable foamed sheet as recited in claim 8, wherein
the  average length of the foamed cell of the foamed
layer in the cross-section taken along  the extrusion
direction of the formed layer is about 199.3 pm or.
less. 10. The heat shrinkable foamed sheet as recited
in claim 8, wherein the  average length of the foamed
cell of the foamed layer in the cross-section taken
along  the extrusion direction of the formed layer is
about 167.0 m or less and the average  length of the
foamed cell of the foamed layer in the cross-section
taken along the -53 Date of receipt: 10 August 2007
(10.08.2007) PCT/US2007/011505 PCT/US200~~, ~ ~,
~1~~f-~.~!a~L,ll~ ~!: :~:,dlllllll ~~ " #
111111I1[f[Ilfifi[[fiflllfl6ifl~f[(!~! direction
perpendicular to the extrusion direction of the formed
layer is about 66.2  m or less. 11. The heat
shrinkable as recited in any one of claims 8 to 10,
wherein the  maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  12. The
heat shrinkable as recited in any one of claims 8 to
10, wherein the maximum surface smoothness of the
non-foamed layer is about 1.49 m or less.  13. A heat
shrinkable foamed sheet, comprising: 



a foamed layer constituting a core layer; and a
non-foamed layer constituting a surface skin layer
integrally formed on the  formed layer, wherein the
average height of the foamed cells formed in the
foamed layer in a  cross-section taken along an
extrusion direction of the formed layer is less than
about  15.0 m and the average height of the foamed
cells formed in the foamed layer in a  cross-section
taken along a direction perpendicular to the extrusion
direction of the  formed layer is less than about 15.2
m. 14. The heat shrinkable foamed sheet as recited in
claim 13, wherein the  average height of the foamed
cells formed in the foamed.layer in the cross-section
taken along the extrusion direction of the formed
layer is about 13.5 m or less and the  average height
of the foamed cells formed in the foamed layer in the
cross-section  taken along the direction perpendicular
to the extrusion direction of the formed layer is
about 13.4 pm or less. 15. The heat shrinkable foamed
sheet as recited in claim 13, wherein the  average
height of the foamed cells formed in the foamed layer
in the cross-section  -54 ENNEN- IIII IIf
l~i~lllllllil Date of receipt: 10 August 2007
(10.08.2007) PCT/US2007/011505 PCT/US200:
:~~~I~fflll[[Iffl(~~IIII[~Illi[i~ taken along the
extrusion direction of the formed layer is about 12.0
m or less and the  average height of the foamed cells
formed in the foamed layer in the cross-section  taken
along the direction perpendicular to the extrusion
direction of the formed layer is  about 11.6 pm or
less. 16. The heat shrinkable as recited in any one of
claims 13 to 15, wherein the  maximum surface
smoothness of the non-foamed layer is less than about
1.55 m.  17. The heat shrinkable as recited in any one
of claims 13 to 15, wherein the maximum surface
smoothness of the non-foamed layer is about 1.49 m or
less.  18. A heat shrinkable foamed sheet, comprising:
a foamed layer constituting a core layer; and a
non-foamed layer constituting a surface skin layer
integrally formed on the  formed layer, wherein the
foamed layer is less than about 2,511.6 m2/cell in
average area  



of foamed cells formed in the foamed layer in a
cross-section taken along an extrusion  direction of
the formed layer and the foamed layer is less than
about 970.7 m2/cell in  average area of foamed cells
formed in the foamed layer in a cross-section taken
along  a direction perpendicular to the extrusion
direction of the formed layer. 19. The heat shrinkable
as recited in claim 18, wherein the average area of
the foamed cells in the cross-section taken along the
extrusion direction of the formed  layer is about
1,986.8 m2/cell or less and the average area of the
foamed cells in the  cross-section taken along the
direction perpendicular to the extrusion direction of
the  formed layer is about 759.5 m2/cell or less. 20.
The heat shrinkable as recited in claim 18, wherein
the average area of  -55 1~,~1'~1~1,~~11~
~~>~!!i!l!!I!!li(!(IIIlllfl Date of receipt: 10 August
2007 (10.08.2007) PCT/US2007/011505 PCTIUS200 ".41" ';
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the cross-section taken along the extrusion direction
of the formed  layer is about 1,462.0 m2/cell or less
and the average area of the foamed cells in the
cross-section taken along the direction perpendicular
to the extrusion direction of the  formed layer is
about 549.1 m2/cell or less. 21. The heat shrinkable
as recited in any one of claims 18 to 20, wherein the
maximum surface smoothness of the non-foamed layer is
less than about 1.55 m.  22. The heat shrinkable as
recited in any one of claims 18 to 20, wherein the
maximum surface smoothness of the non-foamed layer is
about 1.49 pm or less.  23. A heat shrinkable foamed
sheet, comprising: a foamed layer constituting a core
layer; and a non-foamed layer constituting a surface
skin layer integrally formed on the  formed layer,
wherein the foamed sheet is less than about 468.7 tm
in average  circumferential length of foamed cells of
the foamed layer in a cross-section taken  along an
extrusion direction of the formed layer. 24. The heat
shrinkable as recited in claim 23, wherein the average
circumferential length of the foamed cells of the
foamed layer in the cross-section  taken along the
extrusion direction of the formed layer is about 405.4
gm or less.  



25. The heat shrinkable as recited in claim 23,
wherein the average circumferential length of the
foamed cells of the foamed layer in the cross-section
taken along the extrusion direction of the formed
layer is about 342.1 m or less and  the average
circumferential length of the foamed cells of the
foamed layer in the  cross-section taken along the
direction perpendicular to the extrusion direction of
the - 56  iHOW '1II11111IIIIIIIII Date of receipt: 10
August 2007 (10.08.2007) PCT/US2007/011505 11 MY, ul'
~,'' : ;'> 11'il;l PCTIUS200; I"In'Ilu"1'V. ?:,::::.:.
:.1~~,::~ :::~
Illl~~li(I~ff(IIIlliilfl(lflfl[!U!!!I[I!~  formed
layer is about 138.0 m or less. 26. The heat
shrinkable as recited in any one of claims 23 to 25,
wherein the  maximum surface smoothness of the
non-foamed layer is less than about 1.55 m.  27. The
heat shrinkable as recited in any one of claims 23 to
25, wherein the maximum surface smoothness of the
non-foamed layer is about 1.49 m or less.  28. A heat
shrinkable foamed sheet, comprising: a foamed layer
constituting a core layer; and a non-foamed layer
constituting a surface skin layer integrally formed on
the  formed layer, wherein the foamed layer exceeds
about 195.5 cells/mm2 in average number  of foamed
cells formed in the foamed layer per unit area in a
cross-section taken along  an extrusion direction of
the formed layer. 29. The heat shrinkable as recited
in claim 28, wherein the average number  of the foamed
cells formed in the foamed layer per unit area in the
cross-section taken  along the extrusion direction of
the formed layer is about 272.5 cells/mm2 or more. 30.
The heat shrinkable as recited in claim 28, wherein
the average number  of the foamed cells formed in the
foamed layer per unit area in the cross-section taken
along the extrusion direction of the formed layer is
about 349.5 cells/mm2 or more and  exceeds the average
number of the foamed cells formed in the foamed layer
per unit  area in the cross-section taken along the
direction perpendicular to the extrusion direction of
the formed layer is about 647.9 cells/mm2. 31. The
heat shrinkable as recited in any one of claims 28 to
30, wherein. the  -57 d~~lklll~lt~'~.`:~~.'.':i~!!u~`~
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surface smoothness of the non-foamed layer is less
than about 1.55 m.  32. The heat shrinkable as recited
in any one of claims 28 to 30, wherein the  maximum
surface smoothness of the non-foamed layer is about
1.49 m or less. 33. A heat shrinkable foamed sheet,
comprising:  a foamed layer constituting a core layer;
and a non-foamed layer constituting a surface skin
layer integrally formed on the  formed layer, wherein
the foamed layer is about 167.0 m or less in average
length of  foamed cells of the foamed layer in a
cross-section taken along an extrusion direction  of
the formed layer, about 342.1 gm or less in average
circumferential length of  foamed cells of the foamed
layer in the cross-section taken along the extrusion
direction of the formed layer, and about 349.5
cells/mm2 or more in average number of  foamed cells
formed in the foamed layer per unit area in the
cross-section taken along  the extrusion direction of
the formed layer. 34. The heat shrinkable as recited
in claim 33, wherein the maximum surface  smoothness
of the non-foamed layer is less than about 1.55 m. 35.
The heat shrinkable as recited in claim 33, wherein
the maximum surface  smoothness of the non-foamed
layer is about 1.49 m or less. 36. A heat shrinkable
foamed sheet, comprising:  a foamed layer constituting
a core layer; and a non-foamed layer constituting a
surface skin layer integrally formed on the  formed
layer, wherein the foamed layer is about 66.2 m or
less in average length of foamed  -58
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extrusion direction of the formed layer, about 138.0 m
or less in average  circumferential length of foamed
cells of the foamed layer in the cross-section taken
along the direction perpendicular to the extrusion
direction of the formed layer, and  exceeds about
647.9 cells/mm2 in average number of foamed cells
formed in the  foamed layer per unit area in the
cross-section taken along the direction perpendicular
to the extrusion direction of the formed layer. 37.
The heat shrinkable as recited in claim 36, wherein
the maximum surface  smoothness of the non-foamed
layer is less than about 1.55 m. 38. The heat
shrinkable as recited in claim 36, wherein the maximum
surface  smoothness of the non-foamed layer is about
1.49 m or less. 39. A heat shrinkable foamed sheet,
comprising:  a foamed layer constituting a core layer;
and a non-foamed layer constituting a surface skin
layer integrally formed on the  formed layer, wherein
the average equivalent diameter of the foamed cell in
the  cross-section taken along the extrusion direction
of the formed layer is about 17.1 ' m  or less and the
average equivalent diameter of the foamed cell in the
cross-section  taken along the direction perpendicular
to the extrusion direction is about 18.4 m or  less,
wherein the average length of the foamed cell of the
foamed layer in the  cross-section taken along the
extrusion direction of the formed layer is about 167.0
m  or less and the average length of the foamed cell
of the foamed layer in the  cross-section taken along
the direction perpendicular to the extrusion direction
of the  formed layer is about 66.2 m or less, -59
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average height of the foamed cells formed in the
foamed layer in the cross-section taken along the
extrusion direction of the formed layer is about 12.0
m or less and the average height of.the foamed cells
formed in the foamed layer in  



the cross-section taken along the direction
perpendicular to the extrusion direction of  the
formed layer is about 11.6 gm or less, wherein the
average area of the foamed cells in the cross-section
taken along  the extrusion direction of the formed
layer is about 1,462.0 m2/cell or less and the
average area of the foamed cells in the cross-section
taken along the direction  perpendicular to the
extrusion direction of the formed layer is about 549.0
m2/cell or  less, wherein the average circumferential
length of the foamed cells of the foamed  layer in the
cross-section taken along the extrusion direction of
the formed layer is  about 342.1 m or less and the
average circumferential length of the foamed cells of
the foamed layer in the cross-section taken along the
direction perpendicular to the  extrusion direction of
the formed layer is about 138.0 m or less, and wherein
the average number of the foamed cells formed in the
foamed layer  per unit area in the cross-section taken
along the extrusion direction of the formed  layer is
about 349.5 cells/mm2 or more and the average number
of the foamed cells  formed in the foamed layer per
unit area in the cross-section taken along the
direction  perpendicular to the extrusion direction of
the formed layer exceeds about 647.9  cells/mm2. 40.
The heat shrinkable as recited in claim 39, wherein
the maximum surface  smoothness of the non-foamed
layer is less than about 1.55 m. 41. The heat
shrinkable as recited in claim 39, wherein the maximum
surface  smoothness of the non-foamed layer is about
1.49 m or less. -60 ~~~~iI~I~~;i~ Date of receipt: 10
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sheet as recited claim 1 or 2, wherein the foamed
layer is formed by extruding a melt from a
co-extrusion  two layer annular extrusion die of one
of extruders, the melt containing a nucleus  forming
agent and at least one of polybutene, ditridecyl
adipate, diisodecyl adipate,  and trioctyl
trimellitate blended to a polystyrene resin acting as
a main component and  further containing at least one
of nitrogen,.carbon dioxide, and a mixture thereof in
a  supercritical state, and 



wherein the non-foamed layer is formed by extruding a
resin from the  co-extrusion two layer annular
extrusion die of the other of the extruders, the resin
being obtained by blending polyolefin, and a
compatibilizer of polystyrene and  polyolefin with
polystyrene as a main component, and melting them in a
state in which  the non-foamed layer is coated on the
foamed layer. 43. The heat shrinkable sheet as recited
claim 1 or 2, wherein the non-foamed  layer has a
print layer on a surface thereof. 44. A container,
comprising:  a container main body; and a heat
shrinkable sheet as recited in claim 1 or 2, wherein
the heat shrinkable sheet is closely adhered to a
peripheral surface of  the container main body in a
heat shrank manner. -61 ~ ~f~~f~l ~~'~~-'`~;
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