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DESCRIPTION 

LAYERED SHEETS AND PROCESSES FOR PRODUCING THE SAME 

 

TECHNICAL FIELD 

[0001] 5 

 The present invention relates to a layered sheet (a holding 

sheet and a backing sheet) used for holding and fixing optical 

materials such as lenses and reflecting mirrors, semiconductor 

wafers such as silicon wafers, glass substrates, metal substrates, 

disks, etc., to a polishing head when polishing the surfaces 10 

thereof, a layered sheet (pressure-sensitive adhesive sheet) 

used for holding or protecting semiconductor products such as 

semiconductor wafers, optical products, etc., in the step of 

precise processing the products, and a process for producing 

the same. 15 

 

BACKGROUND ART 

[0002] 

 Typical examples of materials requiring high surface 

flatness include a single crystal silicon disk referred to as 20 

a silicon wafer for manufacturing semiconductor integrated 

circuits (IC, LSI).  The silicon wafer is required to have a 

finished flat surface with high accuracy in each of steps of 

laminating and forming an oxide layer and a metal layer in order 

to form the reliable semiconductor junction of various thin films 25 

used for forming circuits in the steps of producing an IC, LSI, 

etc.  In the polishing and finishing steps, a polishing pad is 

generally stuck to a rotatable support disk referred to as a 

platen, and a material to be polished such as a silicon wafer 

is stuck to a polishing head. 30 

F-P07321TR(SG)  DESCRIPTION LAYERED SHEETS AND PROCESSES FOR PRODUCING THE
SAME  TECHNICAL FIELD 5 [0001] The present invention relates to a layered sheet (a holding  sheet
and a backing sheet) used for holding and fixing optical  materials such as lenses and reflecting mirrors,
semiconductor  wafers such as silicon wafers, glass substrates, metal substrates, 10 disks, etc., to a
polishing head when polishing the surfaces  thereof, a layered sheet (pressure-sensitive adhesive sheet)
used for holding or protecting semiconductor products such as  semiconductor wafers, optical products,
etc., in the step of  precise processing the products, and a process for producing  15 the same.
BACKGROUND ART  0002] Typical examples of materials requiring high surface  20 flatness include a
single crystal silicon disk referred to as  a silicon wafer for manufacturing semiconductor integrated
circuits (IC, LSI) . The silicon wafer is required to have a  finished flat surface with high accuracy in each
of steps of  laminating and forming an oxide layer and a metal layer in order 25 to form the reliable
semiconductor junction of various thin films  used for forming circuits in the steps of producing an IC, LSI,
etc. In the polishing and finishing steps, a polishing pad is  generally stuck to a rotatable support disk
referred to as a  platen, and a material to be polished such as a silicon wafer  30 is stuck to a polishing
head. 1 F-P07321TR(SG)  
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[0003] 

 As a method for fixing a material to be polished such as 

a silicon wafer and glass to a polishing head, there have been 

conventionally adopted (1) a wax mounting method for fixing a 

polishing head and a material to be polished via wax, (2) a vacuum 5 

chuck method for fixing a material to be polished to a polishing 

head by suction, and (3) a no-wax mounting method for fixing 

a material to be polished by an artificial leather or polymer 

foaming sheet stuck to a polishing head. 

[0004] 10 

 In the wax mounting method, there is a problem that the 

material to be polished is unlikely to be attached and detached, 

the wax should be removed by cleaning the material to be polished 

after polishing, and thus the operating steps are complicated 

since the wax is used. 15 

[0005] 

 The vacuum chuck method has a problem that the material 

to be polished transforms in a suction port part and thereby 

the surface accuracy of the material to be polished after 

polishing is deteriorated. 20 

[0006] 

 The no-wax mounting method has advantages of easy 

attachment and detachment of the material to be polished and 

excellent production efficiency.  However, the method has a 

problem that the surface smoothness of the material to be polished 25 

after polishing is also deteriorated when the surface accuracy 

of the holding surfaces of the artificial leather and polymer 

foaming sheet is poor. 

[0007] 

 The use of a backing material which is provided with an 30 

0003] As a method for fixing a material to be polished such as  a silicon wafer and glass to a polishing
head, there have been  conventionally adopted (1) a wax mounting method for fixing a 5 polishing head
and a material to be polished via wax, (2) a vacuum  chuck method for fixing a material to be polished to a
polishing  head by suction, and (3) a no-wax mounting method for fixing  a material to be polished by an
artificial leather or polymer  foaming sheet stuck to a polishing head. 10 [0004] In the wax mounting
method, there is a problem that the  material to be polished is unlikely to be attached and detached,  the
wax should be removed by cleaning the material to be polished  after polishing, and thus the operating
steps are complicated  15 since the wax is used. [0005] The vacuum chuck method has a problem that
the material  to be polished transforms in a suction port part and thereby  the surface accuracy of the
material to be polished after  20 polishing is deteriorated. [0006] The no-wax mounting method has
advantages of easy  attachment and detachment of the material to be polished and  excellent production
efficiency. However, the method has a 25 problem that the surface smoothness of the material to be
polished  after polishing is also deteriorated when the surface accuracy  of the holding surfaces of the
artificial leather and polymer  foaming sheet is poor. 0007]  30 The use of a backing material which is
provided with an  2 



F-P07321TR(SG) 

 3 

adhesive resin layer made of a resin on the surface of a foamed 

layer is proposed as a method for solving the problem of the 

no-wax mounting method (Patent Literature 1).  A sheet-shaped 

elastic foam, in which independent cells having an elongated 

shape and a larger diameter toward the surface of a foamed layer 5 

are provided for a foamed layer, is proposed (Patent Literature 

2). 

[0008] 

 However, in a process for producing the backing material 

in Patent Literature 1, the operating steps are complicated since 10 

the adhesive resin layer are separately provided and an elastic 

layer is produced by wet coagulation.  Also, the process has 

problems of high environmental burden since a solvent has to 

be used and necessity of a large amount of water for the extraction 

of the solvent in the production.  It is difficult to form the 15 

above cells in Patent Literature 2, and furthermore, it is 

considered that the modification of the foamed layer is increased 

since the void rate of the surface of the foamed layer is increased, 

thereby deteriorating the surface smoothness of the material 

to be polished after polishing.  The process has problems that 20 

air bite occurs when the material to be polished is stuck to 

the foamed layer and a water film of slurry occurs between the 

foamed layer and the material to be polished since the 

water-absorbing property is low to reduce the adsorptive property 

of the material to be polished. 25 

[0009] 

 Patent Literature 1: JP-A 2002-355754 

 Patent Literature 2: JP-A 6-23664 

 

DISCLOSURE OF THE INVENTION 30 

F-P07321TR(SG)  adhesive resin layer made of a resin on the surface of a foamed  layer is proposed as
a method for solving the problem of the  no-wax mounting method (Patent Literature 1) . A sheet-shaped
elastic foam, in which independent cells having an elongated 5 shape and a larger diameter toward the
surface of a foamed layer  are provided for a foamed layer, is proposed (Patent Literature  2). [0008]
However, in a process for producing the backing material  10 in Patent Literature 1, the operating steps
are complicated since  the adhesive resin layer are separately provided and an elastic  layer is produced
by wet coagulation. Also, the process has  problems of high environmental burden since a solvent has to
be used and necessity of a large amount of water for the extraction 15 of the solvent in the production. It
is difficult to form the  above cells in Patent Literature 2, and furthermore, it is  considered that the
modification of the foamed layer is increased  since thevoidrateofthesurf aceofthefnamed layer
isincreased,  thereby deteriorating the surface smoothness of the material 20 to be polished after
polishing. The process has problems that  air bite occurs when the material to be polished is stuck to  the
foamed layer and a water film of slurry occurs between the  foamed layer and the material to be polished
since the  water-absorbing property is lowtoreducetheadsorptiveproperty 25 of the material to be polished.
[0009] Patent Literature 1: JP-A 2002-355754  Patent Literature 2: JP-A 6-23664 30 DISCLOSURE OF
THE INVENTION 3 
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PROBLEMS TO BE SOLVED BY THE INVENTION 

[0010] 

 An object of a first aspect of the invention is to provide 

a process for extremely easily producing a layered sheet which 

has a holding surface having high surface accuracy.  An object 5 

of a second aspect of the invention is to provide a process for 

extremely easily producing a layered sheet which has a holding 

surface having high surface accuracy and has the excellent 

property of adsorptively holding a material to be polished.  An 

object of a third aspect of the invention is to provide a layered 10 

sheet which has a holding surface having surface accuracy and 

has the excellent property of adsorptively holding a material 

to be polished, and a process for producing the same.  An object 

of a fourth aspect of the invention is to provide a layered sheet 

which has the excellent property of adsorptively holding a 15 

material to be polished and has excellent durability. 

 

MEANS FOR SOLVING THE PROBLEMS 

[0011] 

 The present inventors made extensive study to solve the 20 

problem described above, and as a result, they found that the 

object can be achieved by the following layered sheet and process 

for producing the same, and the present invention was thereby 

completed. 

[0012] 25 

[First aspect of the invention] 

 A first aspect of the invention relates to a process for 

producing a layered sheet including the steps of: preparing a 

cell dispersed urethane composition by a mechanical foaming 

method; applying the cell dispersed urethane composition onto 30 

F-P07321TR(SG)  PROBLEMS TO BE SOLVED BY THE INVENTION [0010] An object of a first aspect
of the invention is to provide  a process for extremely easily producing a layered sheet which  5 has a
holding surface having high surface accuracy. An object of a second aspect of the invention is to provide
a process for  extremely easily producing a layered sheet which has a holding  surface having high
surface accuracy and has the excellent  property of adsorptively holding a material to be polished. An 10
object of a third aspect of the invention is to provide a layered  sheet which has a holding surface having
surface accuracy and  has the excellent property of adsorptively holding a material  to be polished, and a
process for producing the same. An object  of a fourth aspect of the invention is to provide a layered
sheet 15 which has the excellent property of adsorptively holding a  material to be polished and has
excellent durability.  MEANS FOR SOLVING THE PROBLEMS [0011]  20 The present inventors made
extensive study to solve the  problem described above, and as a result, they found that the  object can be
achieved by the following layered sheet and process  for producing the same, and the present invention
was thereby  completed. 25 [0012] [First aspect of the invention] A first aspect of the invention relates to a
process for  producing a layered sheet including the steps of: preparing a  cell dispersed urethane
composition by a mechanical foaming 30 method; applying the cell dispersed urethane composition onto
4 
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a base material sheet; forming a polyurethane foamed layer by 

curing the cell dispersed urethane composition; and regulating 

a thickness of the polyurethane foamed layer uniformly. 

[0013] 

 Another first aspect of the invention relates to a process 5 

for producing a layered sheet including the steps of: preparing 

a cell dispersed urethane composition by a mechanical foaming 

method; applying the cell dispersed urethane composition onto 

a base material sheet; laminating a release sheet on the cell 

dispersed urethane composition; forming a polyurethane foamed 10 

layer by curing the cell dispersed urethane composition while 

making the thickness thereof uniform with a pressing means; and 

releasing the release sheet on the polyurethane foamed layer. 

[0014] 

 As described above, a gas such as air is dispersed as fine 15 

cells in a starting material by the mechanical foaming method 

to prepare the cell dispersed urethane composition.  Then, the 

cell dispersed urethane composition is cured, and thereby the 

polyurethane foamed layer having an extremely small cell diameter 

and having spherical cells (including roughly spherical cells) 20 

can be extremely easily formed.  In the mechanical foaming method 

of the present invention, a gas such as air is dispersed, without 

being dissolved, in the starting material, and thus there is 

an advantage that generation of new cells (post-expansion 

phenomenon) after a step of uniformly regulating a thickness 25 

of the polyurethane foamed layer can be suppressed and the 

accuracy of a thickness and specific gravity can be easily 

controlled.  In addition, the mechanical foaming method does 

not necessitate use of a solvent, and is not only excellent in 

costs but is also preferable from an environmental viewpoint.  30 

F-P07321TR(SG)  a base material sheet; forming a polyurethane foamed layer by  curing the cell
dispersed urethane composition; and regulating  a thickness of the polyurethane foamed layer uniformly.
[0013] 5 Another first aspect of the invention relates to a process  for producing a layered sheet including
the steps of: preparing  a cell dispersed urethane composition by a mechanical foaming  method; applying
the cell dispersed urethane composition onto  a base material sheet; laminating a release sheet on the
cell 10 dispersed urethane composition; forming a polyurethane foamed  layer by curing the cell
dispersed urethane composition while  making the thickness thereof uniform with a pressing means; and
releasing the release sheet on the polyurethane foamed layer.  [0014] 15 As described above, a gas such
as air is dispersed as fine  cells in a starting material by the mechanical foaming method  to prepare the
cell dispersed urethane composition. Then, the  cell dispersed urethane composition is cured, and
thereby the  polyurethane foamed layer having an extremely small cell diameter 20 and having spherical
cells (including roughly spherical cells)  can be extremely easily formed. In the mechanicalfoamingmethod
of the present invention, a gas such as air is dispersed, without  being dissolved, in the starting material,
and thus there is  an advantage that generation of new cells (post-expansion 25 phenomenon) after a
step of uniformly regulating a thickness  of the polyurethane foamed layer can be suppressed and the
accuracy of a thickness and specific gravity can be easily  controlled. In addition, the mechanical foaming
method does  not necessitate use of a solvent, and is not only excellent in 30 costs but is also preferable
from an environmental viewpoint.  
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In the polyurethane foamed layer, a holding surface holding a 

material to be polished has extremely high surface accuracy, 

and the surface smoothness of a material to be polished after 

polishing is extremely excellent when the material to be polished 

is held using the layered sheet having the foamed layer.  The 5 

polyurethane foamed layer has spherical cells, and thus has 

excellent durability.  Accordingly, when the material to be 

polished is polished with the layered sheet having the foamed 

layer, polishing rate stability is improved. 

[0015] 10 

 A layered sheet of the first aspect of the invention is 

obtained by the production process. 

[0016] 

 The polyurethane foamed layer preferably has spherical 

fine cells having an average cell diameter of 20 to 300 µm. 15 

[0017] 

 The polyurethane foamed layer preferably has an average 

cell diameter difference (a maximum value of the average cell 

diameter-a minimum value of the average cell diameter) of 50 

µm or less in a thickness direction.  When variance in the cell 20 

diameter is large in the thickness direction of the polyurethane 

foamed layer, an area having a low resin density has durability 

inferior to that of the other area, and the area easily causes 

the thickness change (settling phenomenon).  As a result, the 

surface accuracy of the holding surface holding the material 25 

to be polished tends to be reduced, and the surface smoothness 

of the material to be polished after polishing tends to be also 

reduced.  In addition, the polishing rate stability tends to 

be deteriorated.  When the average cell diameter difference in 

the thickness direction is 50 µm or less, the thickness change 30 

5 F-P07321TR(SG)  In the polyurethane foamed layer, a holding surface holding a  material to be
polished has extremely high surface accuracy,  and the surface smoothness of a material to be polished
after  polishing is extremely excellent when the material to be polished 5 is held using the layered sheet
having the foamed layer. The  polyurethane foamed layer has spherical cells, and thus has  excellent
durability. Accordingly, when the material to be  polished is polished with the layered sheet having the
foamed  layer, polishing rate stability is improved. 10 [0015] A layered sheet of the first aspect of the
invention is  obtained by the production process. [0016] The polyurethane foamed layer preferably has
spherical  15 fine cells having an average cell diameter of 20 to 300 pm.  [0017] The polyurethane foamed
layer preferably has an average  cell diameter difference (a maximum value of the average cell
diameter-a minimum value of the average cell diameter) of 50 20 pm or less in a thickness direction.
When variance in the cell  diameter is large in the thickness direction of the polyurethane  foamed layer,
an area having a low resin density has durability  inferior to that of the other area, and the area easily
causes  the thickness change (settling phenomenon) . As a result, the 25 surface accuracy of the holding
surface holding the material  to be polished tends to be reduced, and the surface smoothness  of the
material to be polished after polishing tends to be also  reduced. In addition, the polishing rate stability
tends to  be deteriorated. When the average cell diameter difference in 
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of the polyurethane foamed layer can be effectively suppressed. 

[0018] 

 The polyurethane foamed layer preferably has a specific 

gravity of 0.2 to 0.5.  In addition, the polyurethane foamed 

layer preferably has an Asker C hardness of 10 to 50 degrees.  5 

Furthermore, the polyurethane foamed layer preferably has a 

compression rate of 2 to 10%. 

[0019] 

[Second aspect of the invention] 

 A second aspect of the invention relates to a process for 10 

producing a layered sheet including the steps of: preparing a 

cell dispersed urethane composition by a mechanical foaming 

method; applying the cell dispersed urethane composition onto 

a base material sheet; laminating a release sheet having a 

nitrogen gas permeation rate of 1 x 10-7 [cm3/cm2·s·cmHg] or less 15 

on the applied cell dispersed urethane composition; and forming 

a polyurethane foamed layer having interconnected cells by curing 

the cell dispersed urethane composition while making the 

thickness thereof uniform with a pressing means. 

[0020] 20 

 As described above, a gas such as air is dispersed as fine 

cells in a starting material by the mechanical foaming method 

to prepare the cell dispersed urethane composition.  Then, the 

cell dispersed urethane composition is cured, and thereby the 

polyurethane foamed layer having an extremely small cell diameter 25 

and having spherical cells (including roughly spherical cells) 

can be extremely easily formed.  In the mechanical foaming method 

of the present invention, a gas such as air is dispersed, without 

being dissolved, in the starting material, and thus there is 

an advantage that generation of new cells (post-expansion 30 

30 the thickness direction is 50 pm or less, the thickness change  6 F-P07321TR(SG)  of the
polyurethane foamed layer can be effectively suppressed.  [0018] The polyurethane foamed layer
preferably has a specific  gravity of 0.2 to 0.5. In addition, the polyurethane foamed  5 layer preferably has
an Asker C hardness of 10 to 50 degrees. Furthermore, the polyurethane foamed layer preferably has a
compression rate of 2 to 10%. [0019]  [Second aspect of the invention] 10 A second aspect of the
invention relates to a process for  producing a layered sheet including the steps of: preparing a  cell
dispersed urethane composition by a mechanical foaming  method; applying the cell dispersed urethane
composition onto  a base material sheet; laminating a release sheet having a 15 nitrogen gas permeation
rate of 1 x 10-7 [cm3/cm2scmHg] or less  on the applied cell dispersed urethane composition; and
forming  a polyurethane foamed layer having interconnected cells by curing  the cell dispersed urethane
composition while making the  thickness thereof uniform with a pressing means. 20 [0020] As described
above, a gas such as air is dispersed as fine  cells in a starting material by the mechanical foaming
method  to prepare the cell dispersed urethane composition. Then, the  cell dispersed urethane
composition is cured, and thereby the 25 polyurethane foamed layer having an extremely small cell
diameter  and having spherical cells (including roughly spherical cells)  can be extremely easily formed.
Inthemechanicalfoamingmethod  of the present invention, a gas such as air is dispersed, without  
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phenomenon) after a step of uniformly regulating a thickness 

of the polyurethane foamed layer can be suppressed and accuracy 

of a thickness and specific gravity can be easily controlled.  

In addition, the mechanical foaming method does not necessitate 

use of a solvent, and is not only excellent in costs but is also 5 

preferable from an environmental viewpoint. 

[0021] 

 Furthermore, in the production process of the second aspect 

of the invention, the release sheet having a nitrogen gas 

permeation rate of 1x10-7 [cm3/cm2·s·cmHg] or less is laminated 10 

on the applied cell dispersed urethane composition.  Thereby, 

when the fine cells in the cell dispersed urethane composition 

are broken to form interconnected cells, a gas in the fine cells 

can be held in the composition, and the gas can be prevented 

from being discharged to the outer atmosphere.  Accordingly, 15 

the change of the thickness of the cell dispersed urethane 

composition in the curing step can be suppressed, and the surface 

accuracy of the polyurethane foamed layer after being cured can 

be enhanced. 

[0022] 20 

 In the second aspect of the invention, the base material 

sheet preferably has a nitrogen gas permeation rate of 1 x 10-7 

[cm3/cm2·s·cmHg] or less.  The above effect is further improved 

by using the base material sheet. 

[0023] 25 

 In the second aspect of the invention, it is preferable 

that the base material sheet is a polyethylene terephthalate 

(PET) film and the release sheet is a polyethylene terephthalate 

film subjected to release treatment.  The PET film is 

particularly a suitable material since the PET film has a low 30 

being dissolved, in the starting material, and thus there is 30 an advantage that generation of new cells
(post-expansion  7 F-P07321TR(SG)  phenomenon) after a step of uniformly regulating a thickness  of the
polyurethane foamed layer can be suppressed and accuracy  of a thickness and specific gravity can be
easily controlled.  In addition, the mechanical foaming method does not necessitate 5 use of a solvent,
and is not only excellent in costs but is also  preferable from an environmental viewpoint. [0021]
Furthermore, in the production process of the secondaspect  of the invention, the release sheet having a
nitrogen gas  10 permeation rate of 1x10-7 [cm3/cm2scmHg] or less is laminated on the applied cell
dispersed urethane composition. Thereby,  when the fine cells in the cell dispersed urethane composition
are broken to form interconnected cells, a gas in the fine cells  can be held in the composition, and the
gas can be prevented 15 from being discharged to the outer atmosphere. Accordingly,  the change of the
thickness of the cell dispersed urethane  composition in the curing step can be suppressed, and the
surface  accuracy of the polyurethane foamed layer after being cured can  be enhanced. 20 [0022] In the
second aspect of the invention, the base material  sheet preferably has a nitrogen gas permeation rate of
1 x 10-7  [cm3/cm2scmHg] or less. The above effect is further improved  by using the base material
sheet. 25 [0023] In the second aspect of the invention, it is preferable  that the base material sheet is a
polyethylene terephthalate  
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nitrogen gas permeation rate. 

[0024] 

 A layered sheet of the second aspect of the invention is 

obtained by the production process.  Since the polyurethane 

foamed layer of the layered sheet of the present invention has 5 

spherical interconnected cells (including oval spherical 

interconnected cells), the polyurethane foamed layer can 

discharge air to the outside via the interconnected cells even 

if air biting is generated when the material to be polished is 

stuck to the polyurethane foamed layer.  Accordingly, the 10 

material to be polished can be stuck to the polyurethane foamed 

layer with high flatness.  Since slurry can be absorbed into 

the polyurethane foamed layer via the interconnected cells even 

when the slurry enters between the foamed layer and the material 

to be polished, the generation of the water film of the slurry 15 

between the foamed layer and the material to be polished can 

be prevented.  Therefore, the reduction of the adsorptive 

property of the material to be polished can be effectively 

prevented.  In the polyurethane foamed layer, a holding surface 

holding the material to be polished has extremely high surface 20 

accuracy, and thereby the surface smoothness of the material 

to be polished after polishing is extremely excellent when the 

material to be polished is held using the layered sheet having 

the foamed layer.  Since the polyurethane foamed layer has 

spherical cells, the polyurethane foamed layer has excellent 25 

durability.  Therefore, when the material to be polished is 

polished by using the layered sheet having the foamed layer, 

the polishing rate stability is enhanced. 

[0025] 

 The polyurethane foamed layer may contain interconnected 30 

(PET) film and the release sheet is a polyethylene terephthalate  film subjected to release treatment. The
PET film is 30 particularly a suitable material since the PET film has a low  8 F-P07321TR(SG)  nitrogen
gas permeation rate. 0024] A layered sheet of the second aspect of the invention is  obtained by the
production process. Since the polyurethane  5 foamed layer of the layered sheet of the present invention
has spherical interconnected cells (including oval spherical  interconnected cells), the polyurethane
foamed layer can  discharge air to the outside via the interconnected cells even  if air biting is generated
when the material to be polished is 10 stuck to the polyurethane foamed layer. Accordingly, the  material
to be polished can be stuck to the polyurethane foamed  layer with high flatness. Since slurry can be
absorbed into  the polyurethane foamed layer via the interconnected cells even  when the slurry enters
between the foamed layer and the material 15 to be polished, the generation of the water film of the slurry
between the foamed layer and the material to be polished can  be prevented. Therefore, the reduction of
the adsorptive  property of the material to be polished can be effectively  prevented. In the polyurethane
foamed layer, a holding surface 20 holding the material to be polished has extremely high surface
accuracy, and thereby the surface smoothness of the material  to be polished after polishing is extremely
excellent when the  material to be polished is held using the layered sheet having  the foamed layer.
Since the polyurethane foamed layer has 25 spherical cells, the polyurethane foamed layer has excellent
durability. Therefore, when the material to be polished is  
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cells and independent cells.  However, the interconnected cell 

rate of the polyurethane foamed layer is 50% or more, and 

preferably 65% or more. 

[0026] 

 An average cell diameter of the interconnected cells of 5 

the polyurethane foamed layer is preferably 20 to 300 µm.  The 

polyurethane foamed layer preferably has a specific gravity of 

0.2 to 0.5.  The polyurethane foamed layer preferably has an 

Asker C hardness of 10 to 50 degrees.  The polyurethane foamed 

layer preferably has a compression rate of 2 to 10%. 10 

[0027] 

[Third aspect of the invention] 

 A layered sheet of a third aspect of the invention comprises 

a base material sheet and a polyurethane foamed layer, wherein 

the polyurethane foamed layer has spherical interconnected cells, 15 

and each of the interconnected cells has a surface in which 

circular holes are formed. 

[0028] 

 Since the polyurethane foamed layer of the layered sheet 

of the third aspect of the invention has spherical interconnected 20 

cells (including roughly spherical interconnected cells) having 

a cell surface in which circular holes (including roughly 

circular holes) are formed, the polyurethane foamed layer can 

discharge air to the outside via the interconnected cells even 

if air biting is generated when the material to be polished is 25 

stuck to the polyurethane foamed layer.  Therefore, the material 

to be polished can be stuck with high flatness on the polyurethane 

foamed layer.  Since slurry can be absorbed into the polyurethane 

foamed layer via the interconnected cells even when the slurry 

enters between the foamed layer and the material to be polished, 30 

polished by using the layered sheet having the foamed layer,  the polishing rate stability is enhanced.
[0025]  30 The polyurethane foamed layer may contain interconnected  9 F-P07321TR(SG)  cells and
independent cells. However, the interconnected cell  rate of the polyurethane foamed layer is 50% or
more, and  preferably 65% or more. [0026]  5 An average cell diameter of the interconnected cells of  the
polyurethane foamed layer is preferably 20 to 300 pm. The  polyurethane foamed layer preferably has a
specific gravity of  0.2 to 0.5. The polyurethane foamed layer preferably has an  Asker C hardness of 10
to 50 degrees. The polyurethane foamed 10 layer preferably has a compression rate of 2 to 10%.  [0027]
[Third aspect of the invention] A layered sheet of a thirdaspect of the invention comprises  a base material
sheet and a polyurethane foamed layer, wherein  15 the polyurethane foamed layer has spherical
interconnected cells, and each of the interconnected cells has a surface in which  circular holes are
formed. [0028] Since the polyurethane foamed layer of the layered sheet  20 of the third aspect of the
invention has spherical interconnected  cells (including roughly spherical interconnected cells) having  a
cell surface in which circular holes (including roughly  circular holes) are formed, the polyurethane foamed
layer can  discharge air to the outside via the interconnected cells even 25 if air biting is generated when
the material to be polished is  
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the generation of the water film of the slurry between the foamed 

layer and the material to be polished can be prevented.  Therefore, 

the reduction of the adsorptive property of the material to be 

polished can be effectively prevented. 

[0029] 5 

 It is preferable that an average cell diameter of the 

interconnected cells is 20 to 300 µm and an average diameter 

of the circular holes is 100 µm or less.  When the average cell 

diameter is less than 20 µm, the foamed layer hardly absorbs 

the slurry, and the water film of the slurry tends to be easily 10 

generated between the foamed layer and the material to be polished.  

On the other hand, since the surface smoothness of the foamed 

layer is deteriorated and the variance in local compression 

characteristics is easily generated when the average cell 

diameter is more than 300 µm, the surface smoothness of the 15 

material to be polished after polishing tends to be deteriorated.  

When the average diameter of the circular hole is more than 100 

µm, the change of compression characteristics due to water 

absorption of the foamed layer tends to be generated, and the 

surface smoothness of the material to be polished after polishing 20 

tends to be deteriorated. 

[0030] 

 The polyurethane foamed layer may contain the 

interconnected cells and independent cells.  However, the 

interconnected cell rate of this polyurethane foamed layer is 25 

preferably 50% or more, and more preferably 65% or more. 

[0031] 

 It is preferable that the polyurethane foamed layer 

contains an isocyanate component and an active 

hydrogen-containing compound as a starting material component 30 

stuck to the polyurethane foamed layer. Therefore, the material  to be polished can be stuck with high
flatness on the polyurethane  foamedlayer. Since slurry can be absorbed into the polyurethane  foamed
layer via the interconnected cells even when the slurry 30 enters between the foamed layer and the
material to be polished,  10 F-P07321TR(SG)  the generation of the water film of the slurry between the
foamed  layer and the material to be polished can be prevented. Therefore,  the reduction of the
adsorptive property of the material to be  polished can be effectively prevented. 5 [0029] It is preferable
that an average cell diameter of the  interconnected cells is 20 to 300 pm and an average diameter  of the
circular holes is 100 pm or less. When the average cell  diameter is less than 20 pm, the foamed layer
hardly absorbs 10 the slurry, and the water film of the slurry tends to be easily  generated between the
foamed layer and the material to be polished.  On the other hand, since the surface smoothness of the
foamed  layer is deteriorated and the variance in local compression  characteristics is easily generated
when the average cell 15 diameter is more than 300 pm, the surface smoothness of the  material to be
polished after polishing tends to be deteriorated.  When the average diameter of the circular hole is more
than 100  pm, the change of compression characteristics due to water  absorption of the foamed layer
tends to be generated, and the 20 surface smoothness of the material to be polished after polishing
tends to be deteriorated. 0030] The polyurethane foamed layer may contain the  interconnected cells and
independent cells. However, the  
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and the active hydrogen-containing compound contains 60 to 85 

wt% of a high-molecular-weight polyol having 2 to 4 functional 

groups and a hydroxy value of 20 to 100 mg KOH/g.  The 

interconnected cells as an object can be stably formed by using 

the specific amount of the polymer polyol and the mechanical 5 

characteristics of the foamed layer are enhanced. 

[0032] 

 It is preferable that the polyurethane foamed layer 

contains an isocyanate component and an active 

hydrogen-containing compound containing a 10 

high-molecular-weight polyol as a starting material component 

and the high-molecular-weight polyol contains 20 to 100 wt% of 

a polymer polyol containing polymer particles made of 

acrylonitrile and/or a styrene-acrylonitrile copolymer.  The 

cell film is easily broken by the filler effect of the polymer 15 

particles, and the interconnected cells as an object can be easily 

formed. 

[0033] 

 The active hydrogen-containing compound preferably 

contains 2 to 15 wt% of a low-molecular-weight polyol having 20 

a hydroxy value of 400 to 1830 mg KOH/g and/or 

low-molecular-weight polyamine having an amine value of 400 to 

1870 mg KOH/g.  The interconnected cells as an object can be 

stably formed by using the specific amount of the 

low-molecular-weight polyol and/or low-molecular-weight 25 

polyamine, and the mechanical characteristics of the foamed layer 

is enhanced.  In using the low-molecular-weight polyol and the 

low-molecular-weight polyamine together, the 

low-molecular-weight polyol and low-molecular-weight polyamine 

of 2 to 15 wt% are used in total. 30 

25 interconnected cell rate of this polyurethane foamed layer is preferably 50% or more, and more
preferably 65% or more.  [0031] It is preferable that the polyurethane foamed layer  contains an
isocyanate component and an active 30 hydrogen-containing compound as a starting material component
11 F-P07321TR(SG)  and the active hydrogen-containing compound contains 60 to 85  wt% of a
high-molecular-weight polyol having 2 to 4 functional  groups and a hydroxy value of 20 to 100 mg
KOH/g. The  interconnected cells as an object can be stably formed by using 5 the specific amount of the
polymer polyol and the mechanical  characteristics of the foamed layer are enhanced. 0032] It is
preferable that the polyurethane foamed layer  contains an isocyanate component and an active 10
hydrogen-containing compound containing a  high-molecular-weight polyol as a starting material
component  and the high-molecular-weight polyol contains 20 to 100 wt % of  a polymer polyol containing
polymer particles made of acrylonitrile and/or a styrene-acrylonitrile copolymer. The  15 cell film is easily
broken by the filler effect of the polymer  particles, and the interconnected cells as an object can be easily
formed. 0033] The active hydrogen-containing compound preferably 20 contains 2 to 15 wt% of a
low-molecular-weight polyol having  a hydroxy value of 400 to 1830 mg KOH/g and/or
low-molecular-weight polyamine having an amine value of 400 to  1870 mg KOH/g. The interconnected
cells as an object can be  
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[0034] 

 A process for producing a layered sheet of the third aspect 

of the invention comprises the steps of: preparing a cell 

dispersed urethane composition containing an isocyanate 

component and an active hydrogen-containing compound containing 5 

60 to 85 wt% of a high-molecular-weight polyol having 2 to 4 

functional groups and a hydroxy value of 20 to 100 mg KOH/g as 

a starting material component by a mechanical foaming method; 

applying the cell dispersed urethane composition onto a base 

material sheet; forming a polyurethane foamed layer having 10 

spherical interconnected cells with surfaces in which circular 

holes are formed by curing the cell dispersed urethane 

composition; and regulating a thickness of the polyurethane 

foamed layer uniformly. 

[0035] 15 

 Another process for producing a layered sheet of the third 

aspect of the invention comprises the steps of: preparing a cell 

dispersed urethane composition containing an isocyanate 

component and an active hydrogen-containing compound containing 

60 to 85 wt% of a high-molecular-weight polyol having 2 to 4 20 

functional groups and a hydroxy value of 20 to 100 mg KOH/g as 

a starting material component by a mechanical foaming method; 

applying the cell dispersed urethane composition onto a base 

material sheet; laminating a release sheet on the cell dispersed 

urethane composition; forming a polyurethane foamed layer having 25 

spherical interconnected cells with surfaces in which circular 

holes are formed by curing the cell dispersed urethane 

composition; and releasing the release sheet on the polyurethane 

foamed layer. 

[0036] 30 

stably formed by using the specific amount of the 25 low-molecular-weight polyol and/or
low-molecular-weight  polyamine, and the mechanical characteristicsofthefoamedlayer  is enhanced. In
using the low-molecular-weight polyol and the  low-molecular-weight polyamine together, the
low-molecular-weightpolyolandlow-molecular-weightpolyamine  30 of 2 to 15 wt% are used in total. 12
F-P07321TR(SG)  0034] A process for producing a layered sheet of the third aspect  of the invention
comprises the steps of: preparing a cell  dispersed urethane composition containing an isocyanate 5
component and an active hydrogen-containing compound containing  60 to 85 wt% of a
high-molecular-weight polyol having 2 to 4  functional groups and a hydroxy value of 20 to 100 mg KOH/g
as  a starting material component by a mechanical foaming method;  applying the cell dispersed urethane
composition onto a base 10 material sheet; forming a polyurethane foamed layer having  spherical
interconnected cells with surfaces in which circular  holes are formed by curing the cell dispersed
urethane  composition; and regulating a thickness of the polyurethane  foamed layer uniformly. 15 [0035]
Another process for producing a layered sheet of the third  aspect of the invention comprises the steps of:
preparing a cell  dispersed urethane composition containing an isocyanate  component and an active
hydrogen-containing compound containing 20 60 to 85 wt% of a high-molecular-weight polyol having 2 to
4  functional groups and a hydroxy value of 20 to 100 mg KOH/g as  a starting material component by a
mechanical foaming method;  
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 Yet another process for producing a layered sheet of the 

third aspect of the invention comprises the steps of: preparing 

a cell dispersed urethane composition containing an isocyanate 

component and an active hydrogen-containing compound containing 

a polymer polyol containing polymer particles made of 5 

acrylonitrile and/or a styrene-acrylonitrile copolymer as a 

starting material component by a mechanical foaming method; 

applying the cell dispersed urethane composition onto a base 

material sheet; forming a polyurethane foamed layer having 

spherical interconnected cells with surfaces in which circular 10 

holes are formed by curing the cell dispersed urethane 

composition; and regulating a thickness of the polyurethane 

foamed layer uniformly. 

[0037] 

 Further another process for producing a layered sheet of 15 

the third aspect of the invention comprises the steps of: 

preparing a cell dispersed urethane composition containing an 

isocyanate component and an active hydrogen-containing compound 

containing a polymer polyol containing polymer particles made 

of acrylonitrile and/or a styrene-acrylonitrile copolymer as 20 

a starting material component by a mechanical foaming method; 

applying the cell dispersed urethane composition onto a base 

material sheet; laminating a release sheet on the cell dispersed 

urethane composition; forming a polyurethane foamed layer having 

spherical interconnected cells with surfaces in which circular 25 

holes are formed by curing the cell dispersed urethane 

composition while making the thickness thereof uniform with a 

pressing means; and releasing the release sheet on the 

polyurethane foamed layer. 

[0038] 30 

applying the cell dispersed urethane composition onto a base  material sheet; laminating a release sheet
on the cell dispersed 25 urethane composition; f orming a polyurethane f named layer having  spherical
interconnected cells with surfaces in which circular  holes are formed by curing the cell dispersed
urethane  composition; and releasing the release sheet on the polyurethane  foamed layer. 30 [0036] 13
F-P07321TR(SG)  Yet another process for producing a layered sheet of the third aspect of the invention
comprises the steps of: preparing  a cell dispersed urethane composition containing an isocyanate
component and an active hydrogen-containing compound containing  5 a polymer polyol containing
polymer particles made of acrylonitrile and/or a styrene-acrylonitrile copolymer as a  starting material
component by a mechanical foaming method;  applying the cell dispersed urethane composition onto a
base  material sheet; forming a polyurethane foamed layer having 10 spherical interconnected cells with
surfaces in which circular  holes are formed by curing the cell dispersed urethane  composition; and
regulating a thickness of the polyurethane  foamed layer uniformly. [0037]  15 Further another process for
producing a layered sheet of  the third aspect of the invention comprises the steps of:  preparing a cell
dispersed urethane composition containing an  isocyanate component and an active hydrogen-containing
compound  containing a polymer polyol containing polymer particles made 20 of acrylonitrile and/or a
styrene-acrylonitrile copolymer as  a starting material component by a mechanical foaming method;  
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 As described above, a gas such as air is dispersed as fine 

cells in a starting material by the mechanical foaming method 

to prepare the cell dispersed urethane composition.  Then, the 

cell dispersed urethane composition is cured, and thereby the 

polyurethane foamed layer having spherical interconnected cells 5 

(including roughly spherical interconnected cells) which have 

a small cell diameter and have surfaces in which the circular 

holes (including the roughly circular holes) are formed can be 

easily formed.  In the mechanical foaming method of the present 

invention, a gas such as air is dispersed without being dissolved 10 

in the starting material, and thus there is an advantage that 

generation of new cells (post-expansion phenomenon) after a step 

of uniformly regulating a thickness of the polyurethane foamed 

layer can be suppressed and the accuracy of a thickness and 

specific gravity can be easily controlled.  In addition, the 15 

mechanical foaming method does not necessitate use of a solvent, 

and is not only excellent in costs but is also preferable from 

an environmental viewpoint.  Since the polyurethane foamed 

layer has spherical interconnected cells (including oval 

spherical interconnected cells) with surfaces in which the 20 

circular holes (including the roughly circular holes) are formed, 

the polyurethane foamed layer can discharge air to the outside 

via the interconnected cells even if air biting is generated 

when the material to be polished is stuck to the polyurethane 

foamed layer.  Accordingly, the material to be polished can be 25 

stuck to the polyurethane foamed layer with high flatness.  Since 

slurry can be absorbed into the polyurethane foamed layer via 

the interconnected cells even when the slurry enters between 

the foamed layer and the material to be polished, the generation 

of the water film of the slurry between the foamed layer and 30 

applying the cell dispersed urethane composition onto a base  material sheet; laminating a release sheet
on the cell dispersed  urethane composition; f orming a polyurethane f named layer having 25 spherical
interconnected cells with surfaces in which circular  holes are formed by curing the cell dispersed
urethane  composition while making the thickness thereof uniform with a  pressing means; and releasing
the release sheet on the  polyurethane foamed layer. 30 [0038] 14 F-P07321TR(SG)  As described
above, a gas such as air is dispersed as fine cells in a starting material by the mechanical foaming
method  to prepare the cell dispersed urethane composition. Then, the  cell dispersed urethane
composition is cured, and thereby the 5 polyurethane foamed layer having spherical interconnected cells
(including roughly spherical interconnected cells) which have  a small cell diameter and have surfaces in
which the circular  holes (including the roughly circular holes) are formed can be  easily formed. In the
mechanical foaming method of the present 10 invention, a gas such as air is dispersed without being
dissolved  in the starting material, and thus there is an advantage that  generation of new cells
(post-expansion phenomenon) after astep  of uniformly regulating a thickness of the polyurethane foamed
layer can be suppressed and the accuracy of a thickness and 15 specific gravity can be easily controlled.
In addition, the  mechanical foaming method does not necessitate use of a solvent,  and is not only
excellent in costs but is also preferable from  an environmental viewpoint. Since the polyurethane foamed
layer has spherical interconnected cells (including oval 20 spherical interconnected cells) with surfaces in
which the  
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the material to be polished can be prevented.  Therefore, the 

reduction of the adsorptive property of the material to be 

polished can be effectively prevented.  Since the 

interconnected cells of the polyurethane foamed layer are 

spherical, the polyurethane foamed layer has excellent 5 

durability.  Therefore, when the material to be polished is 

polished by using the layered sheet having the foamed layer, 

the polishing rate stability is enhanced. 

[0039] 

 The third aspect of the invention relates to a layered 10 

sheet produced by the process.  It is preferable that an average 

cell diameter of the interconnected cells of the polyurethane 

foamed layer is 20 to 300 µm and an average diameter of the circular 

holes is 100 µm or less by the same reason as the above. 

[0040] 15 

[Fourth aspect of the invention] 

 A fourth aspect of the invention relates to a layered sheet 

including: a base material sheet; and a polyurethane foamed layer, 

wherein the polyurethane foamed layer has oval cells having a 

long axis parallel to a thickness direction of the polyurethane 20 

foamed layer, and a ratio (L/S) of the average major axis L and 

average minor axis S of the oval cells in a section of the 

polyurethane foamed layer is 1.5 to 3. 

[0041] 

 The present inventors found that the cells in the 25 

polyurethane foamed layer is changed to the oval cells (the oval 

spherical cells, may not be strictly balanced spherical cells) 

from the conventional cells and the long axis of each of the 

oval cells is arranged in parallel (substantially parallel) to 

the thickness direction of the foamed layer, thereby enabling 30 

circularholes (including the roughly circular holes) areformed,  the polyurethane foamed layer can
discharge air to the outside  via the interconnected cells even if air biting is generated  when the material
to be polished is stuck to the polyurethane 25 foamed layer. Accordingly, the material to be polished can
be  stuck to the polyurethane foamed layer with high flatness. Since  slurry can be absorbed into the
polyurethane foamed layer via  the interconnected cells even when the slurry enters between  the foamed
layer and the material to be polished, the generation 30 of the water film of the slurry between the foamed
layer and  15 F-P07321TR(SG)  the material to be polished can be prevented. Therefore, the  reduction of
the adsorptive property of the material to be  polished can be effectively prevented. Since the
interconnected cells of the polyurethane foamed layer are  5 spherical, the polyurethane foamed layer has
excellent  durability. Therefore, when the material to be polished is  polished by using the layered sheet
having the foamed layer,  the polishing rate stability is enhanced. [0039]  10 The third aspect of the
invention relates to a layered  sheet produced by the process. It is preferable that an average  cell
diameter of the interconnected cells of the polyurethane  foamed layer is 20 to 300 pmand an average
diameter of the circular  holes is 100 pm or less by the same reason as the above. 15 [0040] [Fourth
aspect of the invention] A fourth aspect of the invention relates to a layered sheet  including: a base
material sheet; and a polyurethane foamed layer,  wherein the polyurethane foamed layer has oval cells
having a 
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the enhancement in modulus of elasticity thereof as compared 

with the conventional polyurethane foamed layer and the 

suppression of the modification of the foamed layer.  Since the 

layered sheet of the present invention has a holding surface 

having high surface accuracy, the holding surface holding the 5 

material to be polished, the surface smoothness of the material 

to be polished after polishing is excellent when the material 

to be polished is held by using the layered sheet.  Since the 

layered sheet of the present invention has excellent durability, 

the polishing rate stability in polishing is enhanced when the 10 

material to be polished is held by using the layered sheet. 

[0042] 

 The cells in the polyurethane foamed layer may contain 

spherical cells.  However, a numerical rate of the oval cells 

is preferably 30% or more of all the cells in order to sufficiently 15 

express effects as an object. 

[0043] 

 The oval cells are preferably interconnected cells.  When 

the oval cells are the interconnected cells, the polyurethane 

foamed layer can discharge air to the outside via the 20 

interconnected cells even if air biting is generated when the 

material to be polished is stuck to the polyurethane foamed layer.  

Accordingly, the material to be polished can be stuck to the 

polyurethane foamed layer with high flatness.  Since slurry can 

be absorbed into the polyurethane foamed layer via the 25 

interconnected cells even when the slurry enters between the 

foamed layer and the material to be polished, the generation 

of the water film of the slurry between the foamed layer and 

the material to be polished can be prevented.  Therefore, the 

reduction of the adsorptive property of the material to be 30 

20 long axis parallel to a thickness direction of the polyurethane  foamed layer, and a ratio (L/S) of the
average major axis L and  average minor axis S of the oval cells in a section of the  polyurethane foamed
layer is 1.5 to 3. [0041]  25 The present inventors found that the cells in the  polyurethane foamed layer is
changed to the oval cells (the oval  spherical cells, may not be strictly balanced spherical cells)  from the
conventional cells and the long axis of each of the  oval cells is arranged in parallel (substantially parallel)
to 30 the thickness direction of the foamed layer, thereby enabling  16 F-P07321TR(SG)  the
enhancement in modulus of elasticity thereof as compared  with the conventional polyurethane foamed
layer and the  suppression of the modification of the foamed layer. Since the  layered sheet of the present
invention has a holding surface 5 having high surface accuracy, the holding surface holding the  material
to be polished, the surface smoothness of the material  to be polished after polishing is excellent when
the material  to be polished is held by using the layered sheet. Since the  layered sheet of the present
invention has excellent durability, 10 the polishing rate stability in polishing is enhanced when the
material to be polished is held by using the layered sheet.  00421 The cells in the polyurethane foamed
layer may contain  spherical cells. However, a numerical rate of the oval cells  15 is preferably 30% or
more of all the cells in order to sufficiently  express effects as an object. 00431 The oval cells are
preferably interconnected cells. When  



F-P07321TR(SG) 

 18

polished can be effectively prevented. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] 

 Fig, 1 is a photomicrograph (SEM photograph) of a 5 

polyurethane foamed layer of a layered sheet in Example 1. 

 Fig. 2 is a photomicrograph (SEM photograph) of a 

polyurethane foamed layer of a layered sheet in Example 2. 

 Fig. 3 is a photomicrograph (SEM photograph) of a 

polyurethane foamed layer of a layered sheet in Example 3. 10 

 Fig. 4 is a photomicrograph (SEM photograph) of a 

polyurethane foamed layer of a layered sheet in Comparative 

Example 1. 

 

BEST MODE FOR CARRYING OUT THE INVENTION 15 

[0045] 

 The process for producing a layered sheet of the first 

aspect of the invention comprises the steps of: preparing a cell 

dispersed urethane composition by a mechanical foaming method; 

applying the cell dispersed urethane composition onto a base 20 

material sheet; forming a polyurethane foamed layer by curing 

the cell dispersed urethane composition; and regulating a 

thickness of the polyurethane foamed layer uniformly. 

[0046] 

 Another process for producing a layered sheet of the first 25 

aspect of the invention comprises the steps of: preparing a cell 

dispersed urethane composition by a mechanical foaming method; 

applying the cell dispersed urethane composition onto a base 

material sheet; laminating a release sheet on the cell dispersed 

urethane composition; forming a polyurethane foamed layer by 30 

the oval cells are the interconnected cells, the polyurethane  20 foamed layer can discharge air to the
outside via the interconnected cells even if air biting is generated when the  material to be polished is
stuck to thepolyurethane fnamed layer.  Accordingly, the material to be polished can be stuck to the
polyurethane foamed layer with high flatness. Since slurry can 25 be absorbed into the polyurethane
foamed layer via the  interconnected cells even when the slurry enters between the  foamed layer and the
material to be polished, the generation  of the water film of the slurry between the foamed layer and  the
material to be polished can be prevented. Therefore, the 30 reduction of the adsorptive property of the
material to be  17 F-P07321TR(SG)  polished can be effectively prevented. BRIEF DESCRIPTION OF
THE DRAWINGS  [0044] 5 Fig, 1 is a photomicrograph (SEM photograph) of a  polyurethane foamed
layer of a layered sheet in Example 1.  Fig. 2 is a photomicrograph (SEM photograph) of a polyurethane
foamed layer of a layered sheet in Example 2.  Fig. 3 is a photomicrograph (SEM photograph) of a 10
polyurethane foamed layer of a layered sheet in Example 3.  Fig. 4 is a photomicrograph (SEM
photograph) of a  polyurethane foamed layer of a layered sheet in Comparative  Example 1. 15 BEST
MODE FOR CARRYING OUT THE INVENTION  [0045] The process for producing a layered sheet of the
first  aspect of the invention comprises the steps of: preparing a cell  dispersed urethane composition by a
mechanical foaming method; 
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curing the cell dispersed urethane composition while making the 

thickness thereof uniform with a pressing means; and releasing 

the release sheet on the polyurethane foamed layer. 

[0047] 

 The process for producing a layered sheet of a second aspect 5 

of the invention comprises the steps of: preparing a cell 

dispersed urethane composition by a mechanical foaming method; 

applying the cell dispersed urethane composition onto a base 

material sheet; laminating a release sheet having a nitrogen 

gas permeation rate of 1 x 10-7 [cm3/cm2·s·cmHg] or less on the 10 

applied cell dispersed urethane composition; and forming a 

polyurethane foamed layer having interconnected cells by curing 

the cell dispersed urethane composition while making the 

thickness thereof uniform with a pressing means. 

[0048] 15 

 The cell dispersed urethane composition may be prepared 

by a mechanical foaming method (including a mechanical frothing 

method), and is not particularly limited with respect to other 

aspects.  For example, the cell dispersed urethane composition 

is prepared by the following methods. 20 

[0049] 

 (1) The first component wherein a silicon-based surfactant 

is added to an isocyanate-terminated prepolymer produced by an 

isocyanate component with a high-molecular-weight polyol or the 

like is mechanically stirred in the presence of an unreactive 25 

gas, to disperse the unreactive gas as fine cells thereby forming 

a cell dispersion.  Then, the second component containing active 

hydrogen-containing compounds such as high-molecular-weight 

and low-molecular-weight polyols are added to, and mixed with, 

the cell dispersion to prepare a cell dispersed urethane 30 

20 applying the cell dispersed urethane composition onto a base  material sheet; forming a polyurethane
foamed layer by curing  the cell dispersed urethane composition; and regulating a  thickness of the
polyurethane foamed layer uniformly.  [0046] 25 Another process for producing a layered sheet of the first
aspect of the invention comprises the steps of: preparing a cell  dispersed urethane composition by a
mechanical foaming method;  applying the cell dispersed urethane composition onto a base  material
sheet; laminating a release sheet on the cell dispersed 30 urethane composition; forming a polyurethane
foamed layer by  18 F-P07321TR(SG)  curing the cell dispersed urethane composition while making the
thickness thereof uniform with a pressing means; and releasing  the release sheet on the polyurethane
foamed layer. [0047]  5 The process for producing a layered sheet of a second aspect  of the invention
comprises the steps of: preparing a cell  dispersed urethane composition by a mechanical foaming
method;  applying the cell dispersed urethane composition onto a base  material sheet; laminating a
release sheet having a nitrogen 10 gas permeation rate of 1 x 10-7 [cm3/cm2scmHg] or less on the
applied cell dispersed urethane composition; and forming a  polyurethane foamed layer having
interconnected cells by curing  the cell dispersed urethane composition while making the  thickness
thereof uniform with a pressing means. 15 [0048] The cell dispersed urethane composition may be
prepared  by a mechanical foaming method (including a mechanical frothing  method) , and is not
particularly limited with respect to other  



F-P07321TR(SG) 

 20

composition.  If necessary, a catalyst and a filler such as carbon 

black may be added to the second component. 

[0050] 

 (2) A silicon-based surfactant is added to the first 

component containing an isocyanate component (or an 5 

isocyanate-terminated prepolymer) and/or the second component 

containing active hydrogen-containing compounds, and the 

component(s) to which the silicon-based surfactant is added is 

mechanically stirred in the presence of an unreactive gas, to 

disperse the unreactive gas as fine cells thereby forming a cell 10 

dispersion.  Then, the remaining component is added to, and mixed 

with, the cell dispersion to prepare a cell dispersed urethane 

composition. 

[0051] 

 (3) A silicon-based surfactant is added to at least either 15 

of the first component containing an isocyanate component (or 

an isocyanate-terminated prepolymer) or the second component 

containing active hydrogen-containing compounds, and the first 

and second components are mechanically stirred in the presence 

of an unreactive gas, to disperse the unreactive gas as fine 20 

cells thereby preparing a cell dispersed urethane composition. 

[0052] 

 Polyurethane is preferable as a forming material for the 

foamed layer of the layered sheet since spherical fine cells 

and interconnected cells can be easily formed by the mechanical 25 

foaming method. 

[0053] 

 The layered sheet of the third aspect of the invention 

comprises a base material sheet and a polyurethane foamed layer, 

wherein the polyurethane foamed layer has spherical 30 

aspects. For example, the cell dispersed urethane composition  20 is prepared by the following methods.
0049] (1) The first component wherein asilicon-based surfactant  is added to an isocyanate-terminated
prepolymer produced by an  isocyanate component with a high-molecular-weight polyol or the 25 like is
mechanically stirred in the presence of an unreactive  gas, to disperse the unreactive gas as fine cells
thereby forming  a cell dispersion. Then, the second component containing active  hydrogen-containing
compounds such as high-molecular-weight  and low-molecular-weight polyols are added to, and mixed
with, 30 the cell dispersion to prepare a cell dispersed urethane  19 F-P07321TR(SG)  composition. If
necessary, a catalyst and a filler such as carbon  black may be added to the second component. [0050]
(2) A silicon-based surfactant is added to the first  5 component containing an isocyanate component (or
an  isocyanate-terminated prepolymer) and/or the second component  containing active
hydrogen-containing compounds, and the  component(s) to which the silicon-based surfactant is added is
mechanically stirred in the presence of an unreactive gas, to 10 disperse the unreactive gas as fine cells
thereby forming a cell  dispersion. Then, the remaining component is added to, andmixed  with, the cell
dispersion to prepare a cell dispersed urethane  composition. [0051]  15 (3) A silicon-based surfactant is
added to at least either  of the first component containing an isocyanate component (or  an
isocyanate-terminated prepolymer) or the second component  
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interconnected cells, and each of the interconnected cells has 

a surface in which circular holes are formed. 

[0054] 

 The polyurethane foamed layer can be formed by, for example, 

curing a cell dispersed urethane composition prepared by a 5 

mechanical foaming method (including a mechanical frothing 

method) on a base material sheet.  Specifically, the cell 

dispersed urethane composition is prepared by the method. 

[0055] 

 Polyurethane is preferable as a forming material for the 10 

foamed layer of the layered sheet, since spherical interconnected 

cells in which circular holes are formed on the surface of each 

of the cells can be easily formed by the mechanical foaming method. 

[0056] 

 The layered sheet of the fourth aspect of the invention 15 

comprises a base material sheet and a polyurethane foamed layer. 

[0057] 

 A polyurethane resin is preferable as a forming material 

for the foamed layer of the layered sheet since fine oval cells 

can be easily formed by the mechanical foaming method.  The 20 

polyurethane resin comprises an isocyanate component, a polyol 

component (high-molecular-weight polyol and 

low-molecular-weight polyol or the like), and a chain extender. 

[0058] 

       As the isocyanate component, a compound known in the field 25 

of polyurethane can be used without particular limitation.  The 

isocyanate component includes, for example, aromatic 

diisocyanates such as 2,4-toluene diisocyanate, 2,6-toluene 

diisocyanate, 2,2’-diphenyl methane diisocyanate, 

2,4’-diphenyl methane diisocyanate, 4,4’-diphenyl methane 30 

containing active hydrogen-containing compounds, and the first  and second components are
mechanically stirred in the presence 20 of an unreactive gas, to disperse the unreactive gas as fine  cells
thereby preparing a cell dispersed urethane composition.  [0052] Polyurethane is preferable as a forming
material for the  foamed layer of the layered sheet since spherical fine cells  25 and interconnected cells
can be easily formed by the mechanical  foaming method. [0053] The layered sheet of the third aspect of
the invention  comprises a base material sheet and a polyurethane foamed layer,  30 wherein the
polyurethane foamed layer has spherical 20 F-P07321TR(SG)  interconnected cells, and each of the
interconnected cells has  a surface in which circular holes are formed. [0054]  The polyurethane foamed
layer can be formed by, for example,  5 curing a cell dispersed urethane composition prepared by a
mechanical foaming method (including a mechanical frothing  method) on a base material sheet.
Specifically, the cell  dispersed urethane composition is prepared by the method.  [0055] 10 Polyurethane
is preferable as a forming material for the  foamed layer of the layered sheet, since spherical
interconnected  cells in which circular holes are formed on the surface of each  of the cells can
beeasilyformedbythemechanicalfoamingmethod.  [0056] 15 The layered sheet of the fourth aspect of the
invention  comprises a base material sheet and a polyurethane foamed layer.  
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diisocyanate, polymeric MDI, carbodiimide modified MDI(for 

example, Millionate MTL made by Nippon Polyurethane Industry 

Co., Ltd.), 1,5-naphthalene diisocyanate, p-phenylene 

diisocyanate, m-phenylene diisocyanate, p-xylylene 

diisocyanate and m-xylylene diisocyanate, aliphatic 5 

diisocyanates such as ethylene diisocyanate, 2,2,4-trimethyl 

hexamethylene diisocyanate and 1,6-hexamethylene diisocyanate, 

and cycloaliphatic diisocyanates such as 1,4-cyclohexane 

diisocyanate, 4,4’-dicyclohexyl methane diisocyanate, 

isophorone diisocyanate and norbornane diisocyanate.  These may 10 

be used alone or as a mixture of two or more thereof. 

[0059] 

       As the isocyanate component, it is possible to use not 

only the above-described diisocyanate compounds but also 

multifunctional (trifunctional or more) polyisocyanates.  As 15 

the multifunctional isocyanate compounds, a series of 

diisocyanate adduct compounds are commercially available as 

Desmodul-N (Bayer) and DuranateTM (Asahi Chemical Industry Co., 

Ltd.). 

[0060] 20 

 Among the isocyanate components described above, 

4,4’-diphenylmethane diisocyanate or carbodiimide modified MDI 

is preferably used. 

[0061] 

 The active hydrogen-containing compound is a 25 

high-molecular-weight polyol, low-molecular-weight polyol, and 

a low-molecular-weight polyamine or the like which have active 

hydrogen reacted with the isocyanate component. 

[0062] 

       As the high-molecular-weight polyol, a compound known in 30 

[0057] A polyurethane resin is preferable as a forming material  for the foamed layer of the layered sheet
since fine oval cells  20 can be easily formed by the mechanical foaming method. The polyurethane resin
comprises an isocyanate component, a polyol  component (high-molecular-weight polyol and
low-molecular-weight polyol or the like), and a chain extender.  [0058] 25 As the isocyanate component, a
compound known in the field  of polyurethane can be used without particular limitation. The  isocyanate
component includes, for example, aromatic diisocyanates such as 2,4-toluene diisocyanate, 2,6-toluene
diisocyanate, 2,2'-diphenyl methane diisocyanate, 30 2,4'-diphenyl methane diisocyanate, 4,4'-diphenyl
methane  21 F-P07321TR(SG)  diisocyanate, polymeric MDI, carbodiimide modified MDI(for  example,
Millionate MTL made by Nippon Polyurethane Industry  Co., Ltd.), 1,5-naphthalene diisocyanate,
p-phenylene diisocyanate, m-phenylene diisocyanate, p-xylylene  5 diisocyanate and m-xylylene
diisocyanate, aliphatic  diisocyanates such as ethylene diisocyanate, 2,2,4-trimethyl hexamethylene
diisocyanate and 1, 6-hexamethylene diisocyanate,  and cycloaliphatic diisocyanates such as
1,4-cyclohexane  diisocyanate, 4,4'-dicyclohexyl methane diisocyanate, 10 isophorone diisocyanate and
norbornane diisocyanate. Thesemay  be used alone or as a mixture of two or more thereof. [0059] As the
isocyanate component, it is possible to use not  only the above-described diisocyanate compounds but
also 15 multifunctional (trifunctional or more) polyisocyanates. As  
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the field of polyurethane can be used without particular 

limitation.  The high-molecular-weight polyol includes, for 

example, polyether polyols represented by polytetramethylene 

ether glycol and polyethylene glycol, polyester polyols 

represented by polybutylene adipate, polyester polycarbonate 5 

polyols exemplified by reaction products of polyester glycols 

such as polycaprolactone polyol and polycaprolactone with 

alkylene carbonate, polyester polycarbonate polyols obtained 

by reacting ethylene carbonate with a multivalent alcohol and 

reacting the resulting reaction mixture with an organic 10 

dicarboxylic acid, polycarbonate polyols obtained by ester 

exchange reaction of a polyhydroxyl compound with aryl carbonate, 

and polymer polyols such as polyether polyol in which polymer 

particles are dispersed.  These may be used singly or as a mixture 

of two or more thereof.  To produce the polyurethane foamed layer 15 

having an independent cell structure, a polyether polyol is 

preferably only used. 

[0063] 

 To produce the polyurethane foamed layer having an 

interconnected cell structure, a polymer polyol is preferably 20 

used, and a polymer polyol in which polymer particles made of 

acrylonitrile and/or styrene-acrylonitrile copolymers are 

dispersed is particularly preferably used.  This polymer polyol 

is contained in an amount of preferably 20 to 100 wt%, more 

preferably 30 to 60 wt%, in the whole polymer polyol used. 25 

[0064] 

 A high-molecular-weight polyol having 2 to 4 functional 

groups and a hydroxy value of 20 to 100 mg KOH/g is preferably 

used.  The hydroxy value is more preferably 25 to 60 mg KOH/g.  

The number of the functional groups of 5 or more tends to cause 30 

the multifunctional isocyanate compounds, a series of  diisocyanate adduct compounds are commercially
available as  Desmodul-N (Bayer) and DuranateTM(Asahi Chemical Industry Co.,  Ltd.). 20 [0060] Among
the isocyanate components described above,  4,4'-diphenylmethane diisocyanate or carbodiimide
modified MDI  is preferably used. [0061]  25 The active hydrogen-containing compound is a
high-molecular-weightpolyol, low-molecular-weightpolyol, and  a low-molecular-weight polyamine or the
like which have active  hydrogen reacted with the isocyanate component. [0062]  30 As the
high-molecular-weight polyol, a compound known in  22 F-P07321TR(SG)  the field of polyurethane can
be used without particular  limitation. The high-molecular-weight polyol includes, for  example, polyether
polyols represented by polytetramethylene  ether glycol and polyethylene glycol, polyester polyols 5
represented by polybutylene adipate, polyester polycarbonate  polyols exemplified by reaction products of
polyester glycols  such as polycaprolactone polyol and polycaprolactone with  alkylene carbonate,
polyester polycarbonate polyols obtained  by reacting ethylene carbonate with a multivalent alcohol and
10 reacting the resulting reaction mixture with an organic  dicarboxylic acid, polycarbonate polyols
obtained by ester  exchange reaction ofapolyhydroxylcompound with aryl carbonate,  and polymer polyols
such as polyether polyol in which polymer  particles are dispersed. These maybe used singly or as
amixture 
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excessively high crosslinking degree of a polyurethane foam to 

reduce the adsorptive property of the material to be polished.  

The hydroxy value of less than 20 mg KOH/g tends to decrease 

the amount of hard segments of polyurethane to reduce the 

durability of the polyurethane foam.  The hydroxy value of more 5 

than 100 mg KOH/g tends to cause excessively high crosslinking 

degree of the polyurethane foam to reduce the adsorptive property 

of the material to be polished. 

[0065] 

 These specific high-molecular-weight polyols of 60 to 85 10 

wt% are preferably contained in the active hydrogen-containing 

compound, and more preferably 70 to 80 wt%.  A cell film is easily 

broken by using a specific amount of the specific 

high-molecular-weight polyol, and an interconnected cell 

structure is easily formed. 15 

[0066] 

 A number-average molecular weight of the 

high-molecular-weight polyol is not particularly limited, but 

is preferably 1500 to 6000, from the viewpoint of the elastic 

characteristics of the resulting polyurethane.  When the 20 

number-average molecular weight is less than 1500, the 

polyurethane obtained therefrom does not have sufficient elastic 

characteristics, thus easily becoming a brittle polymer.  

Accordingly, a foamed layer made of this polyurethane is rigid 

to reduce the holding property of the material to be polished.  25 

On the other hand, when the number-average molecular weight is 

higher than 6000, polyurethane obtained therefrom becomes too 

soft.  Therefore, a foamed layer made of this polyurethane tends 

to be inferior in durability. 

[0067] 30 

15 of two or more thereof. To produce the polyurethane foamed layer  having an independent cell
structure, a polyether polyol is  preferably only used. [0063] To produce the polyurethane foamed layer
having an 20 interconnected cell structure, a polymer polyol is preferably  used, and a polymer polyol in
which polymer particles made of  acrylonitrile and/or styrene-acrylonitrile copolymers are  dispersed is
particularly preferably used. This polymer polyol  is contained in an amount of preferably 20 to 100 wt%,
more 25 preferably 30 to 60 wt%, in the whole polymer polyol used.  [0064] A high-molecular-weight
polyol having 2 to 4 functional  groups and a hydroxy value of 20 to 100 mg KOH/g is preferably  used.
The hydroxy value is more preferably 25 to 60 mg KOH/g. 30 The number of the functional groups of 5 or
more tends to cause  23 F-P07321TR(SG)  excessively high crosslinking degree of a polyurethane foam
to  reduce the adsorptive property of the material to be polished.  The hydroxy value of less than 20 mg
KOH/g tends to decrease  the amount of hard segments of polyurethane to reduce the 5 durability of the
polyurethane foam. The hydroxy value of more  than 100 mg KOH/g tends to cause excessively high
crosslinking  degree of the polyurethane foam to reduce the adsorptive property  of the material to be
polished. [0065]  10 These specific high-molecular-weight polyols of 60 to 85  wt% are preferably
contained in the active hydrogen-containing  compound, andmore preferably 70 to 80 wt%. A cell film is
easily  broken by using a specific amount of the specific  
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       Examples of the low-molecular-weight polyol that can be 

used together with a high-molecular-weight polyol described 

above include: ethylene glycol, 1,2-propylene glycol, 

1,3-propylene glycol, 1,4-butanediol, 1,6-hexanediol, 

neopentyl glycol, 1,4-cyclohexanedimethanol, 5 

3-methyl-1,5-pentanediol, diethylene glycol, 

triethyleneglycol, 1,4-bis(2-hydroxyethoxy)benzene and the 

like.  Other examples that can be used together with the 

high-molecular-weight polyol also include: 

low-molecular-weight polyamine such as ethylenediamine, 10 

tolylenediamine, diphenylmethanediamine, diethylenetriamine 

and the like.  These low-molecular-weight polyols, low 

-molecular-weight polyamines may be used alone or as a mixture 

of two or more thereof. 

[0068] 15 

 To form the polyurethane foamed layer having an 

interconnected cell structure, among these compounds, a 

low-molecular-weight polyol having a hydroxyl value of 400 to 

1830 mg KOH/g and/or a low-molecular-weight polyamine having 

an amine value of 400 to 1870 mg KOH/g are preferably used.  The 20 

hydroxyl value is more preferably 700 to 1250 mg KOH/g, and the 

amine value is more preferably 400 to 950 mg KOH/g.  When the 

hydroxyl value is less than 400 mg KOH/g or the amine value is 

less than 400 mg KOH/g, an effect of improving formation of 

interconnected cells tends to be not sufficiently obtained.  On 25 

the other hand, when the hydroxyl value is greater than 1830 

mg KOH/g or the amine value is greater than 1870 mg KOH/g, it 

tends to decrease the distance of between hard segments of 

polyurethane to reduce the adsorptive property of the material 

to be polished.  Particularly, diethylene glycol, triethylene 30 

high-molecular-weight polyol, and an interconnected cell 15 structure is easily formed.  [0066] A
number-average molecular weight of the  high-molecular-weight polyol is not particularly limited, but  is
preferably 1500 to 6000, from the viewpoint of the elastic 20 characteristics of the resulting polyurethane.
When the  number-average molecular weight is less than 1500, the  polyurethane obtained there from
doesnothavesufficientelastic  characteristics, thus easily becoming a brittle polymer.  Accordingly, a
foamed layer made of this polyurethane is rigid 25 to reduce the holding property of the material to be
polished.  On the other hand, when the number-average molecular weight is  higher than 6000,
polyurethane obtained therefrom becomes too  soft. Therefore, a foamed layer made of this polyurethane
tends  to be inferior in durability. 30 [0067] 24 F-P07321TR(SG)  Examples of the low-molecular-weight
polyol that can be used together with a high-molecular-weight polyol described  above include: ethylene
glycol, 1,2-propylene glycol,  1,3-propylene glycol, 1,4-butanediol, 1,6-hexanediol, 5 neopentyl glycol,
1,4-cyclohexanedimethanol,  3-methyl-1,5-pentanediol, diethylene glycol,  triethyleneglycol,
1,4-bis(2-hydroxyethoxy)benzene and the  like. Other examples that can be used together with the
high-molecular-weight polyol also include: 10 low-molecular-weight polyamine such as etlylenediamine,
tolylenediamine, diphenylmethanediamine, diethylenetriamine  and the like. These low-molecular-weight
polyols, low  
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glycol or 1,4-butanediol is preferably used. 

[0069] 

 The ratio of the high-molecular-weight polyol and 

low-molecular-weight polyol or the like is determined according 

to characteristics necessitated for the polyurethane foamed 5 

layer manufactured therefrom. 

[0070] 

 To form the polyurethane foamed layer having an 

interconnected cell structure, the low-molecular-weight polyol 

and/or the low-molecular-weight polyamine are contained in the 10 

total amount of preferably 2 to 15 wt%, more preferably 5 to 

10 wt%, in the active hydrogen-containing compound.  By using 

the low-molecular-weight polyol etc. in specified amounts, cell 

films are easily broken to easily form an interconnected cell 

structure and further the mechanical characteristics of the 15 

polyurethane foamed layer are improved. 

[0071] 

       In the case where a polyurethane is produced by means of 

a prepolymer method, a chain extender is used in curing of a 

prepolymer.  A chain extender is an organic compound having at 20 

least two active hydrogen groups and examples of the active 

hydrogen group include: a hydroxyl group, a primary or secondary 

amino group, a thiol group (SH) and the like.  Concrete examples 

of the chain extender include: polyamines such as 

4,4’-methylenebis(o-chloroaniline)(MOCA), 25 

2,6-dichloro-p-phenylenediamine, 

4,4’-methylenebis(2,3-dichloroaniline), 

3,5-bis(methylthio)-2,4-toluenediamine, 

3,5-bis(methylthio)-2,6-toluenediamine, 

3,5-diethyltoluene-2,4-diamine, 30 

-molecular-weight polyamines may be used alone or as a mixture  of two or more thereof. 15 [0068] To
form the polyurethane foamed layer having an  interconnected cell structure, among these compounds, a
low-molecular-weight polyol having a hydroxyl value of 400 to  1830 mg KOH/g and/or a
low-molecular-weight polyamine having 20 an amine value of 400 to 1870 mg KOH/g are preferably used.
The  hydroxyl value is more preferably 700 to 1250 mg KOH/g, and the  amine value is more preferably
400 to 950 mg KOH/g. When the  hydroxyl value is less than 400 mg KOH/g or the amine value is  less
than 400 mg KOH/g, an effect of improving formation of 25 interconnected cells tends to be not
sufficiently obtained. On  the other hand, when the hydroxyl value is greater than 1830  mg KOH/g or the
amine value is greater than 1870 mg KOH/g, it  tends to decrease the distance of between hard segments
of  polyurethane to reduce the adsorptive property of the material 30 to be polished. Particularly,
diethylene glycol, triethylene  25 F-P07321TR(SG)  glycol or 1,4-butanediol is preferably used. [0069] The
ratio of the high-molecular-weight polyol and  low-molecular-weight polyol or the like is determined
according  5 to characteristics necessitated for the polyurethane foamed  layer manufactured therefrom.
0070] To form the polyurethane foamed layer having an  interconnected cell structure, the
low-molecular-weight polyol  10 and/or the low-molecular-weight polyamine are contained in the total
amount of preferably 2 to 15 wt%, more preferably 5 to  
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3,5-diethyltoluene-2,6-diamine, trimethylene 

glycol-di-p-aminobenzoate, polytetramethylene 

oxide-di-p-aminobenzoate, 

4,4’-diamino-3,3’,5,5’-tetraethyldiphenylmethane, 

4,4’-diamino-3,3’-diisopropyl-5.5’-dimethyldiphenylmethane, 5 

4,4’-diamino-3,3’,5,5’-tetraisopropyldiphenylmethane, 

1,2-bis(2-aminophenylthio)ethane, 

4,4’-diamino-3,3’-diethyl-5.5’-dimethyldiphenylmethane, 

N,N’-di-sec-butyl-4,4’-diaminophenylmethane, 

3,3’-diethyl-4,4’-diaminodiphenylmethane, m-xylylenediamine, 10 

N,N’-di-sec-butyl-p-phenylenediamine, m-phenylenediamine and 

p-xylylenediamine; low-moleculer-weight polyol component; and 

a low-molecular-weight polyamine component.  The chain 

extenders described above may be used either alone or in mixture 

of two kinds or more.   15 

[0072] 

 The average hydroxy value (OHVav) of the active 

hydrogen-containing compound used in the second and third aspect 

of the inventions is preferably within the range of the following 

equation. 20 

(350－80×fav－120/fav)≦OHVav≦(350－80×fav＋120/fav) 

 In the above equation, OHVav and fav (the number of the 

average functional groups) are calculated by the following 

equation. 

[Equation 1] 25 

 

[Equation 2] 

10 wt%, in the active hydrogen-containing compound. By using  the low-molecular-weight polyol etc. in
specified amounts, cell  films are easily broken to easily form an interconnected cell 15 structure and
further the mechanical characteristics of the  polyurethane foamed layer are improved. [0071] In the case
where a polyurethane is produced by means of  a prepolymer method, a chain extender is used in curing
of a  20 prepolymer. A chain extender is an organic compound having at least two active hydrogen groups
and examples of the active  hydrogen group include: a hydroxyl group, a primary or secondary  amino
group, a thiol group (SH) and the like. Concrete examples  of the chain extender include: polyamines
such as 25 4,4'-methylenebis(o-chloroaniline)(MOCA),  2,6-dichloro-p-phenylenediamine,
4,4'-methylenebis(2,3-dichloroaniline),  3,5-bis(methylthio)-2,4-toluenediamine,
3,5-bis(methylthio)-2,6-toluenediamine, 30 3,5-diethyltoluene-2,4-diamine,  26 F-P07321TR(SG)
3,5-diethyltoluene-2,6-diamine, trimethylene glycol-di-p-aminobenzoate, polytetramethylene
oxide-di-p-aminobenzoate,  4,4'-diamino-3,3',5,5'-tetraethyldiphenylmethane, 5
4,4'-diamino-3,3'-diisopropyl-5.5'-dimethyldiphenylmethane,
4,4'-diamino-3,3',5,5'-tetraisopropyldiphenylmethane,  1,2-bis(2-aminophenylthio)ethane,
4,4'-diamino-3,3'-diethyl-5.5'-dimethyldiphenylmethane,  N,N'-di-sec-butyl-4,4'-diaminophenylmethane, 10
3,3'-diethyl-4,4'-diaminodiphenylmethane, m-xylylenediamine,  
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 In the above equation, n represents the number of the polyol 

components; ai represents the hydroxy value; bi represents the 

number of the functional groups; and ci represents addition part 

by weight. 5 

 For example, when the active hydrogen-containing compound 

to be used is a first to a n-th polyol components, the hydroxy 

value of the first polyol component is defined as a1; the number 

of functional groups is defined as b1, the addition weight part 

is defined as c1···; the hydroxy value of the n-th polyol component 10 

is defined as an; the number of the functional groups is defined 

as bn; and the addition weight part is defined as cn.  However, 

since referring to the polymer polyol, the polymer particles 

are dispersed, the number of the functional groups is calculated 

as 3 even in any of kinds. 15 

[0073] 

 When polyurethane is produced by a prepolymer method in 

the second and third aspects of the invention, the kind and 

compounding rate of the active hydrogen-containing compound used 

in synthesizing and curing an isocyanate-terminated-prepolymer 20 

are not particularly limited.  However, in synthesizing the 

isocyanate-terminated-prepolymer, it is preferable that the 

high-molecular-weight polyol of 80 wt% or more is used in the 

active hydrogen-containing compound, and the 

low-molecular-weight polyol and/or low-molecular-weight 25 

polyamine of 80 wt% or more are used in the active 

hydrogen-containing compound in curing the 

isocyanate-terminated-prepolymer.  The proper use of the active 

N,N'-di-sec-butyl-p-phenylenediamine, m-phenylenediamine and  p-xylylenediamine;
low-moleculer-weight polyol component; and  a low-molecular-weight polyamine component. The chain
extenders described above may be used either alone or in mixture  15 of two kinds or more. 0072] The
average hydroxy value (OHVav) of the active  hydrogen-containing compound used in the second and
third aspect  of the inventions is preferably within the range of the following  20 equation.
(35080Xfav120/fav) '~_OHVav'~_ (35080Xfav+120/fav) In the above equation, OHVav and fav (the
number of the  average functional groups) are calculated by the following  equation. 25 [Equation 1] ,n n
OHVavM E (al X cz)/ E CZ  1=1 X=1  [Equation 2] 27 F-P07321TR(SG)  n fav= E (hi X cr) / E cz  i=1 i=1
In the above equation, n represents the number of the polyol  components; ai represents the hydroxy
value; bi represents the  number of the functional groups; and ci represents addition part  5 by weight. For
example, when the active hydrogen-containing compound  to be used is a first to a n-th polyol
components, the hydroxy  
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hydrogen-containing compound is a desirable method in terms of 

the stability of the physical characteristics and productivity 

of polyurethane to be obtained. 

[0074] 

       A ratio between an isocyanate component, a polyol component 5 

and a chain extender in the invention can be altered in various 

ways according to molecular weights thereof, desired physical 

properties of polyurethane foamed layer and the like.  In order 

to obtain a foamed layer with desired polishing  

characteristics, a ratio of the number of isocyanate groups in 10 

an isocyanate component relative to a total number of active 

hydrogen groups (hydroxyl groups + amino groups) in a polyol 

component and a chain extender is preferably in the range of 

from 0.80 to 1.20 and more preferably in the range of from 0.99 

to 1.15. When the number of isocyanate groups is outside the 15 

aforementioned range, there is a tendency that curing deficiency 

is caused, required cell, specific gravity, hardness and 

compressibility are not obtained. 

[0075] 

 The isocyanate-terminated prepolymer is preferably a 20 

prepolymer having a molecular weight of about 1000 to 10000, 

more preferably 1000 to 5000 because of its excellent workability, 

physical properties etc.  When the prepolymer is solid at an 

ordinary temperature, the prepolymer is melted by preheating 

at a suitable temperature prior to use. 25 

[0076] 

 The silicon-based surfactant includes, for example, a 

surfactant containing polyalkylsiloxane/polyether copolymer.  

Such silicon-based surfactant can be exemplified by SH-192 and 

L-5340 (made by Toray Dow Corning Silicone Co., Ltd.) as 30 

value of the first polyol component is defined as al; the number  of functional groups is defined as bl, the
addition weight part 10 is defined as cl   . ; the hydroxy value of the n-th polyol component  is defined as
an; the number of the functional groups is defined  as bn; and the addition weight part is defined as on.
However,  since referring to the polymer polyol, the polymer particles  are dispersed, the number of the
functional groups is calculated  15 as 3 even in any of kinds. 00731 When polyurethane is produced by a
prepolymer method in  the second and third aspects of the invention, the kind and  compounding rate of
the active hydrogen-containing compound used 20 in synthesizing and curing an
isocyanate-terminated-prepolymer  are not particularly limited. However, in synthesizing the
isocyanate-terminated-prepolymer, it is preferable that the  high-molecular-weight polyol of 80 wt% or
more is used in the  active hydrogen-containing compound, and the 25 low-molecular-weight polyol
and/or low-molecular-weight  polyamine of 80 wt% or more are used in the active  hydrogen-containing
compound in curing the  isocyanate-terminated-prepolymer. The proper use of the active 28
F-P07321TR(SG)  hydrogen-containing compound is a desirable method in terms of  the stability of the
physical characteristics and productivity  of polyurethane to be obtained. [0074]  5 Aratio between an
isocyanate component, apolyol component  and a chain extender in the invention can be altered in
various  ways according to molecular weights thereof, desired physical  properties of polyurethane
foamed layer and the like. In order  
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preferable compounds. 

[0077] 

       Various additives may be mixed; such as a stabilizer 

including an antioxidant, a lubricant, a pigment, a filler, an 

antistatic agent and others. 5 

[0078] 

       The unreactive gas used for forming fine bubbles is 

preferably not combustible, and is specifically nitrogen, oxygen, 

a carbon dioxide gas, a rare gas such as helium and argon, and 

a mixed gas thereof, and the air dried to remove water is most 10 

preferable in respect of cost. 

[0079] 

 As a stirring device for dispersing an unreactive gas in 

a fine-cell state, any known stirring deices can be used without 

particular limitation, and specific examples include a 15 

homogenizer, a dissolver, a twin-screw planetary mixer, a 

mechanical froth foaming machine etc.  The shape of a stirring 

blade of the stirring device is not particularly limited, and 

a whipper-type stirring blade is preferably used to form fine 

cells.  For obtaining the intended polyurethane foamed layer, 20 

the number of revolutions of the stirring blade is preferably 

500 to 2000 rpm, more preferably 800 to 1500 rpm.  The stirring 

time is suitably regulated depending on the intended density. 

[0080] 

 In a preferable mode, different stirring devices are used 25 

for preparing a cell dispersion in the foaming process and for 

stirring the first and the second components to mix them, 

respectively.  Stirring in the mixing step may not be stirring 

for forming cells, and a stirring device not generating large 

cells is preferably used in the mixing step.  Such a stirring 30 

to obtain a foamed layer with desired polishing 10 characteristics, a ratio of the number of isocyanate
groups in  an isocyanate component relative to a total number of active  hydrogen groups (hydroxyl
groups + amino groups) in a polyol  component and a chain extender is preferably in the range of  from
0.80 to 1.20 and more preferably in the range of from 0.99 15 to 1.15. When the number of isocyanate
groups is outside the  aforementioned range, there is a tendency that curing deficiency  is caused,
required cell, specific gravity, hardness and  compressibility are not obtained. [0075]  20 The
isocyanate-terminated prepolymer is preferably a  prepolymer having a molecular weight of about 1000 to
10000,  more preferably 1000 to 5000 because of its excellent workability,  physical properties etc. When
the prepolymer is solid at an  ordinary temperature, the prepolymer is melted by preheating  25 at a
suitable temperature prior to use. [0076] The silicon-based surfactant includes, for example, a  surfactant
containing polyalkylsiloxane/polyether copolymer.  Such silicon-based surfactant can be exemplified by
SH-192 and 30 L-5340 (made by Toray Dow Corning Silicone Co., Ltd.) as  29 F-P07321TR(SG)
preferable compounds. 0077] Various additives may be mixed; such as a stabilizer  including an
antioxidant, a lubricant, a pigment, a filler, an  5 antistatic agent and others. [0078] The unreactive gas
used for forming fine bubbles is  
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device is preferably a planetary mixer.  The same stirring device 

may be used in the foaming step of preparing a cell dispersion 

and in the mixing step of mixing the respective components, and 

stirring conditions such as a revolution rate of the stirring 

blade are preferably regulated according to necessary. 5 

[0081] 

 Then, the cell dispersed urethane composition prepared 

by the method described above is applied onto a base material 

sheet, and then the cell dispersed urethane composition is cured 

to form a polyurethane foamed layer. 10 

[0082] 

 The forming material for the base material sheet is not 

particularly limited.  Examples thereof include polyethylene 

terephthalate, polyester, polyethylene, polypropylene, 

polystyrene, polyimide, polyvinyl alcohol, polyvinyl chloride, 15 

a fluorine-containing resin such as polyfluoroethylene, nylon 

and cellulose. 

[0083] 

 In the first and third aspects of the invention, the 

thickness of the base material sheet is not limited.  However, 20 

the thickness is preferably about 0.05 to about 0.3 mm in terms 

of the strength and flexibility or the like thereof. 

[0084] 

 The base material sheet used in the second aspect of the 

invention preferably has a nitrogen gas permeation rate of 1 25 

x 10-7 [cm3/cm2·s·cmHg] or less, and more preferably 1 x 10-8 

[cm3/cm2·s·cmHg] or less.  Examples of the forming materials 

satisfying these conditions include polyethylene terephthalate, 

polypropylene and polyethylene. 

[0085] 30 

preferably not combustible, and is specifically icallynitrogen, o a carbon dioxide gas, a rare gas such as
helium and argon, and  10 a mixed gas thereof, and the air dried to remove water is most  preferable in
respect of cost. 0079] As a stirring device for dispersing an unreactive gas in  a fine-cell state, any known
stirring deices can be used without  15 particular limitation, and specific examples include a homogenizer,
a dissolver, a twin-screw planetary mixer, a  mechanical froth foaming machine etc. The shape of a
stirring  blade of the stirring device is not particularly limited, and  a whipper-type stirring blade is
preferably used to form fine 20 cells. For obtaining the intended polyurethane foamed layer,  the number
of revolutions of the stirring blade is preferably  500 to 2000 rpm, more preferably 800 to 1500 rpm. The
stirring  time is suitably regulated depending on the intended density.  [0080] 25 In a preferable mode,
different stirring devices are used  for preparing a cell dispersion in the foaming process and for  stirring
the first and the second components to mix them,  respectively. Stirring in the mixing step may not be
stirring  for forming cells, and a stirring device not generating large 30 cells is preferably used in the
mixing step. Such a stirring  30 F-P07321TR(SG)  device is preferably a planetary mixer. The same
stirring device  may be used in the foaming step of preparing a cell dispersion  and in the mixing step of
mixing the respective components, and  stirring conditions such as a revolution rate of the stirring 5 blade
are preferably regulated according to necessary.  [0081] 
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 In the second aspect of the invention, the thickness of 

the base material sheet is not particularly limited.  However, 

the thickness is preferably 0.025 to 0.3 mm, and more preferably 

0.05 to 0.2 mm in terms of the suppression of permeation of gas 

included in the polyurethane foamed layer, and the strength and 5 

flexibility of the base material sheet. 

[0086] 

 A method of applying the cell dispersed urethane 

composition onto the base material sheet can make use of coating 

methods using, for example, roll coaters such as a gravure coater, 10 

kiss-roll coater and comma coater, die coaters such as a slot 

coater and fountain coater, and a squeeze coater, a curtain coater 

etc., and any methods can be used insofar as a uniform coating 

film can be formed on the base material sheet. 

[0087] 15 

 Post cure by heating the polyurethane foam, formed by 

applying the cell dispersed urethane composition onto the base 

material sheet and then reacting the composition until it does 

not flow, has an effect of improving physical properties of the 

polyurethane foam and is thus extremely preferable.  Post cure 20 

is carried out preferably at 40 to 70°C for 10 to 60 minutes 

and conducted preferably at a normal pressure in order to 

stabilize the shape of cells. 

[0088] 

 In the production of the polyurethane foamed layer, known 25 

catalysts promoting a polyurethane reaction, such as tertiary 

amine-based catalysts, may be used.  The type and amount of the 

catalyst added are determined in consideration of flow time for 

application onto a base material sheet after the step of mixing 

the respective components. 30 

Then, the cell dispersed urethane composition prepared  by the method described above is applied onto a
base material  sheet, and then the cell dispersed urethane composition is cured  10 to form a
polyurethane foamed layer. [0082] The forming material for the base material sheet is not  particularly
limited. Examples thereof include polyethylene  terephthalate, polyester, polyethylene, polypropylene, 15
polystyrene, polyimide, polyvinyl alcohol, polyvinyl chloride,  a fluorine-containing resin such as
polyfluoroethylene, nylon  and cellulose. [0083] In the first and third aspects of the invention, the  20
thickness of the base material sheet is not limited. However,  the thickness is preferably about 0.05 to
about 0.3 mm in terms  of the strength and flexibility or the like thereof. [0084] The base material sheet
used in the second aspect of the  25 invention preferably has a nitrogen gas permeation rate of 1  x 10-7
[cm3/cm2scmHg] or less, and more preferably 1 x 10-8  [cm3/cm2scmHg] or less. Examples of the
forming materials  satisfying these conditions include polyethylene terephthalate,  polypropylene and
polyethylene. 30 [0085] 31 F-P07321TR(SG)  In the second aspect of the invention, the thickness of the
base material sheet is not particularly limited. However,  the thickness is preferably C. 025 to 0.3 mm, and
more preferably  0.05 to 0.2 mm in terms of the suppression of permeation of gas 5 included in the
polyurethane foamed layer, and the strength and  
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[0089] 

 Production of the polyurethane foamed layer may be carried 

out in a batch system wherein the respective components are 

weighed, introduced into a container, and mechanically stirred, 

or in a continuous production system wherein the respective 5 

components and an unreactive gas are continuously fed to a 

stirring device and mechanically stirred, and the resulting cell 

dispersed urethane composition is sent onto a base material sheet 

to form a product. 

[0090] 10 

       In the process for producing the layered sheet of the first 

and third aspect of the invention, it is necessary that after 

the polyurethane foamed layer is formed on the base material 

sheet or while the polyurethane foamed layer is formed, the 

thickness of the polyurethane foamed layer is uniformly regulated.  15 

A method of uniformly regulating the thickness of the 

polyurethane foamed layer includes, but is not limited to, a 

method of buffing the polyurethane foam with an abrasive, a method 

of pressing it with a pressing plate, etc.  When buffing the 

polyurethane foamed layer, a layered sheet having no skin layer 20 

formed on the surface of the polyurethane foamed layer is obtained.  

When pressing the polyurethane foamed layer, a layered sheet 

having a skin layer formed on the surface of the polyurethane 

foamed layer is obtained.  The conditions when pressing are not 

particularly limited.  However, the temperature is preferably 25 

regulated to be a glass transition point or more. 

[0091] 

       On the other hand, the cell dispersed urethane composition 

prepared by the method described above is applied onto the base 

material sheet, and a release sheet is laminated on the cell 30 

flexibility of the base material sheet. [0086] A method of applying the cell dispersed urethane  composition
onto the base material sheet can make use of coating  10 methods using, for example, roll coaters such
as a gravure coater, kiss-roll coater and comma coater, die coaters such as a slot  coater and fountain
coater, and a squeeze coater, a curtain coater  etc., and any methods can be used insofar as a uniform
coating  film can be formed on the base material sheet. 15 [0087] Post cure by heating the polyurethane
foam, formed by  applying the cell dispersed urethane composition onto the base  material sheet and then
reacting the composition until it does  not flow, has an effect of improving physical properties of the 20
polyurethane foam and is thus extremely preferable. Post cure  is carried out preferably at 40 to 70C for
10 to 60 minutes  and conducted preferably at a normal pressure in order to  stabilize the shape of cells.
[0088]  25 In the production of the polyurethane foamed layer, known  catalysts promoting a polyurethane
reaction, such as tertiary  amine-based catalysts, may be used. The type and amount of the  catalyst
added are determined in consideration of flow time for  application onto a base material sheet after the
step of mixing  30 the respective components. 32 F-P07321TR(SG)  [0089] Production of the
polyurethane foamed layer may be carried  out in a batch system wherein the respective components are
weighed, introduced into a container, and mechanically stirred, 
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dispersed urethane composition.  Thereafter, the cell dispersed 

urethane composition may be cured to form a polyurethane foamed 

layer while the thickness thereof is made uniform with a pressing 

means.  The process is particularly preferable since the process 

can control the thickness of the layered sheet extremely 5 

uniformly. 

[0092] 

 A material for forming the release sheet includes, but 

is not limited to, resin of the same kind of the base material 

sheet and paper.  The release sheet is preferably a sheet with 10 

less dimensional change upon heating.  The surface of the release 

sheet may be subjected to a release treatment. 

[0093] 

 On the other hand, in the process for producing the layered 

sheet of the second aspect of the invention, a cell dispersed 15 

urethane composition is applied onto a base material sheet, and 

a release sheet is then laminated on the cell dispersed urethane 

composition.  The cell dispersed urethane composition is cured 

while making the thickness thereof uniform with a pressing means 

to form a polyurethane foamed layer.  A skin layer is formed 20 

on the surface of the polyurethane foamed layer by using the 

release sheet. 

[0094] 

 The release sheet used in the second aspect of the invention 

should have a nitrogen gas permeation rate of 1 x 10-7 25 

[cm3/cm2·s·cmHg] or less, and preferably 1 x 10-8 [cm3/cm2·s·cmHg] 

or less.  Examples of the forming materials satisfying the 

condition include polyethylene terephthalate, polypropylene 

and polyethylene.  The release sheet having a small dimensional 

change caused by heat is preferable.  The surface of the release 30 

5 or in a continuous production system wherein the respective  components and an unreactive gas are
continuously fed to a  stirring device and mechanically stirred, and the resulting cell  dispersed urethane
composition is sent onto a base material sheet  to form a product. 10 [0090] In the process for producing
the layered sheet of the first  and third aspect of the invention, it is necessary that after  the polyurethane
foamed layer is formed on the base material  sheet or while the polyurethane foamed layer is formed, the
15 thicknessofthepolyurethanefoamedlayerisuniformlyregulated.  A method of uniformly regulating the
thickness of the  polyurethane foamed layer includes, but is not limited to, a  method of buffing
thepolyurethane foamwithanabrasive, amethod  of pressing it with a pressing plate, etc. When buffing the
20 polyurethane foamed layer, a layered sheet having no skin layer  formed on the surface of the
polyurethane foamed layer is obtained.  When pressing the polyurethane foamed layer, a layered sheet
having a skin layer formed on the surface of the polyurethane  foamed layer is obtained. The conditions
when pressing are not 25 particularly limited. However, the temperature is preferably  regulated to be a
glass transition point or more. [0091] On the other hand, the cell dispersed urethane composition
prepared by the method described above is applied onto the base  30 material sheet, and a release sheet
is laminated on the cell  33 F-P07321TR(SG)  dispersed urethane composition. Thereafter, the cell
dispersed  urethane composition may be cured to form a polyurethane foamed  layer while the thickness
thereof is made uniformwith a pressing  
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sheet may be subjected to release treatment.  The release sheet 

may be used as a protective sheet as it is without being released 

after the layered sheet is produced. 

[0095] 

 In the second aspect of the invention, the thickness of 5 

the release sheet is not particularly limited.  However, the 

thickness is preferably 0.025 to 0.3 mm, and more preferably 

0.05 to 0.2 mm in terms of the suppression of permeation of gas 

included in the polyurethane foamed layer, and strength and 

flexibility of the release sheet. 10 

[0096] 

       A pressing means for pressing a sandwich sheet made of 

the base material sheet, the cell dispersed urethane composition 

(cell dispersed urethane layer) and the release sheet to make 

the thickness of the sandwich sheet uniform is not particularly 15 

limited, and for example, a method of pressing it to a 

predetermined thickness with a coater roll, a nip roll or the 

like.  In considering the fact that, after compression, the size 

of cells in the foamed layer is increased about 1.2 to 2 times, 

it is preferable in compression to satisfy the following 20 

equation:  (Clearance of a coater or nip) – (thickness of the 

base material sheet and release sheet) = (50 to 85% of the thickness 

of the polyurethane foamed layer after curing).  The specific 

gravity of the cell dispersed urethane composition before passing 

a roll is preferably 0.24 to 1 in order to obtain a polyurethane 25 

foamed layer having a specific gravity of 0.2 to 0.5. 

[0097] 

 After the thickness of the sandwich sheet is made uniform, 

the polyurethane foam is reacted until it does not flow, followed 

by post cure to form a polyurethane foamed layer.  The conditions 30 

means. The process is particularly preferable since the process 5 can control the thickness of the layered
sheet extremely  uniformly. 0092] A material for forming the release sheet includes, but  is not limited to,
resin of the same kind of the base material  10 sheet and paper. The release sheet is preferably a sheet
with less dimensional change upon heating. The surface of the release  sheet may be subjected to a
release treatment. 0093] On the other hand, in the process for producing the layered  15 sheet of the
second aspect of the invention, a cell dispersed  urethane composition is applied onto a base material
sheet, and  a release sheet is then laminated on the cell dispersed urethane  composition. The cell
dispersed urethane composition is cured  while making the thickness thereof uniform with a pressing
means 20 to form a polyurethane foamed layer. A skin layer is formed  on the surface of the polyurethane
foamed layer by using the  release sheet. 0094] The release sheet used in the second aspect of the
invention  25 should have a nitrogen gas permeation rate of 1 x 10-7  [cm3/cm2scmHg] or less,
andpreferablylxl0-8 [cm3/cm2scmHg]  or less. Examples of the forming materials satisfying the  condition
include polyethylene terephthalate, polypropylene  and polyethylene. The release sheet having a small
dimensional 30 change caused by heat is preferable. The surface of the release  34 F-P07321TR(SG)
sheet may be subjected to release treatment. The release sheet  may be used as a protective sheet as it
is without being released  



F-P07321TR(SG) 

 36

for post cure are the same as described above. 

[0098] 

 The release sheet on the polyurethane foamed layer is then 

released to obtain a layered sheet.  In this case, a skin layer 

is formed on the polyurethane foamed layer.  After the release 5 

sheet is released, the skin layer may be removed by buffing the 

polyurethane foamed layer. 

[0099] 

 The thickness of the polyurethane foamed layer is 

particularly not limited.  However, the thickness is preferably 10 

0.2 to 1.2 mm, and more preferably 0.6 to 1 mm. 

[0100] 

 In the first aspect of the invention, cells in the 

polyurethane foamed layer may be independent cells, and may be 

interconnected cells. 15 

[0101] 

 The polyurethane foamed layer produced by the process of 

the second aspect of the invention mainly has an interconnected 

cell structure, and the rate of the interconnected cell is 50% 

or more, and preferably 65% or more. 20 

[0102] 

 In the third aspect of the invention, the polyurethane 

foamed layer has spherical interconnected cells with surfaces 

in which circular holes are formed.  The interconnected cells 

are not formed by crushing. 25 

[0103] 

 The average cell diameter of the cells in the polyurethane 

foamed layer is preferably 20 to 300 µm, and more preferably 

50 to 150 µm.  When the average cell diameter deviates from this 

range, the surface smoothness of the material to be polished 30 

after the layered sheet is produced. [0095]  5 In the second aspect of the invention, the thickness of  the
release sheet is not particularly limited. However, the  thickness is preferably 0.025 to 0.3 mm, and more
preferably  0.05 to 0.2 mm in terms of the suppression of permeation of gas  included in the polyurethane
foamed layer, and strength and 10 flexibility of the release sheet.  [0096] A pressing means for pressing a
sandwich sheet made of  the base material sheet, the cell dispersed urethane composition  (cell
dispersed urethane layer) and the release sheet to make 15 the thickness of the sandwich sheet uniform
is not particularly  limited, and for example, a method of pressing it to a  predetermined thickness with a
coater roll, a nip roll or the  like. In considering the fact that, after compression, the size  of cells in the
foamed layer is increased about 1.2 to 2 times, 20 it is preferable in compression to satisfy the following
equation: (Clearance of a coater or nip) - (thickness of the  basematerial sheet andrelease sheet) _ (50 to
85%of the thickness  of the polyurethane foamed layer after curing) . The specific  gravity of the cell
dispersed urethane composition before passing 25 a roll is preferably 0.24 to 1 in order to obtain a
polyurethane  foamed layer having a specific gravity of 0.2 to 0.5. 0097] After the thickness of the
sandwich sheet is made uniform,  the polyurethane foam is reacted until it does not flow, followed  30 by
post cure to forma polyurethane foamed layer. The conditions  35 F-P07321TR(SG)  for post cure are the
same as described above. 
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after polishing tends to be deteriorated.  In the third aspect 

of the invention, the average diameter of the circular holes 

of the surface of each of the cells is preferably 100 µm or less, 

and more preferably 50 µm or less. 

[0104] 5 

 The average cell diameter difference (maximum value of 

average cell diameter - minimum value of average cell diameter) 

of the polyurethane foamed layer in the thickness direction is 

preferably 50 µm or less, and more preferably 30 µm or less.  

A method for calculating the average cell diameter difference 10 

is based on the description of Example in detail. 

[0105] 

 A specific gravity of the polyurethane foamed layer is 

preferably 0.2 to 0.5, and more preferably 0.25 to 0.4.  When 

the specific gravity is less than 0.2, the cell rate tends to 15 

be excessively increased to deteriorate the durability.  On the 

other hand, when the specific gravity is more than 0.5, the 

crosslinking density of the material should be lowered to attain 

a certain fixed modulus of elasticity.  In this case, permanent 

distortion tends to be increased and durability tends to be 20 

deteriorated. 

[0106] 

 A hardness of the polyurethane foamed layer, as determined 

by an Asker C hardness meter, is preferably 10 to 50 degrees, 

and more preferably 15 to 35 degrees.  When the Asker C hardness 25 

is less than 10 degrees, the durability of the layered sheet 

tends to be reduced or the surface smoothness of the material 

to be polished after polishing tends to be deteriorated.  On 

the other hand, when the Asker C hardness is more than 50 degrees, 

the holdability of the material to be polished tends to be 30 

[0098] The release sheet on the polyurethane foamed layer is then  released to obtain a layered sheet. In
this case, a skin layer  5 is formed on the polyurethane foamed layer. After the release sheet is released,
the skin layer may be removed by buffing the  polyurethane foamed layer. [0099] The thickness of the
polyurethane foamed layer is 10 particularly not limited. However, the thickness is preferably  0.2 to 1.2
mm, and more preferably 0.6 to 1 mm. [0100] In the first aspect of the invention, cells in the  polyurethane
foamed layer may be independent cells, and may be  15 interconnected cells. [0101] The polyurethane
foamed layer produced by the process of  the second aspect of the invention mainly has an
interconnected  cell structure, and the rate of the interconnected cell is 50%  20 or more, and preferably
65% or more. [0102] In the third aspect of the invention, the polyurethane  foamed layer has spherical
interconnected cells with surfaces  in which circular holes are formed. The interconnected cells  25 are
not formed by crushing. [0103] The average cell diameter of the cells in the polyurethane  foamed layer is
preferably 20 to 300 pm, and more preferably  50 to 150 pm. When the average cell diameter deviates
from this 30 range, the surface smoothness of the material to be polished  36 F-P07321TR(SG)  
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deteriorated. 

[0107] 

 The compression rate of the polyurethane foamed layer is 

preferably 2 to 10%, and more preferably 4 to 8%.  When the 

compression rate is less than 2%, the holdability of the material 5 

to be polished tends to be deteriorated.  When the compression 

rate is more than 10%, the durability and the surface smoothness 

of the material to be polished after polishing tends to be 

deteriorated. 

[0108] 10 

 The thickness fluctuation of the polyurethane foamed layer 

is preferably 100 µm or less, and more preferably 60 µm or less.  

When the thickness fluctuation is more than 100 µm, the layered 

sheet has large waviness.  As a result, the surface smoothness 

of the material to be polished after polishing tends to be 15 

deteriorated. 

[0109] 

 Since the layered sheet obtained by the production process 

of the second aspect of the invention has a holding surface having 

extremely high surface accuracy, the layered sheet can be used 20 

without separately buffing the holding surface using a polishing 

material.  However, the layered sheet may be buffed if needed. 

[0110] 

 Since the layered sheet having the skin layer formed on 

each of the polyurethane foamed layers of the first to third 25 

aspects of the invention has a holding surface having high surface 

accuracy, and the skin layer itself has adhesiveness, the layered 

sheet can sufficiently hold the material to be polished.  However, 

an adhesive layer may be separately provided. 

[0111] 30 

after polishing tends to be deteriorated. In the third aspect  of the invention, the average diameter of the
circular holes  of the surface of each of the cells is preferably 100 pm or less,  and more preferably 50 pm
or less. 5 [0104] The average cell diameter difference (maximum value of  average cell diameter -
minimum value of average cell diameter)  of the polyurethane foamed layer in the thickness direction is
preferably 50 pm or less, and more preferably 30 pm or less. 10 A method for calculating the average cell
diameter difference  is based on the description of Example in detail. [0105] A specific gravity of the
polyurethane foamed layer is  preferably 0.2 to 0.5, and more preferably 0.25 to 0.4. When  15 the
specific gravity is less than 0.2, the cell rate tends to be excessively increased to deteriorate the
durability. On the  other hand, when the specific gravity is more than 0.5, the  crosslinking density of the
material should be lowered to attain  a certain fixed modulus of elasticity. In this case, permanent 20
distortion tends to be increased and durability tends to be  deteriorated. [0106] A hardness of the
polyurethane foamed layer, as determined  by an Asker C hardness meter, is preferably 10 to 50
degrees,  25 and more preferably 15 to 35 degrees. When the Asker C hardness is less than 10 degrees,
the durability of the layered sheet  tends to be reduced or the surface smoothness of the material  to be
polished after polishing tends to be deteriorated. On  the other hand, when the Asker C hardness is more
than 50 degrees, 30 the holdability of the material to be polished tends to be  37 
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 Although the layered sheet having no skin layer formed 

on the polyurethane foamed layer of each of the first to third 

aspects of the invention has a holding surface having high surface 

accuracy, and can moisten the holding surface with water or the 

like to sufficiently hold the material to be polished.  However, 5 

an adhesive layer may be separately provided. 

[0112] 

 A double-side tape for sticking the layered sheet to a 

polishing head may be provided on the surface of the base material 

sheet of the layered sheet.  The double-side tape has a general 10 

constitution in which an adhesive layers are provided on both 

the surfaces of a base material such as a nonwoven fabric and 

a film.  Examples of compositions of the adhesive layers include 

a rubber adhesive and acrylic adhesive. 

[0113] 15 

 The process for producing a layered sheet according to 

the fourth aspect of the invention will be described below. 

[0114] 

       The polyurethane foam as the material for forming the 

polyurethane foamed layer can be produced by applying a melting 20 

method, a solution method or a known polymerization technique, 

among which preferable is a melting method, consideration being 

given to a cost, a working environment and the like.  

[0115] 

 Manufacture of the polyurethane foam is enabled by means 25 

of either a prepolymer method or a one shot method. 

[0116] 

       Manufacture of the polyurethane foam is to mix the first 

component containing an isocyanate group containing compound 

and the second component containing an active hydrogen group 30 

F-P07321TR(SG)  deteriorated. [0107] The compression rate of the polyurethane foamed layer is
preferably 2 to 10%, and more preferably 4 to 8%. When the  5 compression rate is less than 2%, the
holdability of the material to be polished tends to be deteriorated. When the compression  rate is more
than 10%, the durability and the surface smoothness  of the material to be polished after polishing tends
to be  deteriorated. 10 [0108] The thickness fluctuation of the polyurethane foamed layer  is preferably
100 pm or less, and more preferably 60 pm or less.  When the thickness fluctuation is more than 100 pm,
the layered  sheet has large waviness. As a result, the surface smoothness 15 of the material to be
polished after polishing tends to be  deteriorated. [0109] Since the layered sheet obtained by the
production process  of the second aspect of the invention has a holding surface having  20 extremely high
surface accuracy, the layered sheet can be used without separately buffing the holding surface using a
polishing  material. However, the layered sheet may be buffed if needed.  [0110] Since the layered sheet
having the skin layer formed on  25 each of the polyurethane foamed layers of the first to third  aspects of
the invention has a holding surface having high surface  accuracy, andthe skin layer itself has
adhesiveness, the layered  sheet can sufficiently hold the material to be polished. However,  an adhesive
layer may be separately provided. 30 [0111] 
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containing compound to thereby cure the reaction product.  In 

the prepolymer method, an isocyanate-terminated prepolymer 

serves as an isocyanate group containing compound and a chain 

extender serves as an active hydrogen group containing compound.  

In the one shot method, an isocyanate component serves as an 5 

isocyanate group containing compound, and a chain extender and 

a polyol component combined serves as an active hydrogen 

containing compound. 

[0117] 

 The polyurethane foam can be produced by a mechanical 10 

foaming method and a chemical foaming method or the like.  A 

method for adding hollow beads may be used at the same time if 

need. 

[0118] 

       Particularly, a mechanical foaming method using a 15 

silicone-based surfactant which is a copolymer of 

polyalkylsiloxane and polyether is preferable.  As such the 

silicone-based surfactant, SH-192, SH-193 and L-5340 

(manufactured by Toray Dow Corning Silicone Co., Ltd.) etc. are 

exemplified as a suitable compound. 20 

[0119] 

       Various additives may be mixed; such as a stabilizer 

including an antioxidant, a lubricant, a pigment, a filler, an 

antistatic agent and others. 

[0120] 25 

       Description will be given of an example of a method of 

producing a polyurethane foamed layer having oval cells according 

to the fourth aspect of the invention below.  A method of 

manufacturing such a polyurethane foamed layer has the following 

steps. 30 

38 F-P07321TR(SG)  Although the layered sheet having no skin layer formed on the polyurethane
foamed layer of each of the first to third  aspects of the invention has a holding surface having high
surface  accuracy, and can moisten the holding surface with water or the 5 like to sufficiently hold the
material to be polished. However,  an adhesive layer may be separately provided. [0112] A double-side
tape for sticking the layered sheet to a  polishing head may be provided on the surface of the base
material  10 sheet of the layered sheet. The double-side tape has a general constitution in which an
adhesive layers are provided on both  the surfaces of a base material such as a nonwoven fabric and  a
film. Examples of compositions of the adhesive layers include  a rubber adhesive and acrylic adhesive. 15
[0113] The process for producing a layered sheet according to  the fourth aspect of the invention will be
described below.  [0114] The polyurethane foam as the material for forming the  20 polyurethane foamed
layer can be produced by applying a melting  method, a solution method or a known polymerization
technique,  among which preferable is a melting method, consideration being  given to a cost, a working
environment and the like. [0115]  25 Manufacture of the polyurethane foam is enabled by means  of either
a prepolymer method or a one shot method. [0116] Manufacture of the polyurethane foam is to mix the
first  component containing an isocyanate group containing compound  
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[0121] 

       1) The foaming step of preparing the cell dispersed 

urethane composition and the mixing step of mixing the respective 

components 5 

       Case A.  The first component wherein a silicon-based 

surfactant is added to an isocyanate-terminated prepolymer 

produced by an isocyanate component with a high-molecular-weight 

polyol or the like is mechanically stirred in the presence of 

an unreactive gas, to disperse the unreactive gas as fine cells 10 

thereby forming a cell dispersion.  Then, the second component 

containing active hydrogen-containing compounds such as 

high-molecular-weight and low-molecular-weight polyols are 

added to, and mixed with, the cell dispersion to prepare a cell 

dispersed urethane composition.  If necessary, a catalyst and 15 

a filler such as carbon black may be added to the second component. 

       Case B.  A silicon-based surfactant is added to the first 

component containing an isocyanate component (or an 

isocyanate-terminated prepolymer) and/or the second component 

containing active hydrogen-containing compounds, and the 20 

component(s) to which the silicon-based surfactant is added is 

mechanically stirred in the presence of an unreactive gas, to 

disperse the unreactive gas as fine cells thereby forming a cell 

dispersion.  Then, the remaining component is added to, and mixed 

with, the cell dispersion to prepare a cell dispersed urethane 25 

composition. 

       Case C.  A silicon-based surfactant is added to at least 

either of the first component containing an isocyanate component 

(or an isocyanate-terminated prepolymer) or the second component 

containing active hydrogen-containing compounds, and the first 30 

30 and the second component containing an active hydrogen group  39 F-P07321TR(SG)  containing
compound to thereby cure the reaction product. In  the prepolymer method, an isocyanate-terminated
prepolymer  serves as an isocyanate group containing compound and a chain  extender serves as an
active hydrogen group containing compound. 5 In the one shot method, an isocyanate component serves
as an  isocyanate group containing compound, and a chain extender and  a polyol component combined
serves as an active hydrogen  containing compound. [0117]  10 The polyurethane foam can be produced
by a mechanical  foaming method and a chemical foaming method or the like. A  method for adding
hollow beads may be used at the same time if  need. [0118]  15 Particularly, a mechanical foaming
method using a  silicone-based surfactant which is a copolymer of  polyalkylsiloxane and polyether is
preferable. As such the  silicone-based surfactant, SH-192, SH-193 and L-5340  (manufactured by Toray
Dow Corning Silicone Co., Ltd.) etc. are 20 exemplified as a suitable compound.  [0119] Various additives
may be mixed; such as a stabilizer  including an antioxidant, a lubricant, a pigment, a filler, an  antistatic
agent and others. 25 [0120] Description will be given of an example of a method of  producing a
polyurethane foamed layer having oval cells according  to the fourth aspect of the invention below. A
method of  



F-P07321TR(SG) 

 42

and second components are mechanically stirred in the presence 

of an unreactive gas, to disperse the unreactive gas as fine 

cells thereby preparing a cell dispersed urethane composition. 

[0122] 

2) Casting Step 5 

 The above cell dispersed urethane composition is injected 

into a mold, and the mold is then clamped. 

[0123] 

3) Curing Step 

 While the cell dispersed urethane composition injected 10 

into the mold is heated to be reacted and cured, the state is 

held by compressing or decompressing the inside of the mold until 

the composition does not flow. 

[0124] 

       The unreactive gas used for forming fine bubbles is 15 

preferably not combustible, and is specifically nitrogen, oxygen, 

a carbon dioxide gas, a rare gas such as helium and argon, and 

a mixed gas thereof, and the air dried to remove water is most 

preferable in respect of cost. 

[0125] 20 

 As a stirring device for dispersing an unreactive gas in 

a fine-cell state, any known stirring deices can be used without 

particular limitation, and specific examples include a 

homogenizer, a dissolver, a twin-screw planetary mixer, a 

mechanical froth foaming machine etc.  The shape of a stirring 25 

blade of the stirring device is not particularly limited, and 

a whipper-type stirring blade is preferably used to form fine 

cells. 

[0126] 

 In a preferable mode, different stirring devices are used 30 

manufacturing such a polyurethane foamed layer has the following  30 steps. 40 F-P07321TR(SG)
[0121] 1) The foaming step of preparing the cell dispersed  urethane composition and the mixing step of
mixing the respective  5 components Case A. The first component wherein a silicon-based  surfactant is
added to an isocyanate-terminated prepolymer  produced by an isocyanate component with a
high-molecular-weight  polyol or the like is mechanically stirred in the presence of 10 an unreactive gas,
to disperse the unreactive gas as fine cells  thereby forming a cell dispersion. Then, the second
component  containing active hydrogen-containing compounds such as  high-molecular-weight and
low-molecular-weight polyols are  added to, and mixed with, the cell dispersion to prepare a cell 15
dispersed urethane composition. If necessary, a catalyst and  a filler such as carbon black may be added
to the second component.  Case B. A silicon-based surfactant is added to the first  component containing
an isocyanate component (or an isocyanate-terminated prepolymer) and/or the second component  20
containing active hydrogen-containing compounds, and the  component(s) to which the silicon-based
surfactant is added is  mechanically stirred in the presence of an unreactive gas, to  disperse the
unreactive gas as fine cells thereby forming a cell  dispersion. Then, the remaining component is added
to, andmixed 25 with, the cell dispersion to prepare a cell dispersed urethane  composition. Case C. A
silicon-based surfactant is added to at least  either of the first component containing an isocyanate
component  
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for preparing a cell dispersion in the foaming process and for 

stirring the first and the second components to mix them, 

respectively.  Stirring in the mixing step may not be stirring 

for forming cells, and a stirring device not generating large 

cells is preferably used in the mixing step.  Such a stirring 5 

device is preferably a planetary mixer.  The same stirring device 

may be used in the foaming step of preparing a cell dispersion 

and in the mixing step of mixing the respective components, and 

stirring conditions such as a revolution rate of the stirring 

blade are preferably regulated according to necessary. 10 

[0127] 

 As described above, it is necessary to perform a different 

operation from a conventional mechanical foaming method in the 

casting step and the curing step in order to produce the 

polyurethane foam containing oval cells.  In detail, the 15 

following operation is performed. 

[0128] 

1) Case 1 

 In the casting step, about 50 volume % of a cell dispersed 

urethane composition is injected into a mold of which one side 20 

or an opposite side is movable, and the upper surface of the 

mold is then covered with an upper lid to clamp the mold.  It 

is preferable that vent holes for discharging an excessive cell 

dispersed urethane composition when the mold is compressed are 

formed in the upper lid of the mold.  Thereafter, while the cell 25 

dispersed urethane composition is heated to be reacted and cured 

in the curing step, the side of the mold is moved to compress 

the mold, and the state is held until the composition does not 

flow.  The composition is preferably compressed to 50 to 95% 

of the original horizontal width, and more preferably 80 to 90%.  30 

(or an isocyanate-terminated prepolymer) or the second component 30 containing active
hydrogen-containing compounds, and the first  41 F-P07321TR(SG)  and second components are
mechanically stirred in the presence  of an unreactive gas, to disperse the unreactive gas as fine  cells
thereby preparing a cell dispersed urethane composition.  [0122] 5 2) Casting Step The above cell
dispersed urethane composition is injected  into a mold, and the mold is then clamped. [0123] 3) Curing
Step 10 While the cell dispersed urethane composition injected  into the mold is heated to be reacted and
cured, the state is  held by compressing or decompressing the inside of the mold until  the composition
does not flow. [0124]  15 The unreactive gas used for forming fine bubbles is  preferably not combustible,
and is specifically nitrogen, oxygen,  a carbon dioxide gas, a rare gas such as helium and argon, and  a
mixed gas thereof, and the air dried to remove water is most  preferable in respect of cost. 20 [0125] As a
stirring device for dispersing an unreactive gas in  a fine-cell state, any known stirring deices can be used
without  particular limitation, and specific examples include a  homogenizer, a dissolver, a twin-screw
planetary mixer, a 25 mechanical froth foaming machine etc. The shape of a stirring  blade of the stirring
device is not particularly limited, and  a whipper-type stirring blade is preferably used to form fine  
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The composition is preferably compressed so that the excessive 

cell dispersed urethane composition is sufficiently discharged 

from the vent holes.  In this case, the long axis of each of 

the oval cells is roughly perpendicular to the moving direction 

of the side surface of the mold. 5 

[0129] 

2) Case 2 

 In the casting step, about 50 volume % of a cell dispersed 

urethane composition is injected into a mold, and the upper 

surface of the mold is then covered with an upper lid to clamp 10 

the mold.  It is preferable that vent holes for discharging the 

excessive cell dispersed urethane composition when the mold is 

compressed are formed in at least one side surface of the mold.  

Thereafter, while the cell dispersed urethane composition is 

heated to be reacted and cured in the curing step, the upper 15 

lid and/or lower surface of the mold is moved to compress the 

mold, and the state is held until the composition does not flow.  

The composition is preferably compressed to 50 to 98% of the 

original height, and more preferably 85 to 95%.  The composition 

is preferably compressed so that the excessive cell dispersed 20 

urethane composition is sufficiently discharged from the vent 

holes.  In this case, the long axis of each of the oval cells 

is roughly perpendicular to the moving direction of the upper 

lid or lower surface of the mold. 

[0130] 25 

3) Case 3 

 In the casting step, a cell dispersed urethane composition 

is injected in an amount capable of forming a space into a mold, 

and the upper surface of the mold is then covered with an upper 

lid to clamp the mold.  Holes for decompressing the inside of 30 

cells. [0126]  30 In a preferable mode, different stirring devices are used  42 F-P07321TR(SG)  for
preparing a cell dispersion in the foaming process and for  stirring the first and the second components to
mix them,  respectively. Stirring in the mixing step may not be stirring  for forming cells, and a stirring
device not generating large 5 cells is preferably used in the mixing step. Such a stirring  device is
preferably a planetary mixer. The same stirring device  may be used in the foaming step of preparing a
cell dispersion  and in the mixing step of mixing the respective components, and  stirring conditions such
as a revolution rate of the stirring 10 blade are preferably regulated according to necessary.  [0127] As
described above, it is necessary to perform a different  operation from a conventional mechanical foaming
method in the  casting step and the curing step in order to produce the 15 polyurethane foam containing
oval cells. In detail, the  following operation is performed. [0128]  1) Case 1 In the casting step, about 50
volume % of a cell dispersed  20 urethane composition is injected into a mold of which one side  or an
opposite side is movable, and the upper surface of the  mold is then covered with an upper lid to clamp
the mold. It  is preferable that vent holes for discharging an excessive cell  dispersed urethane
composition when the mold is compressed are 25 formed in the upper lid of the mold. Thereafter, while
the cell  dispersed urethane composition is heated to be reacted and cured  
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the mold are formed in the upper lid.  Thereafter, while the 

cell dispersed urethane composition is heated to be reacted and 

cured in the curing step, the inside of the mold is decompressed, 

and the state is held until the mixed solution does not flow.  

The composition is preferably compressed to 90 to 30 kPa, and 5 

more preferably 90 to 70 kPa.  In this case, the long axis of 

each of the oval cells is roughly perpendicular to the height 

direction of the mold. 

[0131] 

       In the method of producing the polyurethane foam, heating 10 

and post-curing of the foam block obtained until the dispersion 

lost fluidity are effective in improving the physical properties 

of the foam, and are extremely preferable. 

[0132] 

       In the production of the polyurethane foam, a known 15 

catalyst promoting polyurethane reaction, such as tertiary 

amine-based catalysts, may be used.  The type and amount of the 

catalyst added are determined in consideration of flow time in 

casting in a predetermined mold after the mixing step. 

[0133] 20 

 Then, the obtained polyurethane foam block is sliced using 

a plane-type or band saw-type slicer to produce a polyurethane 

foamed layer.  In this case, the block is sliced so that the 

long axis of each of oval cells is parallel to the thickness 

direction of the foamed layer. 25 

[0134] 

 The polyurethane foamed layer obtained by the process has 

the oval cells of which the long axis has parallel to the thickness 

direction of the polyurethane foamed layer.  The ratio (L/S) 

of the average major axis L and average minor axis S of the oval 30 

in the curing step, the side of the mold is moved to compress  the mold, and the state is held until the
composition does not  flow. The composition is preferably compressed to 50 to 95% 30 of the original
horizontal width, and more preferably 80 to 90%.  43 F-P07321TR(SG)  The composition is preferably
compressed so that the excessive  cell dispersed urethane composition is sufficiently discharged  from
the vent holes. In this case, the long axis of each of  the oval cells is roughly perpendicular to the moving
direction  5 of the side surface of the mold. [0129]  2) Case 2 In the casting step, about 50 volume % of a
cell dispersed  urethane composition is injected into a mold, and the upper  10 surface of the mold is then
covered with an upper lid to clamp the mold. It is preferable that vent holes for discharging the  excessive
cell dispersed urethane composition when the mold is  compressed are formed in at least one side
surface of the mold.  Thereafter, while the cell dispersed urethane composition is 15 heated to be reacted
and cured in the curing step, the upper  lid and/or lower surface of the mold is moved to compress the
mold, and the state is held until the composition does not flow.  The composition is preferably
compressed to 50 to 98% of the  original height, and more preferably 85 to 95%. The composition 20 is
preferably compressed so that the excessive cell dispersed  urethane composition is sufficiently
discharged from the vent  holes. In this case, the long axis of each of the oval cells  is roughly
perpendicular to the moving direction of the upper  lid or lower surface of the mold. 25 [0130]  
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cells in the section of the foamed layer is 1.5 to 3, and preferably 

1.5 to 2.  When L/S is less than 1.5, the modulus of elasticity 

of the foamed layer cannot be enhanced, and thereby modification 

of the foamed layer cannot be effectively suppressed.  As a result, 

the surface accuracy of the holding surface holding the material 5 

to be polished is deteriorated.  When the material to be polished 

is held using the layered sheet, the surface smoothness of the 

material to be polished after polishing is reduced.  In addition, 

since the durability of the layered sheet is also reduced, the 

polishing rate stability in polishing is reduced when the 10 

material to be polished is held using the layered sheet.  On 

the other hand, when L/S exceeds 3, the foamed layer easily absorbs 

slurry and thereby the foamed layer swells to deteriorate the 

polishing rate stability. 

[0135] 15 

 The average major axis of each of the oval cells is 

preferably 50 to 150 µm, and the average minor axis thereof is 

preferably 10 to 100 µm.  When the axes deviate from this range, 

the polishing rate stability tends to be deteriorated. 

[0136] 20 

 The cells in the polyurethane foamed layer may contain 

spherical cells.  However, the numerical rate of the oval cells 

is preferably 30% or more of all the cells in order to sufficiently 

express effect as an object, and more preferably 40% or more.  

The numerical rate of the oval cells can be regulated to be the 25 

range of the object by regulating the compression of the mold 

or the degree of decompression of the inside of the mold. 

[0137] 

 The thickness of the polyurethane foamed layer is not 

particularly limited.  However, the thickness is preferably 0.2 30 

3) Case 3 In the casting step, a cell dispersed urethane composition  is injected in an amount capable of
forming a space into a mold,  and the upper surface of the mold is then covered with an upper 30 lid to
clamp the mold. Holes for decompressing the inside of  44 F-P07321TR(SG)  the mold are formed in the
upper lid. Thereafter, while the  cell dispersed urethane composition is heated to be reacted and  cured in
the curing step, the inside of the mold is decompressed,  and the state is held until the mixed solution
does not flow. 5 The composition is preferably compressed to 90 to 30 kPa, and  more preferably 90 to 70
kPa. In this case, the long axis of  each of the oval cells is roughly perpendicular to the height  direction of
the mold. [0131]  10 In the method of producing the polyurethane foam, heating  and post-curing of the
foam block obtained until the dispersion  lost fluidity are effective in improving the physical properties  of
the foam, and are extremely preferable. [0132]  15 In the production of the polyurethane foam, a known
catalyst promoting polyurethane reaction, such as tertiary  amine-based catalysts, may be used. The type
and amount of the  catalyst added are determined in consideration of flow time in  casting in a
predetermined mold after the mixing step. 20 [0133] Then, the obtained polyurethane foamblock is sliced
using  a plane-type or band saw-type slicer to produce a polyurethane  foamed layer. In this case, the
block is sliced so that the  long axis of each of oval cells is parallel to the thickness  
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to 1.2 mm, and more preferably 0.6 to 1 mm. 

[0138] 

 The specific gravity of the polyurethane foamed layer is 

preferably 0.2 to 0.5, and more preferably 0.25 to 0.4.  The 

specific gravity of less than 0.2 tends to cause excessively 5 

high cell rate to deteriorate the durability of the polyurethane 

foamed layer.  On the other hand, the specific gravity of more 

than 0.5 necessitates the low crosslinking density of a material 

in order to apply a certain fixed modulus of elasticity to the 

material.  In this case, permanent distortion tends to be 10 

increased to deteriorate the durability of the polyurethane 

foamed layer. 

[0139] 

 The hardness of the polyurethane foamed layer is preferably 

10 to 50 degrees by Asker C hardness, and more preferably 15 15 

to 35 degrees.  The Asker C hardness of less than 10 degrees 

tends to reduce the durability of the polyurethane foamed layer 

and deteriorate the surface smoothness of the material to be 

polished after polishing.  On the other hand, the Asker C hardness 

of more than 50 degrees tends to deteriorate the holdability 20 

of the material to be polished. 

[0140] 

 The compression rate of the polyurethane foamed layer is 

preferably 2 to 10%, and more preferably 4 to 8%.  The compression 

rate of less than 2% tends to deteriorate the holdability of 25 

the material to be polished.  The compression rate of more than 

10% tends to deteriorate the durability of the polyurethane 

foamed layer and the surface smoothness of the material to be 

polished after polishing. 

[0141] 30 

25 direction of the foamed layer. [0134] The polyurethane foamed layer obtained by the process has  the
oval cells of which the long axis has parallel to the thickness  direction of the polyurethane foamed layer.
The ratio (L/S) 30 of the average major axis L and average minor axis S of the oval  45 F-P07321TR(SG)
cells in the section of the foamed layer is 1 . 5 to 3, and preferably  1.5 to 2. When L/S is less than 1.5,
the modulus of elasticity  of the foamed layer cannot be enhanced, and thereby modification  ofthefnamed
layer cannot beeffectivelysuppressed. As a result, 5 the surf ace accuracy of the holding surf ace holding
the material  to be polished is deteriorated. When the material to be polished  is held using the layered
sheet, the surface smoothness of the  material to be polished after polishing is reduced. In addition,  since
the durability of the layered sheet is also reduced, the 10 polishing rate stability in polishing is reduced
when the  material to be polished is held using the layered sheet. On  the other hand, when L/S exceeds
3, the foamed layer easily absorbs  slurry and thereby the foamed layer swells to deteriorate the
polishing rate stability. 15 [0135] The average major axis of each of the oval cells is  preferably 50 to 150
pm, and the average minor axis thereof is  preferably 10 to 100 pm. When the axes deviate from this
range,  the polishing rate stability tends to be deteriorated. 20 [0136] The cells in the polyurethane
foamed layer may contain  spherical cells. However, the numerical rate of the oval cells  is preferably 30%
or more of all the cells in order to sufficiently  
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 The thickness fluctuation of the polyurethane foamed layer 

is preferably 100 µm or less, and more preferably 60 µm or less.  

When the thickness fluctuation is more than 100 µm, the layered 

sheet has large waviness.  As a result, the surface smoothness 

of the material to be polished after polishing tends to be 5 

deteriorated.  Examples of methods for suppressing the 

thickness fluctuation of the foamed layer include a method for 

buffing the surface of the foamed layer sliced at a predetermined 

thickness.  It is preferable that the surface of the foamed layer 

is gradually buffed by using the material to be polished having 10 

different particle sizes or the like when the surface is buffed. 

[0142] 

 The forming material of the base material sheet is not 

particularly limited.  Examples thereof include polyethylene 

terephthalate, polyester, polyethylene, polypropylene, 15 

polystyrene, polyimide, polyvinyl alcohol, polyvinyl chloride, 

a fluorine-containing resin such as polyfluoroethylene, nylon, 

and cellulose. 

[0143] 

 The thickness of the base material sheet is not 20 

particularly limited.  However, the thickness is preferably 

about 0.05 to 0.3 mm in terms of the strength and flexibility 

thereof. 

[0144] 

 The layered sheet of the fourth aspect of the invention 25 

can be produced by sticking the base material sheet and the 

polyurethane foamed layer together. 

[0145] 

 Examples of means for sticking the base material sheet 

and the polyurethane foamed layer together include a method for 30 

express effect as an object, and more preferably 40% or more. 25 The numerical rate of the oval cells can
be regulated to be the  range of the object by regulating the compression of the mold  or the degree of
decompression of the inside of the mold.  [0137] The thickness of the polyurethane foamed layer is not
30 particularly limited. However, the thickness is preferably 0.2  46 F-P07321TR(SG)  to 1.2 mm, and
more preferably 0.6 to 1 mm. [0138] The specific gravity of the polyurethane foamed layer is  preferably
0.2 to 0.5, and more preferably 0.25 to 0.4. The  5 specific gravity of less than 0.2 tends to cause
excessively high cell rate to deteriorate the durability of the polyurethane  foamed layer. On the other
hand, the specific gravity of more  than 0. 5 necessitates the low crosslinking density of a material  in
order to apply a certain fixed modulus of elasticity to the 10 material. In this case, permanent distortion
tends to be  increased to deteriorate the durability of the polyurethane  foamed layer. [0139] The
hardness of the polyurethane foamed layer is preferably  15 10 to 50 degrees by Asker C hardness, and
more preferably 15  to 35 degrees. The Asker C hardness of less than 10 degrees  tends to reduce the
durability of the polyurethane foamed layer  and deteriorate the surface smoothness of the material to be
polished after polishing. Ontheotherhand, theAskerChardness 20 of more than 50 degrees tends to
deteriorate the holdability  of the material to be polished. [0140] 
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sticking the base material sheet and the polyurethane foamed 

layer together using an adhesive, and a method for pressing the 

base material sheet and the polyurethane foamed layer so as to 

sandwich a double-side tape between the base material sheet and 

the polyurethane foamed layer.  The double-side tape has a 5 

general constitution in which an adhesive layer is provided on 

both the surfaces of a base material such as a nonwoven fabric 

and a film.  Examples of compositions of the adhesive layer 

include a rubber adhesive and an acrylic adhesive. 

[0146] 10 

 A double-side tape for sticking the layered sheet to a 

polishing head may be provided on the surface of the base material 

sheet of the layered sheet. 

 

EXAMPLES 15 

[0147] 

       Description will be given of the invention with examples, 

while the invention is not limited to description in the examples. 

[0148] 

[Measurement and Evaluation Method] 20 

(Measurement of Average Cell Diameter) 

 The prepared polyurethane foamed layer was sliced with 

a microtome cutter into measurement samples each with the 

thinnest possible thickness of 1 mm or less.  A surface of a 

sample was photographed with a scanning electron microscope 25 

(manufactured by Hitachi Science System Co. with a model number 

of S-3500N) at a magnification of x 100.  An effective circular 

diameter of each of all cells in an arbitrary area was measured 

with an image analyzing soft (manufactured by MITANI Corp. with 

a trade name WIN-ROOF) and an average cell diameter was calculated 30 

The compression rate of the polyurethane foamed layer is  preferably 2 to 10%, andmore preferably 4 to
8%. The compression  25 rate of less than 2% tends to deteriorate the holdability of the material to be
polished. The compression rate of more than  10% tends to deteriorate the durability of the polyurethane
foamed layer and the surface smoothness of the material to be  polished after polishing. 30 [0141] 47
F-P07321TR(SG)  The thickness fluctuation of the polyurethane foamed layer is preferably 100 pm or
less, and more preferably 60 pm or less.  When the thickness fluctuation is more than 100 pm, the
layered  sheet has large waviness. As a result, the surface smoothness 5 of the material to be polished
after polishing tends to be  deteriorated. Examples of methods for suppressing the  thickness fluctuation
of the foamed layer include a method for  buffing the surface of the foamed layer sliced at a
predetermined  thickness. It is preferable that the surface of the foamed layer 10 is gradually buffed by
using the material to be polished having  different particle sizes or the like when the surface is buffed.
[0142] The forming material of the base material sheet is not  particularly limited. Examples thereof
include polyethylene  15 terephthalate, polyester, polyethylene, polypropylene, polystyrene, polyimide,
polyvinyl alcohol, polyvinyl chloride,  a f luorine-containing resin such as polyfluoroethylene, nylon,  and
cellulose. [0143]  20 The thickness of the base material sheet is not  particularly limited. However, the
thickness is preferably  
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from the measured values. 

[0149] 

(Measurement of average cell diameter difference) 

 A section of the produced polyurethane foamed layer was 

observed at a magnification of x 65 times with SEM.  Three 5 

straight lines which equally divide the polyurethane foamed layer 

into four in the thickness direction were drawn on the obtained 

image.  The average value of the line segment lengths of straight 

lines crossing cells in arbitrary distance of 2 mm of the straight 

lines was calculated, and this was defined as an average cell 10 

diameter.  For three straight lines, the average cell diameters 

were respectively calculated, and the average cell diameter 

difference (maximum value - minimum value) in the thickness 

direction was calculated from the maximum value and minimum value 

of the obtained average cell diameter. 15 

[0150] 

(Measurement of interconnected cell rate) 

 An interconnected cell rate was measured according to an 

ASTM-2856-94-C method.  However, a measurement sample was 

prepared by laminating ten polyurethane foamed layers circularly 20 

blanked.  An air comparison hydrometer 930 type (manufactured 

by Beckman Corporation) was used as a measuring device.  The 

interconnected cell rate was calculated by the following 

equation. 

Interconnected cell rate (%)=[(V-V1)/V] x 100 25 

V: Appearance capacity calculated from sample size (cm3) 

V1: Capacity of sample measured using air comparison hydrometer 

(cm3) 

[0151] 

(Measurement of Average cell diameter of interconnected cells 30 

about 0.05 to 0.3 mm in terms of the strength and flexibility  thereof. [0144]  25 The layered sheet of the
fourth aspect of the invention  can be produced by sticking the base material sheet and the  polyurethane
foamed layer together. [0145] Examples of means for sticking the base material sheet  30 and the
polyurethane foamed layer together include a method for  48 F-P07321TR(SG)  sticking the base material
sheet and the polyurethane foamed  layer together using an adhesive, and a method for pressing the
base material sheet and the polyurethane foamed layer so as to  sandwich a double-side tape between
the base material sheet and 5 the polyurethane foamed layer. The double-side tape has a  general
constitution in which an adhesive layer is provided on  both the surfaces of a base material such as a
nonwoven fabric  and a film. Examples of compositions of the adhesive layer  include a rubber adhesive
and an acrylic adhesive. 10 [0146] A double-side tape for sticking the layered sheet to a  polishing head
may be provided on the surface of the base material  sheet of the layered sheet. 15 EXAMPLES  [0147]
Description will be given of the invention with examples, while the invention is not limited to description in
the examples.  [0148] 20 [Measurement and Evaluation Method]  (Measurement of Average Cell
Diameter) 
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and average diameter of circular holes) 

 The produced polyurethane foamed layer was parallelly 

sliced with a razor blade into samples each with the thinnest 

possible thickness of 1 mm or less.  A sample was fixed on a 

slide glass and observed with SEM (manufactured by Hitachi 5 

Science Systems Co. with a model number of S-3500N) at a 

magnification of x 100.  A cell diameter of each of the 

interconnected cells in an arbitrary area of the obtained image 

was measured with an image analyzing soft (manufactured by MITANI 

Corp. with a trade name WIN-ROOF), and an average cell diameter 10 

was calculated from the measured values.  A circular hole 

diameter of each of the interconnected cells in the arbitrary 

area was measured, and the average diameter was calculated from 

the measured values. 

[0152] 15 

(Measurement of Average major axis and average minor axis of 

oval cells, and rate of oval cells) 

 The produced polyurethane foam sheet was sliced in the 

thickness direction with a microtome cutter into measurement 

samples.  The section of each of the measurement samples was 20 

photographed with a scanning electron microscope (manufactured 

by Hitachi Science Systems Co. with a model number of S-3500N) 

at a magnification of x 100.  The major axis and minor axis of 

each of oval cells in an arbitrary area were measured with an 

image analyzing soft (manufactured by MITANI Corp. with a trade 25 

name WIN-ROOF), and the average major axis L, average minor axis 

S and L/S were calculated from the measured values.  The numerical 

rate (%) of the oval cells to all the cells was calculated. 

[0153] 

(Measurement of nitrogen gas permeation rate) 30 

The prepared polyurethane foamed layer was sliced with  a microtome cutter into measurement samples
each with the  thinnest possible thickness of 1 mm or less. A surface of a 25 sample was photographed
with a scanning electron microscope  (manufactured by Hitachi Science System Co. with a model number
of S-3500N) at a magnification of x 100. An effective circular  diameter of each of all cells in an arbitrary
area was measured  with an image analyzing soft (manufactured by MITANI Corp. with 30 a trade name
WIN-ROOF) and an average cell diameter was calculated  49 F-P07321TR(SG)  from the measured
values. [0149]  (Measurement of average cell diameter difference) A section of the produced
polyurethane foamed layer was  5 observed at a magnification of x 65 times with SEM. Three  straight
lines which equally divide the polyurethane foamed layer  into four in the thickness direction were drawn
on the obtained  image. The average value of the line segment lengths of straight  lines crossing cells in
arbitrary distance of 2 mmof the straight 10 lines was calculated, and this was defined as an average cell
diameter. For three straight lines, the average cell diameters  were respectively calculated, and the
average cell diameter  difference (maximum value - minimum value) in the thickness  direction was
calculated from the maximum value and minimum value  15 of the obtained average cell diameter. [0150]
(Measurement of interconnected cell rate) An interconnected cell rate was measured according to an
ASTM-2856-94-C method. However, a measurement sample was  20 preparedby laminatingten
polyurethane f named layers circularly 
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 The nitrogen gas permeation rates [cm3/cm2·s·cmHg] of a 

base material sheet and release sheet were measured according 

to ASTM-D-1434.  Specifically, the nitrogen gas permeation 

rates were measured by the following method.  The base material 

sheet and the release sheet were cut out into samples with a 5 

size of 12 cmφ.  The sample was sandwiched by two plates having 

a gas penetration area of 10 cmφ, and a pressure difference 

was generated between both the surfaces of the sample.  The 

nitrogen gas permeation rate was calculated from the slope of 

change to time of nitrogen gas penetration volume at 25°C.  10 

However, when the sample was resin, the pressure difference was 

set to 0.5 MPa.  When the sample was paper, the pressure 

difference was set to 0.3 MPa. 

[0154] 

(Measurement of specific gravity) 15 

 Determined according to JIS Z8807-1976.  The prepared 

polyurethane foamed layer cut out in the form of a strip of 4 

cm×8.5 cm (thickness: arbitrary) was used as a sample for 

measurement of specific gravity and left for 16 hours in an 

environment of a temperature of 23±2°C and a humidity of 50%±5%.  20 

Measurement was conducted by using a specific gravity hydrometer 

(manufactured by Sartorius Co.,Ltd). 

[0155] 

(Measurement of hardness) 

 A hardness was measured in accordance with JIS K-7312.  25 

The prepared polyurethane foamed layer was cut into samples with 

a size of 5 cm×5 cm (with arbitrary thickness), and the samples 

were left for 16 hours in an environment at a temperature of 

23°C±2°C and humidity of 50%±5%.  When measured, the samples were 

piled up to a thickness of 10 mm or more.  A hardness meter (Asker 30 

blanked. An air comparison hydrometer 930 type (manufactured  by Beckman Corporation) was used as
a measuring device. The  interconnected cell rate was calculated by the following  equation. 25
Interconnected cell rate (%)=[(V-V1)/V] x 100 V: Appearance capacity calculated from sample size (cm3)
V1: Capacity of sample measured using air comparison hydrometer  (cm3 ) [0151]  30 (Measurement of
Average cell diameter of interconnected cells  50 F-P07321TR(SG)  and average diameter of circular
holes) The produced polyurethane foamed layer was parallelly  sliced with a razor blade into samples
each with the thinnest  possible thickness of 1 mm or less. A sample was fixed on a 5 slide glass and
observed with SEM (manufactured by Hitachi  Science Systems Co. with a model number of S-3500N) at
a  magnification of x 100. A cell diameter of each of the  interconnected cells in an arbitrary area of the
obtained image  was measured with an image analyzing soft (manufacturedbyMITANI 10 Corp. with a
trade name WIN-ROOF) , and an average cell diameter  was calculated from the measured values. A
circular hole  diameter of each of the interconnected cells in the arbitrary  area was measured, and the
average diameter was calculated from  the measured values. 15 [0152] (Measurement of Average major
axis and average minor axis of  oval cells, and rate of oval cells) The produced polyurethane foam sheet
was sliced in the  thickness direction with a microtome cutter into measurement  
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C hardness meter, pressurized surface height 3 mm, manufactured 

by Kobunshi Keiki Co., Ltd.) was contacted with a pressurized 

surface, and 30 seconds later, the hardness was measured. 

[0156] 

(Measurement of compression rate) 5 

 A polyurethane foamed layer was cut out in a circle (with 

arbitrary thickness) having a diameter of 7 mm into samples, 

and the samples were left for 40 hours in an environment at a 

temperature of 23°C±2°C and humidity of 50%±5%.  When measured, 

a compression rate was measured with a thermometric analysis 10 

measuring device TMA (manufactured by Seiko Instruments Inc. 

with a model number of SS6000).  The calculating equation of 

the compression rate is as follows. 

Compression rate (%)={(T1-T2) /T1} x 100 

T1: the thickness of a polyurethane foamed layer when applying 15 

a stress of 4.9 KPa (50 g/cm2) to the polyurethane foamed layer 

from an unloaded condition for 60 seconds 

T2: the thickness of a polyurethane foamed layer when applying 

a stress of 29.4 KPa (300 g/cm2) from a state of T1 for 60 seconds 

[0157] 20 

(Evaluation of polishing rate stability) 

 As a polishing device, SPP600S (manufactured by Okamoto 

Machine Tool Works, Ltd.) was used.  A glass plate was stuck 

to the produced layered sheet to evaluate the polishing rate 

stability.  The polishing conditions are as follows: 25 

Glass plate: 6 inchesφ, thickness: 1.1 mm (optical glass, BK7) 

Slurry: Ceria slurry (CeO2, 5 wt%) 

Slurry amount: 250 ml/min 

Polishing pad: MH C 14B (manufactured by Nitta Haas Incorporated) 

Polishing pressure: 20 kPa 30 

20 samples. The section of each of the measurement samples was photographed with a scanning
electron microscope (manufactured  by Hitachi Science Systems Co. with a model number of S-3500N)
at a magnification of x 100. The major axis and minor axis of  each of oval cells in an arbitrary area were
measured with an 25 image analyzing soft (manufactured by MITANI Corp. with a trade  name
WIN-ROOF) , and the average major axis L, average minor axis
SandL/Swerecalculatedfromthemeasuredvalues. Thenumerical  rate (%) of the oval cells to all the cells
was calculated.  [0153] 30 (Measurement of nitrogen gas permeation rate)  51 F-P07321TR(SG)  The
nitrogen gas permeation rates [cm3/cm2scmHg] of a base material sheet and release sheet were
measured according  to ASTM-D-1434. Specifically, the nitrogen gas permeation  rates were measured
by the following method. The base material 5 sheet and the release sheet were cut out into samples with
a  size of 12 cm(~ . The sample was sandwiched by two plates having  a gas penetration area of 10 cm(~,
and a pressure difference  was generated between both the surfaces of the sample. The  nitrogen gas
permeation rate was calculated from the slope of 10 change to time of nitrogen gas penetration volume at
25C.  However, when the sample was resin, the pressure difference was  set to 0.5 MPa. When the
sample was paper, the pressure  difference was set to 0.3 MPa. [0154]  15 (Measurement of specific
gravity) Determined according to JIS 28807-1976. The prepared  polyurethane foamed layer cut out in the
form of a strip of 4  cmX8.5 cm (thickness: arbitrary) was used as a sample for  
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Number of revolutions of polishing platen: 45 rpm 

Number of revolutions of glass plate: 40 rpm 

Polishing time: 10 min/plate 

Number of glass plates polished: 500 

 First, the average polishing rate (Å/min) for each of 5 

polished glass plates is calculated.  The calculation method 

is as follows: 

Average polishing rate = [amount of weight change [g] of glass 

plate before and after polishing/(glass plate density [g/cm3] 

x polishing area [cm2] of glass plate x polishing time [min])] 10 

x 108 

 A polishing rate stability (%) is calculated by determining 

the maximum average polishing rate, minimum average polishing 

rate and average polishing rate of from a first glass plate to 

a final treated glass plate (100 plates, 300 plates or 500 plates) 15 

and then substituting the above values in the following equation.  

A lower value of the polishing rate stability (%) is indicative 

of less change in polishing rate even when a large number of 

glass plates are polished.  In the present invention, it is 

preferable that the polishing rate stability after treatment 20 

of 500 plates is within 10%. 

Polishing rate stability (%)={(maximum average polishing rate 

- minimum average polishing rate)/average polishing rate of all 

glass plates]} x 100 

[0158] 25 

(Evaluation of adsorptive property) 

 A glass plate (50 mmφ x 10 mm thickness) having a smooth 

surface was adsorbed on a layered sheet (square 80 mm) stuck 

to a support plate at a pressure of 150 g/cm2 for 10 seconds 

with the glass plate hanged to a load sensor via an adjustable 30 

measurement of specific gravity and left for 16 hours in an 20 environment of a temperature of 232C and
a humidity of 50%5%.  Measurement was conducted by using a specific gravity hydrometer
(manufactured by Sartorius Co.,Ltd). [0155]  (Measurement of hardness) 25 A hardness was measured in
accordance with JIS K-7312.  The prepared polyurethane foamed layer was cut into samples with  a size
of 5 cmX5 cm (with arbitrary thickness), and the samples  were left for 16 hours in an environment at a
temperature of  23C2C andhumidity of 50%5%. When measured, the samples were 30 piled up to a
thickness of 10 mm or more. A hardness meter (Asker  52 F-P07321TR(SG)  C hardness meter,
pressurized surface height 3 mm, manufactured  by Kobunshi Keiki Co., Ltd.) was contacted with a
pressurized  surface, and 30 seconds later, the hardness was measured.  [0156] 5 (Measurement of
compression rate) A polyurethane foamed layer was cut out in a circle (with  arbitrary thickness) having a
diameter of 7 mm into samples,  and the samples were left for 40 hours in an environment at a
temperature of 23C2C and humidity of 50%5%. When measured, 10 a compression rate was measured
with a thermometric analysis  measuring device TMA (manufactured by Seiko Instruments Inc.  with a
model number of SS6000). The calculating equation of  the compression rate is as follows. Compression
rate (%)={(T1-T2) /T1} x 100 15 T1: the thickness of a polyurethane foamed layer when applying  a stress
of 4.9 KPa (50 g/cm2) to the polyurethane foamed layer  from an unloaded condition for 60 seconds 
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joint.  The glass plate was then pulled up at a constant speed 

(pulling speed 200 mm/min), and a releasing strength (kPa) when 

the glass plate was released from the layered sheet was measured. 

[0159] 

(Evaluation of surface accuracy) 5 

 The surface accuracy (10-point average roughness: Rz) of 

the produced polyurethane foamed layer was measured on the 

following conditions with a surface roughness measuring device 

P-15 manufactured by KLA-Tencor. 

Measurement length: 800 µm 10 

Measurement speed: 20 µm/s 

Measurement load: 2 mg 

[0160] 

[First aspect of the invention] 

Example 1 15 

 90 parts by weight of EP330N (made by Mitsui Takeda Chemical 

Corporation), 10 parts by weight of diethylene glycol, 5 parts 

by weight of a silicon-based surfactant (SH-192, made by Toray 

Dow Corning Silicone Co., Ltd.), 0.2 part by weight of a catalyst 

(No.25, made by Kao Corporation) were introduced into a container 20 

and mixed.  Then, the mixture was stirred vigorously for about 

4 minutes at a revolution number of 900 rpm by a stirring blade 

so as to incorporate bubbles into the reaction system.  

Thereafter, 38.5 parts by weight of Millionate MTL (made by Nippon 

Polyurethane Industry Co., Ltd.) were added thereto and stirred 25 

for about 1 minute to prepare a cell dispersed urethane 

composition. 

[0161] 

 The prepared cell dispersed urethane composition was 

applied onto a base material sheet (polyethylene terephthalate, 30 

T2: the thickness of a polyurethane foamed layer when applying  a stress of 29.4 KPa (300 g/cm2) from a
state of T1 for 60 seconds  20 [0157] (Evaluation of polishing rate stability) As a polishing device,
SPP600S (manufactured by Okamoto  Machine Tool Works, Ltd.) was used. A glass plate was stuck  to
the produced layered sheet to evaluate the polishing rate  25 stability. The polishing conditions are as
follows: Glass plate: 6 inches , thickness: 1.1 mm (optical glass, BK7)  Slurry: Ceria slurry (CeO2, 5 wt%)
Slurry amount: 250 ml/min Polishing pad: MHC 14B (manufacturedbyNittaHaas Incorporated)  30
Polishing pressure: 20 kPa 53 F-P07321TR(SG)  Number of revolutions of polishing platen: 45 rpm
Number of revolutions of glass plate: 40 rpm  Polishing time: 10 min/plate Number of glass plates
polished: 500 5 First, the average polishing rate (A/min) for each of  polished glass plates is calculated.
The calculation method  is as follows: Average polishing rate = [amount of weight change [g] of glass
plate before and after polishing/ (glass plate density [g/cm3]  10 x polishing area [cm'] of glass plate x
polishing time [min])]  x 108 Apolishingrate stability (%) is calculated by determining  the maximum
average polishing rate, minimum average polishing  rate and average polishing rate of from a first glass
plate to 15 a final treated glass plate (100 plates, 300 plates or 500 plates)  and then substituting the
above values in the following equation.  
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thickness 0.2 mm) to form a cell dispersed urethane layer.  The 

cell dispersed urethane layer was covered with a release sheet 

(polyethylene terephthalate, thickness 0.2 mm) subjected to 

release treatment.  The cell dispersed urethane layer was 

regulated to be 1.0 mm in thickness with a nip roll and then 5 

cured at 70°C for 40 minutes to form a polyurethane foamed layer.  

Thereafter, the release sheet formed on the polyurethane foamed 

layer was released.  Then, the surface of the polyurethane foamed 

layer was buffed to a thickness of 0.8 mm by a buffing machine 

(manufactured by Amitec) to give a form having regulated 10 

thickness accuracy.  Thereafter, a template was stuck to the 

buffing surface of the polyurethane foamed layer, and a 

double-side tape (double tack tape, manufactured by Sekisui 

Chemical Co., Ltd.) was further stuck by a laminator to the surface 

of the base material sheet to produce a layered sheet.  Fig. 15 

1 shows a photomicrograph of a cross section of the polyurethane 

foamed layer.  It can be seen that spherical cells are formed 

in the polyurethane foamed layer. 

[0162] 

Example 2 20 

 The cell dispersed urethane composition prepared in 

Example 1 was applied onto a base material sheet (polyethylene 

terephthalate, thickness 0.2 mm) to form a cell dispersed 

urethane layer.  Thereafter, the cell dispersed urethane layer 

was cured at 70°C for 40 minutes to form a polyurethane foamed 25 

layer.  Then, the surface of the polyurethane foamed layer was 

buffed to a thickness of 0.8 mm by a buffing machine (manufactured 

by Amitec) to give a foam having regulated thickness accuracy.  

Thereafter, a template was stuck to a buffing surface of the 

polyurethane foamed layer, and a double-side tape (double tack 30 

A lower value of the polishing rate stability (%) is indicative  of less change in polishing rate even when a
large number of  glass plates are polished. In the present invention, it is 20 preferable that the polishing
rate stability after treatment  of 500 plates is within 10%. Polishing rate stability (%)={(maximum average
polishing rate  - minimum average polishing rate) /average polishing rate of all  glass plates]} x 100 25
[0158] (Evaluation of adsorptive property) A glass plate (50 mm(~ x 10 mm thickness) having a smooth
surface was adsorbed on a layered sheet (square 80 mm) stuck  to a support plate at a pressure of 150
g/cm2 for 10 seconds 30 with the glass plate hanged to a load sensor via an adjustable  54
F-P07321TR(SG)  joint. The glass plate was then pulled up at a constant speed  (pulling speed 200
mm/min) , and a releasing strength (kPa) when  the glass plate was released from the layered sheet was
measured.  [0159] 5 (Evaluation of surface accuracy) The surface accuracy (10-point average roughness:
Rz) of  the produced polyurethane foamed layer was measured on the  following conditions with a surface
roughness measuring device  P-15 manufactured by KLA-Tencor. 10 Measurement length: 800 pm
Measurement speed: 20 pm/s  Measurement load: 2 mg  [0160] [First aspect of the invention]  15
Example 1 
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tape, manufactured by Sekisui Chemical Co., Ltd) was further 

stuck by a laminator to the surface of the base material sheet 

to produce a layered sheet.  Fig. 2 shows a photomicrograph of 

a cross section of the polyurethane foamed layer.  It can be 

seen that spherical cells are formed in the polyurethane foamed 5 

layer. 

[0163] 

Example 3 

 The cell dispersed urethane composition prepared in 

Example 1 was applied onto a base material sheet (polyethylene 10 

terephthalate, thickness 0.2 mm) to form a cell dispersed 

urethane layer.  The cell dispersed urethane layer was covered 

with a release sheet (polyethylene terephthalate, thickness 0.2 

mm) subjected to release treatment.  The cell dispersed urethane 

layer was regulated to be 0.8 mm in thickness with a nip roll, 15 

and then cured at 70°C for 40 minutes to form a polyurethane 

foamed layer.  Thereafter, the release sheet formed on the 

polyurethane foamed layer was released.  A skin layer was formed 

on the polyurethane foamed layer.  Thereafter, a template was 

stuck to the skin layer, and a double-side tape (double tack 20 

tape, manufactured by Sekisui Chemical Co., Ltd.) was further 

stuck by a laminator to the surface of the base material sheet 

to produce a layered sheet.  Fig. 3 shows a photomicrograph of 

a cross section of the polyurethane foamed layer.  It can be 

seen that spherical cells are formed in the polyurethane foamed 25 

layer. 

[0164] 

Comparative Example 1 

 10 parts by weight of thermoplastic urethane (Rezamin 7285, 

made by Dainichiseika Color & Chemicals Mfg.Co., Ltd.) were 30 

90 parts by weight of EP330N (made by Mitsui Takeda Chemical  Corporation) , 10 parts by weight of
diethylene glycol, 5 parts  by weight of a silicon-based surfactant (SH-192, made by Foray  Dow Corning
Silicone Co. , Ltd.) , 0.2 part by weight of a catalyst 20 (No. 25, made by Kan Corporation) were
introduced into a container  and mixed. Then, the mixture was stirred vigorously for about  4 minutes at a
revolution number of 900 rpm by a stirring blade  so as to incorporate bubbles into the reaction system.
Thereafter, 38.5 parts by weight of Millionate MTL (made by Nippon 25 Polyurethane Industry Co., Ltd.)
were added thereto and stirred  for about 1 minute to prepare a cell dispersed urethane  composition.
[0161] The prepared cell dispersed urethane composition was  30 applied onto a base material sheet
(polyethylene terephthalate,  55 F-P07321TR(SG)  thickness 0.2 mm) to forma cell dispersed urethane
layer. The  cell dispersed urethane layer was covered with a release sheet  (polyethylene terephthalate,
thickness 0.2 mm) subjected to  release treatment. The cell dispersed urethane layer was 5 regulated to
be 1.0 mm in thickness with a nip roll and then  cured at 70 C for 40 minutes to form a polyurethane
foamed layer.  Thereafter, the release sheet formed on the polyurethane foamed  layer was released.
Then, the surf ace of the polyurethane f named  layer was buffed to a thickness of 0.8 mm by a buffing
machine 10 (manufactured by Amitec) to give a form having regulated  thickness accuracy. Thereafter, a
template was stuck to the  buffing surface of the polyurethane foamed layer, and a  double-side tape
(double tack tape, manufactured by Sekisui  Chemical Co . , Ltd.) was further stuckby a laminator to the
surface 
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dissolved in 90 parts by weight of dimethylformamide to prepare 

an urethane solution.  The urethane solution was applied onto 

a base material sheet (polyethylene terephthalate, thickness 

0.2 mm) to form an urethane film.  Thereafter, the urethane 

film-base material sheet was dipped in a DMF-water mixture 5 

(DMF/water = 30/70) for 30 minutes and dipped in water for 24 

hours to replace dimethylformamide by water, whereby a 

polyurethane foamed layer was formed.  Then, a template was stuck 

to the surface of the polyurethane foamed layer, and a double-side 

tape (double tack tape, manufactured by Sekisui Chemical Co., 10 

Ltd.) was further stuck by a laminator to the base material sheet 

surface to produce a layered sheet.  Fig. 4 shows a 

photomicrograph of a cross section of the polyurethane foamed 

layer.  It can be seen that thin and long drop-shaped cells are 

formed in the polyurethane foamed layer.15 

15 of the base material sheet to produce a layered sheet. Fig.  1 shows a photomicrograph of a cross
section of the polyurethane  foamed layer. It can be seen that spherical cells are formed  in the
polyurethane foamed layer. [0162]  20 Example 2 The cell dispersed urethane composition prepared in
Example 1 was applied onto a base material sheet (polyethylene  terephthalate, thickness 0.2 mm) to
form a cell dispersed  urethane layer. Thereafter, the cell dispersed urethane layer 25 was cured at 70C
for 40 minutes to form a polyurethane foamed  layer. Then, the surface of the polyurethane foamed layer
was  buffedtoathicknessof0.8mmbyabuffingmachine (manufactured  by Amitec) to give a foam having
regulated thickness accuracy.  Thereafter, a template was stuck to a buffing surface of the 30
polyurethane foamed layer, and a double-side tape (double tack  56 F-P07321TR(SG)  tape,
manufactured by Sekisui Chemical Co., Ltd) was further  stuck by a laminator to the surface of the base
material sheet  to produce a layered sheet. Fig. 2 shows a photomicrograph of  a cross section of the
polyurethane foamed layer. It can be 5 seen that spherical cells are formed in the polyurethane foamed
layer. [0163]  Example 3 The cell dispersed urethane composition prepared in  10 Example 1 was applied
onto a base material sheet (polyethylene  terephthalate, thickness 0.2 mm) to form a cell dispersed
urethane layer. The cell dispersed urethane layer was covered  with a release sheet (polyethylene
terephthalate, thickness 0.2  



mm) subjected to release treatment. The cell dispersed urethane 15 layer was regulated to be 0.8 mm
in thickness with a nip roll,  and then cured at 70C for 40 minutes to form a polyurethane  foamed
layer. Thereafter, the release sheet formed on the  polyurethane foamed layer was released. Askin
layer was formed  on the polyurethane foamed layer. Thereafter, a template was 20 stuck to the skin
layer, and a double-side tape (double tack  tape, manufactured by Sekisui Chemical Co., Ltd.) was
further  stuck by a laminator to the surface of the base material sheet  to produce a layered sheet. Fig.
3 shows a photomicrograph of  a cross section of the polyurethane foamed layer. It can be 25 seen
that spherical cells are formed in the polyurethane foamed  layer. [0164]  Comparative Example 1 10
parts by weight of thermoplastic urethane (Rezamin7285,  30 made by Dainichiseika Color &
Chemicals Mfg.Co., Ltd.) were  57 F-P07321TR(SG)  dissolved in 90 parts by weight of
dimethylformamide to prepare  an urethane solution. The urethane solution was applied onto  a base
material sheet (polyethylene terephthalate, thickness  0.2 mm) to form an urethane film. Thereafter,
the urethane 5 film-base material sheet was dipped in a DMF-water mixture  (DMF/water = 30/70) for
30 minutes and dipped in water for 24  hours to replace dimethylformamide by water, whereby a
polyurethane fnamed layer was formed. Then, a template was stuck  to the surface of the
polyurethane foamed layer, anda double-side 10 tape (double tack tape, manufactured by Sekisui
Chemical Co.,  Ltd. ) was further stuck by a laminator to the base material sheet  surface to produce a
layered sheet. Fig. 4 shows a  
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[0165] 

 As can be seen from Table 1, the polishing rate is not 

easily changed even if a large number of wafers are polished 

by using the layered sheet produced by the production process 

of the present invention. 

[0166] 

[Second aspect of the invention] 

Example 1 

 60 parts by weight of a high-molecular-weight polyol 

EX-5030 (made by Asahi Glass Co., Ltd., OHV 33, number of 

functional groups 3), 40 parts by weight of polycaprolactonetriol 

(made by Daicel Chemical Industries, Ltd., trade name: PCL305, 

OHV 305, number of functional groups 3), 5 parts by weight of 

a silicon-based surfactant (SH-192, made by Toray Dow Corning 

Silicone Co., Ltd.) and 0.18 part by weight of a catalyst (No.25, 

made by Kao Corporation) were introduced into a container and 

mixed to prepare a second component (25°C).  The average hydroxy 

value (OHVav) was 141.8 mg KOH/g (calculated value), and the 

average number (fav) of functional groups was 3 (calculated 

value).  The second component was stirred vigorously by a 

stirring blade for about 4 minutes at a revolution number of 

900 rpm so as to incorporate bubbles into the reaction system.  

Thereafter, 40.3 parts by weight of carbodiimide-modified MDI 

(Millionate MTL, made by Nippon Polyurethane Industry Co., Ltd., 

NCOwt% 29 wt%, 25°C) as the first component were added to the 

photomicrograph of a cross section of the polyurethane foamed  layer. It can be seen that thin and long
drop-shaped cells are 15 formed in the polyurethane foamed layer.  58 T N  11 O N m m N  ro a u N N  N
N ro ao o N r r w `~  a G N  O  O O r W W rl ~ a a  N H b"^ m q o 0 0 0  }roi W +~ o u1 i+) o  N r .+1 ~o co
0 N  N ~ M O N ~]  N Y do H w c v c  a O  U N N  
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second component (NCO/OH=1.1), and stirred for about 1 minute 

to prepare a cell dispersed urethane composition. 

[0167] 

 The prepared cell dispersed urethane composition was 

applied onto a base material sheet (polyethylene terephthalate; 

made by Toyobo Co., Ltd.; Toyobo Ester E5001; thickness, 0.188 

mm; nitrogen gas permeation rate, 3.72 x 10-11 [cm3/cm2·s·cmHg]) 

to form a cell dispersed urethane layer.  The cell dispersed 

urethane layer was covered with a release sheet (polyethylene 

terephthalate; made by Toyobo Co., Ltd.; Toyobo Ester E7002; 

thickness, 0.05 mm; nitrogen gas permeation rate ,1.15 x 10-10 

[cm3/cm2·s·cmHg]) subjected to release treatment.  The cell 

dispersed urethane layer was regulated to be 0.8 mm in thickness 

with a nip roll (clearance 0.75 mm), and the cell dispersed 

urethane layer was then cured at 40°C for 60 minutes to form 

a polyurethane foamed layer.  Thereafter, the release sheet 

formed on the polyurethane foamed layer was released.  A skin 

layer was formed on the polyurethane foamed layer.  A double-side 

tape (double tack tape, manufactured by Sekisui Chemical Co., 

Ltd.) was stuck by a laminator to the surface of the base material 

sheet to produce a layered sheet.  When a section of the 

polyurethane foamed layer was observed under a microscope, 

spherical interconnected cells with surfaces in which circular 

holes were formed had been mainly formed. 

[0168] 

CN N U t N N N N  S N rov  x~- o a  .H w e' r m io  U 5 N N N N  0 0 0 0 0  Vl !T a N  4J N O P .-I O  U 0
w .-1 N N O  -H w 9  N z 41 th O o O 1  O] D r D V H  9 D  N N M 4-I N  N N N N ro N aaaroa  rt H k X x
o%  W 0 W O W 59 
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Example 2 

 A layered sheet was produced in the same manner as in Example 

1 except that a release sheet (polypropylene; made by Toyobo 

Co., Ltd.; Toyopal-SS P4256; thickness, 0.05 mm; nitrogen gas 

permeation rate, 2.33 x 10-9 [cm3/cm2·s·cmHg]) was used in place 

of the release sheet described in Example 1.  When a section 

of the polyurethane foamed layer was observed under a microscope, 

spherical interconnected cells with surfaces in which circular 

holes had been formed had been mainly formed. 

[0169] 

Comparative Example 1 

 A layered sheet was produced in the same manner as in Example 

1 except that a release sheet (made by Oji Paper Co., Ltd.; 

separator 7OGS; thickness, 0.058 mm; nitrogen gas permeation 

rate, 1.06 x 10-6 [cm3/cm2·s·cmHg]) was used in place of the release 

sheet described in Example 1.  When a section of the polyurethane 

foamed layer was observed under a microscope, spherical 

interconnected cells with surfaces in which circular holes had 

been formed had been mainly formed. 

F-P07321TR(SG)  [0165] As can be seen from Table 1, the polishing rate is not  easily changed even if a
large number of wafers are polished  by using the layered sheet produced by the production process  of
the present invention. [0166]  [Second aspect of the invention]  Example 1 60 parts by weight of a
high-molecular-weight polyol  EX-5030 (made by Asahi Glass Co., Ltd., OHV 33, number of  functional
groups 3), 40partsbyweightofpolycaprolactonetriol  (made by Daicel Chemical Industries, Ltd., trade
name: PCL305,  OHV 305, number of functional groups 3), 5 parts by weight of  a silicon-based
surfactant (SH-192, made by Toray Dow Corning  Silicone Co., Ltd. ) and 0.18 part by weight of a catalyst
(No.25,  made by Kan Corporation) were introduced into a container and  mixed to prepare a second
component (25C). The average hydroxy  value (OHVav) was 141.8 mg KOH/g (calculated value), and the
average number (fav) of functional groups was 3 (calculated  value) . The second component was stirred
vigorously by a  stirring blade for about 4 minutes at a revolution number of  900 rpm so as to incorporate
bubbles into the reaction system.  Thereafter, 40.3 parts by weight of carbodiimide-modified MDI
(Millionate MTL, made by Nippon Polyurethane Industry Co. , Ltd. ,  NCOwt% 29 wt%, 25C) as the first
component were added to the  60 F-P07321TR(SG)  second component (NCO/OH=1.1), and stirred for
about 1 minute  to prepare a cell dispersed urethane composition. [0167] 



The prepared cell dispersed urethane composition was  applied onto a base material sheet
(polyethylene terephthalate;  made by Toyobo Co., Ltd.; Toyobo Ester E5001; thickness, 0.188  mm;
nitrogen gas permeation rate, 3.72 x 10-11 [cm3/cm2scmHg] )  to form a cell dispersed urethane layer.
The cell dispersed  urethane layer was covered with a release sheet (polyethylene  terephthalate;
made by Toyobo Co., Ltd.; Toyobo Ester E7002;  thickness, 0.05 mm; nitrogen gas permeation rate
,1.15 x 10-10  [cm3/cm2scmHg]) subjected to release treatment. The cell  dispersed urethane layer
was regulated to be 0. 8 mm in thickness  with a nip roll (clearance 0.75 mm), and the cell dispersed
urethane layer was then cured at 40C for 60 minutes to form  a polyurethane foamed layer. Thereafter,
the release sheet  formed on the polyurethane foamed layer was released. A skin  layer was formed
on the polyurethane foamed layer. A double-side  tape (double tack tape, manufactured by Sekisui
Chemical Co.,  Ltd.) was stuck by a laminator to the surface of the base material  sheet to produce a
layered sheet. When a section of the  polyurethane foamed layer was observed under a microscope,
spherical interconnected cells with surfaces in which circular  holes were formed had been mainly
formed. [0168] 61 F-P07321TR(SG)  Example 2 A layered sheet was produced in the same manner as
in Example  1 except that a release sheet (polypropylene; made by Toyobo  Co., Ltd.; Toyopal-SS
P4256; thickness, 0.05 mm; nitrogen gas  permeation rate, 2.33 x 10-9 [cm'/cm'- s cmHg] ) was used
in place  of the release sheet described in Example 1. When a section  of the polyurethane foamed
layer was observed under a microscope,  
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[0170] 

 Since the layered sheets of Examples have extremely high 

surface accuracy, the layered sheets have excellent adsorptive 

property.  On the other hand, since the layered sheet of 

Comparative Example has low surface accuracy, the layered sheet 

has inferior adsorptive property. 

[0171] 

[Third aspect of the invention] 

Example 1 

 60 parts by weight of a high-molecular-weight polyol 

EX-5030 (made by Asahi Glass Co., Ltd., OHV 33, number of 

functional groups 3), 40 parts by weight of polycaprolactonetriol 

(made by Daicel Chemical Industries, Ltd., PCL305; OHV305, number 

of functional groups 3), 5 parts by weight of a silicon-based 

surfactant (SH-192, made by Toray Dow Corning Silicone Co., Ltd.), 

and 0.18 part by weight of a catalyst (No.25, made by Kao 

Corporation) were introduced into a container and mixed to 

prepare a second component (25°C).  The average hydroxy value 

(OHVav) was 141.8 mg KOH/g (calculated value), and the average 

number (fav) of functional groups was 3 (calculated value).  The 

second component was stirred vigorously by a stirring blade for 

about 4 minutes at a revolution number of 900 rpm so as to 

incorporate bubbles into the reaction system.  Thereafter, 40.3 

parts by weight of carbodiimide-modified MDI (made by Nippon 

Polyurethane Industry Co., Ltd., Millionate MTL, NCOwt% 29 wt%, 

spherical interconnected cells with surfaces in which circular  holes had been formed had been mainly
formed. [0169]  Comparative Example 1 A layered sheet was produced in the same manner as in
Example  1 except that a release sheet (made by Oji Paper Co., Ltd.;  separator 70GS; thickness, 0.058
mm; nitrogen gas permeation  rate, 1 . 06 x 10-6 [cm3/cm2  s  cmHg]) was used in place of the release
sheet described in Example 1. When a section of the polyurethane  foamed layer was observed under a
microscope, spherical  interconnected cells with surfaces in which circular holes had  been formed had
been mainly formed. 62 W 01 U N w m v  N N W wca ~ .  to 7 m m ti  to o H a >1  . aJ " $4 a o co N  QO.
o rn O H v N  qua O  .i  0 O t N N H M M W  
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25°C) as the first component were added to the second component 

(NCO/OH=1.1) and stirred for about 1 minute to prepare a cell 

dispersed urethane composition. 

[0172] 

 The prepared cell dispersed urethane composition was 

applied onto a base material sheet (polyethylene terephthalate, 

thickness 0.2 mm) to form a cell dispersed urethane layer.  The 

cell dispersed urethane layer was covered with a release sheet 

(polyethylene terephthalate, thickness 0.2 mm) subjected to 

release treatment.  The cell dispersed urethane layer was 

regulated to be 0.8 mm in thickness with a nip roll (clearance 

0.75 mm) and cured at 40°C for 60 minutes to form a polyurethane 

foamed layer.  Thereafter, the release sheet formed on the 

polyurethane foamed layer was released.  A double-side tape 

(double tack tape, manufactured by Sekisui Chemical Co., Ltd.) 

was stuck by a laminator to the surface of the base material 

sheet to produce a layered sheet.  When a section of the 

polyurethane foamed layer was observed under a microscope, 

spherical interconnected cells with surfaces in which circular 

holes had been formed had been mainly formed. 

[0173] 

Example 2 

 EX-5030 (85 parts by weight), PCL305 (13 parts by weight), 

2 parts by weight of diethylene glycol (OHV 1057, number of 

functional groups 2), SH-192 (5 parts by weight), and 0.34 part 

gi N  CO N Y7 H m N m  M M U  W y u N  U G M M a  Na N O o O  C ~y O U N .d m V to ttO  14 O N  C
U  m H a H i@ N Ui M  rya i i  _ O O  X X  41 N \ N M O w 0 co N H ri a m a  to E N x o M  W U W 63
F-P07321TR(SG)  [0170] 
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by weight of a catalyst (No.25) were introduced into a container 

and mixed to prepare a second component (25°C).  The average 

hydroxy value (OHVav) was 88.84 mg KOH/g (calculated value), 

and the average number (fav) of functional groups was 2.98 

(calculated value).  The second component was stirred 

vigorously by a stirring blade for about 4 minutes at a revolution 

number of 900 rpm so as to incorporate bubbles into the reaction 

system.  Thereafter, Millionate MTL (25.2 parts by weight, 25°C) 

as the first component was added to the second component 

(NCO/OH=1.1) and stirred for about 1 minute to prepare a cell 

dispersed urethane composition.  Thereafter, a layered sheet 

was produced in the same manner as in Example 1.  When a section 

of the polyurethane foamed layer was observed under a microscope, 

spherical interconnected cells with surfaces in which circular 

holes had been formed had been mainly formed. 

[0174] 

Example 3 

 45 parts by weight of polymer polyol EX-940 (made by Asahi 

Glass Co., Ltd., OHV 28, conversion to number of functional groups 

3) in which polymer particles made of a styrene-acrylonitrile 

copolymer were dispersed, 35 parts by weight of 

polytetramethylene etherglycol (PTMG2000, made by Mitsubishi 

Chemical Corporation, OHV 56, number of functional groups 2), 

PCL305 (10 parts by weight), diethylene glycol (10 parts by 

weight), SH-192 (5 parts by weight), and 0.25 part by weight 

Since the layered sheets of Examples have extremely high  surface accuracy, the layered sheets have
excellent adsorptive  property. On the other hand, since the layered sheet of  Comparative Example has
low surface accuracy, the layered sheet  has inferior adsorptive property. [0171]  [Third aspect of the
invention]  Example 1 60 parts by weight of a high-molecular-weight polyol  EX-5030 (made by Asahi
Glass Co., Ltd., OHV 33, number of  functional groups 3), 40partsbyweightofpolycaprolactonetriol  (made
by Daicel Chemical Industries, Ltd., PCL305; OHV305, number  of functional groups 3), 5 parts by weight
of a silicon-based  surfactant (SH-192, made by Toray Dow Corning Silicone Co.,Ltd. ),  and 0.18 part by
weight of a catalyst (No.25, made by Kao Corporation) were introduced into a container and mixed to
prepare a second component (25C). The average hydroxy value  (OHVav) was 141.8 mg KOH/g
(calculated value), and the average  number (fav) of functional groups was 3 (calculated value). The
second component was stirred vigorously by a stirring blade for  about 4 minutes at a revolution number
of 900 rpm so as to  incorporate bubbles into the reaction system. Thereafter, 40.3  parts by weight of
carbodiimide-modified MDI (made by Nippon  Polyurethane Industry Co., Ltd., Millionate MTL, NCOwt%
29 wt%,  64 F-P07321TR(SG)  25C) as the first component were added to the second component
(NCO/OH=1.1) and stirred for about 1 minute to prepare a cell  dispersed urethane composition. [01721 
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of a catalyst (No.25) were introduced into a container and mixed 

to prepare a second component (25°C).  The average hydroxy value 

(OHVav) was 137.4 mg KOH/g (calculated value), and the average 

number (fav) of functional groups was 2.55 (calculated value).  

The second component was stirred vigorously by a stirring blade 

for about 4 minutes at a revolution number of 900 rpm so as to 

incorporate bubbles into the reaction system.  Thereafter, 

Millionate MTL (39 parts by weight, 25°C) as the first component 

was added to the second component (NCO/OH=1.1), and stirred for 

about 1 minute to prepare a cell dispersed urethane composition.  

Thereafter, a layered sheet was produced in the same manner as 

in Example 1.  When a section of the polyurethane foamed layer 

was observed under a microscope, spherical interconnected cells 

with surfaces in which circular holes had been formed had been 

mainly formed. 

[0175] 

Example 4 

 PTMG2000 (700 parts by weight) and 150 parts by weight 

of polytetramethylene etherglycol (made by Mitsubishi Chemical 

Corporation, PTMG650, OHV 173, number of functional groups 2) 

were introduced into a container and dehydrated under reduced 

pressure for about 1 hour while being stirred.  Thereafter, the 

inside of the reaction container was substituted by nitrogen.  

436 parts by weight of Millionate MT (Pure MDI, made by Nippon 

Polyurethane Industry Co., Ltd.) were introduced into the 

The prepared cell dispersed urethane composition was  applied onto a base material sheet (polyethylene
terephthalate,  thickness 0.2 mm) to form a cell dispersed urethane layer. The  cell dispersed urethane
layer was covered with a release sheet  (polyethylene terephthalate, thickness 0.2 mm) subjected to
release treatment. The cell dispersed urethane layer was  regulated to be 0.8 mm in thickness with a nip
roll (clearance  0.75 mm) and cured at 40C for 60 minutes to form a polyurethane  foamed layer.
Thereafter, the release sheet formed on the  polyurethane foamed layer was released. A double-side tape
(double tack tape, manufactured by Sekisui Chemical Co., Ltd.)  was stuck by a laminator to the surface
of the base material  sheet to produce a layered sheet. When a section of the  polyurethane foamed layer
was observed under a microscope,  spherical interconnected cells with surfaces in which circular  holes
had been formed had been mainly formed. [01731  Example 2 EX-5030 (85 parts by weight), PCL305 (13
parts by weight),  2 parts by weight of diethylene glycol (OHV 1057, number of  functional groups 2),
SH-192 (5 parts by weight) , and 0.34 part  65 F-P07321TR(SG)  by weight of a catalyst (No.25) were
introduced into a container  and mixed to prepare a second component (25C). The average  hydroxy
value (OHVav) was 88.84 mg KOH/g (calculated value),  and the average number (fav) of functional
groups was 2.98  (calculated value) . The second component was stirred vigorously by a stirring blade for
about 4 minutes at a revolution  number of 900 rpm so as to incorporate bubbles into the reaction
system. Thereafter, Millionate MTL(25.2partsby weight,25C)  
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reaction container.  Thereafter, they was reacted for about 4 

hours while the temperature within the reaction system was held 

at about 80°C to synthesize an isocyanate-terminated-prepolymer 

A (NCO wt% 7.53 wt%). 

[0176] 

 An isocyanate-terminated-prepolymer A (128 parts by 

weight) and SH-192 (5 parts by weight) were introduced into a 

container and mixed.  The mixture was regulated to be 40°C, and 

defoamed under reduced pressure to prepare a first component.  

The first component was stirred vigorously by a stirring blade 

for about 4 minutes at a revolution number of 900 rpm so as to 

incorporate bubbles into the reaction system.  Thereafter, the 

first component was added to a second component in which 15 parts 

by weight of triethylene glycol (OHV 747, number of functional 

groups 2) regulated to be 25°C and 0.12 part by weight of a catalyst 

(No.25) were mixed (NCO/OH=1.15) and stirred for about 1 minute 

to prepare a cell dispersed urethane composition.  The average 

hydroxy value (OHVav) was 177.2 mg KOH/g (calculated value), 

and the average number (fav) of functional groups was 2 

(calculated value).  Thereafter, a layered sheet was produced 

in the same manner as in Example 1.  When a section of the 

polyurethane foamed layer was observed under a microscope, 

spherical interconnected cells with surfaces in which circular 

holes had been formed had been mainly formed. 

[0177] 

as the first component was added to the second component  (NCO/OH=1.1) and stirred for about 1
minute to prepare a cell  dispersed urethane composition. Thereafter, a layered sheet  was produced in
the same manner as in Example 1. When a section  of the polyurethane foamed layer was observed
under a microscope,  spherical interconnected cells with surfaces in which circular  holes had been
formed had been mainly formed. [0174]  Example 3 45 parts by weight of polymer polyol EX-940 (made
by Asahi  Glass Co. , Ltd. , 0HV 28, conversion to number of functional groups  3) in which polymer
particles made of a styrene-acrylonitrile  copolymer were dispersed, 35 parts by weight of
polytetramethylene etherglycol (PTMG2000, made by Mitsubishi  Chemical Corporation, OHV 56, number
of functional groups 2),  PCL305 (10 parts by weight), diethylene glycol (10 parts by  weight), SH-192 (5
parts by weight), and 0.25 part by weight  66 F-P07321TR(SG)  of a catalyst (No.25) were introduced into
a container and mixed  to prepare a second component (25C). The average hydroxy value  (OHVav) was
137.4 mg KOH/g (calculated value), and the average  number (fav) of functional groups was 2.55
(calculated value).  The second component was stirred vigorously by a stirring blade  for about 4 minutes
at a revolution number of 900 rpm so as to  incorporate bubbles into the reaction system. Thereafter,
Millionate MTL (39 parts by weight, 25C) as the first component  was added to the second component
(NCO/OH=1.1), and stirred for  about 1 minute to prepare a cell dispersed urethane composition.
Thereafter, a layered sheet was produced in the same manner as  in Example 1. When a section of the
polyurethane foamed layer  
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Comparative Example 1 

 EX-5030 (90 parts by weight), PCL305 (8 parts by weight), 

diethylene glycol (2 parts by weight), SH-192 (5 parts by weight), 

and 0.36 part by weight of a catalyst (No.25) were introduced 

into a container and mixed to prepare a second component (25°C).  

The average hydroxy value (OHVav) was 75.24 mg KOH/g (calculated 

value), and the average number (fav) of functional groups was 

2.98 (calculated value).  The second component was stirred 

vigorously by a stirring blade for about 4 minutes at a revolution 

number of 900 rpm so as to incorporate bubbles into the reaction 

system.  Thereafter, Millionate MTL (21.4 parts by weight, 25°C) 

as the first component was added to the second component 

(NCO/OH=1.1) and stirred for about 1 minute to prepare a cell 

dispersed urethane composition.  Thereafter, a layered sheet 

was produced in the same manner as in Example 1.  When a section 

of the polyurethane foamed layer was observed under a microscope, 

most cells were independent cells. 

[0178] 

Comparative Example 2 

 PTMG650 (850 parts by weight) was introduced into a 

container, and dehydrated under reduced pressure for about 1 

hour while being stirred.  Thereafter, the inside of the reaction 

container was substituted by nitrogen.  Millionate MT (635 parts 

by weight) was introduced into the reaction container.  

Thereafter, they were reacted for about 4 hours to synthesize 

was observed under a microscope, spherical interconnected cells  with surfaces in which circular holes
had been formed had been  mainly formed. [01751  Example 4 PTMG2000 (700 parts by weight) and 150
parts by weight  of polytetramethylene etherglycol (made by Mitsubishi Chemical  Corporation, PTMG650,
OHV 173, number of functional groups 2)  were introduced into a container and dehydrated under
reduced  pressure for about 1 hour while being stirred. Thereafter, the  inside of the reaction container
was substituted by nitrogen.  436 parts by weight of Millionate MT (Pure MDI, made by Nippon
Polyurethane Industry Co., Ltd.) were introduced into the  67 F-P07321TR(SG)  reaction container.
Thereafter, they was reacted for about 4  hours while the temperature within the reaction system was held
at about 80C to synthesize anisocyanate-terminated-prepolymer  A (NCO wt% 7.53 wt%). [0176] An
isocyanate-terminated-prepolymer A (128 parts by  weight) and SH-192 (5 parts by weight) were
introduced into a  container and mixed. The mixture was regulated to be 40C, and  defoamed under
reduced pressure to prepare a first component.  The first component was stirred vigorously by a stirring
blade  for about 4 minutes at a revolution number of 900 rpm so as to  incorporate bubbles into the
reaction system. Thereafter, the  first component was added to a second component in which 15 parts  by
weight of triethylene glycol (OHV 747, number of functional  groups 2) regulated to be 25 C and 0.12 part
by weight of a catalyst  (No.25) were mixed (NCO/OH=1.15) and stirred for about 1 minute  
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an isocyanate-terminated-prepolymer B (NCO wt% 6.99 wt%) while 

the temperature within the reaction system was held at about 

80°C. 

[0179] 

 The isocyanate-terminated-prepolymer B (150 parts by 

weight) and SH-192 (5 parts by weight) were introduced into a 

container, mixed, regulated to be 40°C, and defoamed under 

reduced pressure to prepare a first component.  The first 

component was stirred vigorously by a stirring blade for about 

4 minutes at a revolution number of 900 rpm so as to incorporate 

bubbles into the reaction system.  Thereafter, a second 

component in which triethylene glycol (15 parts by weight) 

regulated to be 25°C and 0.1 part by weight of a catalyst (No.25) 

were mixed was added to the first component (NCO/OH=1.25), and 

stirred for about 1 minute to prepare a cell dispersed urethane 

composition.  The average hydroxy value (OHVav) was 259.1 mg 

KOH/g (calculated value), and the average number (fav) of 

functional groups was 2 (calculated value).  Thereafter, a 

layered sheet was produced in the same manner as in Example 1.  

When a section of the polyurethane foamed layer was observed 

under a microscope, most cells were independent cells. 

[0180] 

Comparative Example 3 

 PTMG2000 (550 parts by weight) and PTMG650 (200 parts by 

weight) were introduced into a container, and dehydrated under 

to prepare a cell dispersed urethane composition. The average  hydroxy value (OHVav) was 177.2 mg
KOH/g (calculated value),  and the average number (fav) of functional groups was 2  (calculated value).
Thereafter, a layered sheet was produced  in the same manner as in Example 1. When a section of the
polyurethane foamed layer was observed under a microscope,  spherical interconnected cells with
surfaces in which circular  holes had been formed had been mainly formed. [0177] 68 F-P07321TR(SG)
Comparative Example 1 EX-5030 (90 parts by weight) , PCL305 (8 parts by weight) ,  diethylene glycol (2
parts by weight) , SH-192 (5 parts by weight) ,  and 0.36 part by weight of a catalyst (No.25) were
introduced  into a container and mixed to prepare a second component (25C) .  The average hydroxy
value (OHVav) was 75.24mg KOH/g (calculated  value), and the average number (fav) of functional
groups was  2.98 (calculated value). The second component was stirred  vigorously by a stirring blade for
about 4 minutes at a revolution  number of 900 rpm so as to incorporate bubbles into the reaction
system. Thereafter, Millionate MTL (21. 4 parts by weight, 25C)  as the first component was added to the
second component  (NCO/OH=1.1) and stirred for about 1 minute to prepare a cell  dispersed urethane
composition. Thereafter, a layered sheet  was produced in the same manner as in Example 1. When a
section  of the polyurethane foamed layer was observed under a microscope,  most cells were
independent cells. [0178]  Comparative Example 2 PTMG650 (850 parts by weight) was introduced into a
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reduced pressure for about 1 hour while being stirred.  

Thereafter, the inside of the reaction container was substituted 

by nitrogen.  Millionate MT (620 parts by weight) was introduced 

into the reaction container.  Thereafter, they were reacted for 

about 4 hours to synthesize an isocyanate-terminated-prepolymer 

C (NCO wt% 11.73 wt%) while the temperature within the reaction 

system was held at about 80°C. 

[0181] 

 The isocyanate-terminated-prepolymer C (137 parts by 

weight) and SH-192 (5 parts by weight) were introduced into a 

container, mixed, regulated to be 40°C, and defoamed under 

reduced pressure to prepare a first component.  The first 

component was stirred vigorously by a stirring blade for about 

4 minutes at a revolution number of 900 rpm so as to incorporate 

bubbles into the reaction system.  Thereafter, a second 

component in which triethylene glycol (25 parts by weight) 

regulated to be 25°C and 0.08 part by weight of a catalyst (No.25) 

were mixed was added to the first component (NCO/OH=1.15), and 

stirred for about 1 minute to prepare a cell dispersed urethane 

composition.  The average hydroxy value (OHVav) was 252.15 mg 

KOH/g (calculated value), and the average number (fav) of 

functional groups was 2 (calculated value).  Thereafter, a 

layered sheet was produced in the same manner as in Example 1.  

When a section of the polyurethane foamed layer was observed 

under a microscope, most cells were independent cells. 

container, and dehydrated under reduced pressure for about 1  hour while being stirred. Thereafter, the
inside of the reaction  container was substituted by nitrogen. Millionate MT(635parts  by weight) was
introduced into the reaction container.  Thereafter, they were reacted for about 4 hours to synthesize 69
F-P07321TR(SG)  an isocyanate-terminated-prepolymer B (NCO wt% 6.99 wt%) while  the temperature
within the reaction system was held at about  80C. [0179] The isocyanate-terminated-prepolymer B (150
parts by  weight) and SH-192 (5 parts by weight) were introduced into a  container, mixed, regulated to be
40C, and defoamed under  reduced pressure to prepare a first component. The first  component was
stirred vigorously by a stirring blade for about  4 minutes at a revolution number of 900 rpm so as to
incorporate  bubbles into the reaction system. Thereafter, a second  component in which triethylene glycol
(15 parts by weight)  regulated to be 25C and 0.1 part by weight of a catalyst (No.25)  were mixed was
added to the first component (NCO/OH=1.25), and  stirred for about 1 minute to prepare a cell dispersed
urethane  composition. The average hydroxy value (OHVav) was 259.1 mg  KOH/g (calculated value),
and the average number (fav) of  functional groups was 2 (calculated value) . Thereafter, a  layered sheet
was produced in the same manner as in Example 1.  When a section of the polyurethane foamed layer
was observed  under a microscope, most cells were independent cells.  [0180] Comparative Example 3
PTMG2000 (550 parts by weight) and PTMG650 (200 parts by  



weight) were introduced into a container, and dehydrated under  70 F-P07321TR(SG)  reduced
pressure for about 1 hour while being stirred.  Thereafter, the inside of the reaction container was
substituted  by nitrogen. Millionate MT (620 parts by weight) was introduced  into the reaction
container. Thereafter, they were reacted for  about 4 hours to synthesize an
isocyanate-terminated-prepolymer  C (NCO wt% 11.73 wt%) while the temperature within the reaction
system was held at about 80C. [0181] The isocyanate-terminated-prepolymer C (137 parts by  weight)
and SH-192 (5 parts by weight) were introduced into a  container, mixed, regulated to be 40C, and
defoamed under  reduced pressure to prepare a first component. The first  component was stirred
vigorously by a stirring blade for about  4 minutes at a revolution number of 900 rpm so as to
incorporate  bubbles into the reaction system. Thereafter, a second  component in which triethylene
glycol (25 parts by weight)  regulated to be 25 C and 0.08 part by weight of a catalyst (No.25 )  were
mixed was added to the first component (NCO/OH=1.15), and  stirred for about 1 minute to prepare a
cell dispersed urethane  composition. The average hydroxy value (OHVav) was 252.15 mg  KOH/g
(calculated value), and the average number (fav) of  functional groups was 2 (calculated value) .
Thereafter, a  layered sheet was produced in the same manner as in Example 1.  When a section of
the polyurethane foamed layer was observed  under a microscope, most cells were independent cells.
71 > a ipH-~, H O .-I O1 O N N Cn  
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[0182] 

 Since the layered sheets of Examples 1 to 4 have an 

interconnected cell structure, the layered sheets have high 

surface accuracy and have excellent adsorptive property.  

Although the layered sheet of Comparative Example 1 have an 

independent cell structure and have excellent adsorptive 

property, the layered sheet have poor surface accuracy.  

Therefore, the polishing uniformity of the material to be 

polished in polishing is reduced.  The layered sheets of 

Comparative Examples 2 and 3 have an independent cell structure, 

and have poor adsorptive property and surface accuracy. 

[0183] 

[Fourth aspect of the invention] 

Example 1 

 60 parts by weight of a high-molecular-weight polyol 

EX-5030 (made by Asahi Glass Co., Ltd., OHV 33, number of 

functional groups 3), 40 parts by weight of polycaprolactonetriol 

(made by Daicel Chemical Industries, Ltd., PCL305, OHV 305, 

number of functional groups 3), 5 parts by weight of a 

silicon-based surfactant (SH-192, made by Toray Dow Corning 

Silicone Co., Ltd.) and 0.18 part by weight of a catalyst (No.25, 

made by Kao Corporation) were introduced into a container, and 

mixed to prepare a second component (25°C).  The second component 

was stirred vigorously by a stirring blade for about 4 minutes 

at a revolution number of 900 rpm so as to incorporate bubbles 

^ O 'x N cN N w N m  w H ` ova  0 N m N It) CO O O O O  m ep a b N O) m N a~  a H ` m r- a m N N -1  U
m  c O v 1`~9 TAI H N N  U v WI N I 0) N tD UD U ,D M M M C' a N C  ma yO,l 0 0 0 0 O O O  O U m  m
Y H .. F' l0 N to In H 01 - ~ b l0 lp III ri N ~-1  m O C U  q H O u m Y N m In m a~ M v1 N I I I  N N N N m
H b H g~ H: W to m m so  



F-P07321TR(SG) 

 74

into the reaction system.  Thereafter, 40.3 parts by weight of 

carbodiimide-modified MDI (made by Nippon Polyurethane Industry 

Co., Ltd., Millionate MTL, NCOwt% 29 wt%, 25°C) as the first 

component was added to the second component (NCO/OH=1.1) and 

stirred for about 1 minute to prepare a cell dispersed urethane 

composition. 

[0184] 

 The cell dispersed urethane composition was injected into 

a mold (width 800 mm, length 1300 mm, height 35 mm) until the 

height of liquid surface was set to 31mm (88 volume %).  

Thereafter, the upper surface of the mold was covered with an 

upper lid in which vent holes of φ3 mm were formed at an interval 

of 3 mm to clamp the mold.  Thereafter, while the composition 

was heated at 70°C to be reacted and cured, the side surface 

of the mold was moved, and the horizontal width of the mold was 

compressed to 700 mm from 800 mm.  The state is held until the 

mixed solution does not flow.  The excessive composition was 

discharged from the vent holes.  Thereafter, the composition 

was post-cured at 70°C for 1 hour to obtain a polyurethane foam 

block. 

[0185] 

 Using a band saw-type slicer (manufactured by Fecken 

Corporation), the polyurethane foam block was sliced so that 

the long axis of each of oval cells was parallel to the thickness 

direction to obtain a polyurethane foam sheet.  Then, the surface 

> U id P` m m 1O In N 10  M N N M .D1 v-1 -.DI N .D1 m N m m m m m O m m m r a l wwm'1 ron m,H  a
a a  W W W W U W U W U W 72 F-P07321TR(SG)  [0182] Since the layered sheets of Examples 1 to 4
have an  interconnected cell structure, the layered sheets have high  surface accuracy and have excellent
adsorptive property.  Although the layered sheet of Comparative Example 1 have an  independent cell
structure and have excellent adsorptive  property, the layered sheet have poor surface accuracy.
Therefore, the polishing uniformity of the material to be  polished in polishing is reduced. The layered
sheets of  Comparative Examples 2 and 3 have an independent cell structure,  and have poor adsorptive
property and surface accuracy.  [0183] [Fourth aspect of the invention]  Example 1 60 parts by weight of a
high-molecular-weight polyol  EX-5030 (made by Asahi Glass Co., Ltd., OHV 33, number of  functional
groups 3), 40partsbyweightofpolycaprolactonetriol  (made by Daicel Chemical Industries, Ltd., PCL305,
OHV 305,  number of functional groups 3), 5 parts by weight of a  silicon-based surfactant (SH-192, made
by Foray Dow Corning  Silicone Co., Ltd. ) and 0.18 part by weight of a catalyst (No.25,  made by Kao
Corporation) were introduced into a container, and  mixed to prepare a second component (25 C) . The
second component  
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of the sheet was buffed by a buffing machine (manufactured by 

Amitec) until the thickness was set to 0.8 mm, thereby regulating 

the thickness accuracy.  The buffed sheet was punched into a 

diameter of 17 cm to obtain a polyurethane foamed layer.  

Thereafter, the polyurethane foamed layer and the base material 

sheet (polyethylene terephthalate, thickness 0.2 mm) were stuck 

together by a double-side tape (double tack tape, manufactured 

by Sekisui Chemical Co., Ltd.).  Thereafter, a template was stuck 

to the buffing surface of the polyurethane foamed layer.  A 

double-side tape (double tack tape, manufactured by Sekisui 

Chemical Co., Ltd.) was further stuck by a laminator to the surface 

of the base material sheet to produce a layered sheet. 

[0186] 

Example 2 

 45 parts by weight of polymer polyol EX-940 (made by Asahi 

Glass Co., Ltd., OHV 28, conversion to number of functional groups 

3) in which polymer particles made of a styrene-acrylonitrile 

copolymer were dispersed, 35 parts by weight of 

polytetramethyleneetherglycol (made by Mitsubishi Chemical 

Corporation, PTMG2000, OHV 56, number of functional groups2), 

PCL305 (10 parts by weight), diethylene glycol (10 parts by 

weight), SH-192 (5 parts by weight), and 0.25 part by weight 

of a catalyst (No.25) were introduced into a container and mixed 

to prepare a second component (25°C).  The second component was 

stirred vigorously by a stirring blade for about 4 minutes at 

was stirred vigorously by a stirring blade for about 4 minutes  at a revolution number of 900 rpm so as to
incorporate bubbles 73 F-P07321TR(SG)  into the reaction system. Thereafter, 40.3 parts by weight of
carbodiimide-modifiedMDl (made by Nippon Polyurethane Industry  Co., Ltd., Millionate MTL, NCOwt%
29 wt%, 25C) as the first  component was added to the second component (NCO/OH=1.1) and  stirred for
about 1 minute to prepare a cell dispersed urethane  composition. [0184] The cell dispersed urethane
composition was injected into  a mold (width 800 mm, length 1300 mm, height 35 mm) until the  height of
liquid surface was set to 31mm (88 volume %).  Thereafter, the upper surface of the mold was covered
with an  upper lid in which vent holes of 3 mm were formed at an interval  of 3 mm to clamp the mold.
Thereafter, while the composition  was heated at 70C to be reacted and cured, the side surface  of the
mold was moved, and the horizontal width of the mold was  compressed to 700 mm from 800 mm. The
state is held until the  mixed solution does not flow. The excessive composition was  discharged from the
vent holes. Thereafter, the composition  was post-cured at 70C for 1 hour to obtain a polyurethane foam
block. [0185] Using a band saw-type slicer (manufactured by Fecken  Corporation), the polyurethane
foam block was sliced so that  the long axis of each of oval cells was parallel to the thickness  direction to
obtainapolyurethanefoamsheet. Then, the surface  74 F-P07321TR(SG)  



F-P07321TR(SG) 

 76

a revolution number of 900 rpm so as to incorporate bubbles into 

the reaction system.  Thereafter, Millionate MTL (39 parts by 

weight, 25°C) as the first component was added to the second 

component (NCO/OH=1.1), and stirred for about 1 minute to prepare 

a cell dispersed urethane composition.  Thereafter, a layered 

sheet was produced in the same manner as in Example 1. 

[0187] 

Example 3 

 The cell dispersed urethane composition was prepared in 

the same manner as in Example 1.  The cell dispersed urethane 

composition was injected into a mold (width 800 mm, length 1300 

mm, height 35 mm) until the height of liquid surface was set 

to 31 mm (88 volume %).  Thereafter, the upper surface of the 

mold was covered with an upper lid in which vent holes of φ

3 mm were formed at an interval of 3 mm to clamp the mold.  

Thereafter, the mold was put into a vacuum oven where the 

composition was heated at 70°C to be reacted and cured.  The 

pressure was simultaneously reduced to 80 kPa, and the state 

is held until the mixed solution does not flow.  The excessive 

composition was discharged from the vent holes.  Thereafter, 

the composition was post-cured at 70°C for 1 hour to obtain a 

polyurethane foam block.  Thereafter, a layered sheet was 

produced in the same manner as in Example 1. 

[0188] 

Example 4 

of the sheet was buffed by a buffing machine (manufactured by  Amitec) until the thickness was set to 0. 8
mm, thereby regulating  the thickness accuracy. The buffed sheet was punched into a  diameter of 17 cm
to obtain a polyurethane foamed layer.  Thereafter, the polyurethane foamed layer and the base material
sheet (polyethylene terephthalate, thickness 0.2 mm) were stuck  together by a double-side tape (double
tack tape, manufactured  by Sekisui Chemical Co., Ltd.) . Thereafter, a template was stuck  to the buffing
surface of the polyurethane foamed layer. A  double-side tape (double tack tape, manufactured by Sekisui
Chemical Co. , Ltd.) was further stuck by a laminator to the surface  of the base material sheet to produce
a layered sheet.  [0186] Example 2 45 parts by weight of polymer polyol EX-940 (made by Asahi  Glass
Co. , Ltd. , 0HV 28, conversion to number of functional groups  3) in which polymer particles made of a
styrene-acrylonitrile  copolymer were dispersed, 35 parts by weight of polytetramethyleneetherglycol
(made by Mitsubishi Chemical  Corporation, PTMG2000, OHV 56, number of functional groups2),
PCL305 (10 parts by weight), diethylene glycol (10 parts by  weight), SH-192 (5 parts by weight), and
0.25 part by weight  of a catalyst (No.25) were introduced into a container and mixed  to prepare a second
component (25C). The second component was  stirred vigorously by a stirring blade for about 4 minutes
at  75 F-P07321TR(SG)  a revolution number of 900 rpm so as to incorporate bubbles into  the reaction
system. Thereafter, Millionate MTL (39 parts by  weight, 25C) as the first component was added to the
second  component(NCO/OH=1. 1), and stirred for about lminute to prepare  
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 EX-5030 (90 parts by weight), PCL305 (8 parts by weight), 

diethylene glycol (2 parts by weight), SH-192 (5 parts by weight), 

and 0.36 part by weight of a catalyst (No.25) were introduced 

into a container, and mixed to prepare a second component (25°C).  

The second component was stirred vigorously by a stirring blade 

for about 4 minutes at a revolution number of 900 rpm so as to 

incorporate bubbles into the reaction system.  Thereafter, 

Millionate MTL (21 parts by weight, 25°C) as the first component 

was added to the second component (NCO/OH=1.1), and stirred for 

about 1 minute to prepare a cell dispersed urethane composition.  

Thereafter, a layered sheet was produced in the same manner as 

in Example 1. 

[0189] 

Comparative Example 1 

 A cell dispersed urethane composition was prepared in the 

same manner as in Example 1.  The cell dispersed urethane 

composition was injected into a mold (width 800 mm, length 1300 

mm, height 35 mm).  Thereafter, the composition was heated at 

70°C to be reacted and cured.  Thereafter, the composition was 

post-cured at 70°C for 1 hour to obtain a polyurethane foam block.  

Thereafter, a layered sheet was produced in the same manner as 

in Example 1. 

[0190] 

Comparative Example 2 

 A polyurethane foam block was obtained in the same manner 

a cell dispersed urethane composition. Thereafter, a layered  sheet was produced in the same manner as
in Example 1.  [0187] Example 3 The cell dispersed urethane composition was prepared in  the same
manner as in Example 1. The cell dispersed urethane  composition was injected into a mold (width 800
mm, length 1300  mm, height 35 mm) until the height of liquid surface was set  to 31 mm (88 volume %).
Thereafter, the upper surface of the  mold was covered with an upper lid in which vent holes of 3 mm
were formed at an interval of 3 mm to clamp the mold.  Thereafter, the mold was put into a vacuum oven
where the  composition was heated at 70C to be reacted and cured. The  pressure was simultaneously
reduced to 80 kPa, and the state  is held until the mixed solution does not flow. The excessive
composition was discharged from the vent holes. Thereafter,  the composition was post-cured at 70C for
1 hour to obtain a  polyurethane foam block. Thereafter, a layered sheet was  produced in the same
manner as in Example 1. [0188]  Example 4 76 F-P07321TR(SG)  EX-5030 (90 parts by weight) ,
PCL305 (8 parts by weight) , diethylene glycol (2 parts by weight) , SH-192 (5 parts by weight) ,  and 0.36
part by weight of a catalyst (No.25) were introduced  into a container, and mixed to prepare a second
component (25 C) .  The second component was stirred vigorously by a stirring blade  for about 4 minutes
at a revolution number of 900 rpm so as to  incorporate bubbles into the reaction system. Thereafter,
Millionate MTL (21 parts by weight, 25C) as the first component  
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as in Example 1.  Using a band saw-type slicer (manufactured 

by Fecken Corporation), the polyurethane foam block was sliced 

so that the long axis of each of oval cells was perpendicular 

to the thickness direction to obtain a polyurethane foam sheet.  

Thereafter, a layered sheet was produced in the same manner as 

in Example 1. 

was added to the second component (NCO/OH=1.1), and stirred for  about 1 minute to prepare a cell
dispersed urethane composition.  Thereafter, a layered sheet was produced in the same manner as  in
Example 1. [0189]  Comparative Example 1 A cell dispersed urethane composition was prepared in the
same manner as in Example 1. The cell dispersed urethane  composition was injected into a mold (width
800 mm, length 1300  mm, height 35 mm) . Thereafter, the composition was heated at  70C to be reacted
and cured. Thereafter, the composition was  post-cured at 70C for 1 hour to obtain a polyurethane
foamblock.  Thereafter, a layered sheet was produced in the same manner as  in Example 1. [0190]
Comparative Example 2 A polyurethane foam block was obtained in the same manner  77
F-P07321TR(SG)  as in Example 1. Using a band saw-type slicer (manufactured  by Fecken
Corporation), the polyurethane foam block was sliced  so that the long axis of each of oval cells was
perpendicular  to the thickness direction to obtain a polyurethane foam sheet.  Thereafter, a layered sheet
was produced in the same manner as  in Example 1. 78 E n p F 0] ro N N  u v a rn~  C ~ m q M Ca'I ti 10
!~ F W ~ N  
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[0191] 

 As can be seen from Table 4, the layered sheet of the present 

invention has excellent property for adsorptively holding the 

material to be polished and has excellent durability, thereby 

having excellent stability of polishing rate for a long time. 

 

u N E a W N M a  N ~{ `.C F b F F F  k r 06  0ua  0O m, ino o n ~ n .NI 3. Ni .~.~ m .i m w  W W o W H
004J ro  00C 1W ^ 5 ' N N W O 0 'p m m N _ ~ U U U U SN si N H tmi  O'N43HN a a a a a f'  O 4 H O V ~
W W  ei N M 0 N ti N  Ti W W m W m W W W 6] W GXi U W U Gt 79 F-P07321TR(SG)  [0191] As can be
seen from Table 4, the layered sheet of the present  invention has excellent property for adsorptively
holding the  material to be polished and has excellent durability, thereby  having excellent stability of
polishing rate for a long time.  80 F-P07321TR(SG)  CLAIMS 1. A layered sheet comprising:  



a base material sheet; and a polyurethane foamed layer, wherein the polyurethane foamed layer has
spherical  interconnected cells, and each of the interconnected cells has  a surface in which circular
holes are formed. 2. The layered sheet according to claim 1, wherein an  average cell diameter of the
interconnected cells is 20 to 300  pm, and an average diameter of the circular holes is 100 pm or  less.
3. The layered sheet according to claim 1, wherein the  polyurethane foamed layer contains an
isocyanate component and  an active hydrogen-containing compound as a starting material
component, and the active hydrogen-containing compound contains  60 to 85 wt% of a
high-molecular-weight polyol having 2 to 4  functional groups and a hydroxy value of 20 to 100 mg
KOH/g. 4. The layered sheet according to claim 1, wherein the  polyurethane foamed layer contains an
isocyanate component and  an active hydrogen-containing compound containing a
high-molecular-weight polyol as a starting material component,  and the high-molecular-weight polyol
contains 20 to 100 wt % of 81  F-P07321TR(SG)  a polymer polyol containing polymer particles made
of  acrylonitrile and/or a styrene-acrylonitrile copolymer. 5. The layered sheet according to claim 4,
wherein the  polymer polyol has 2 to 4 functional groups and a hydroxy value  of 20 to 100 mg KOH/g.
6. The layered sheet according to claim 3, wherein the  active hydrogen-containing compound
contains 2 to 15 wt% of a  low-molecular-weight polyol having a hydroxy value of 400 to  1830 mg
KOH/g and/or low-molecular-weight polyamine having an  



amine value of 400 to 1870 mg KOH/g. 7. A process for producing a layered sheet comprising  the
steps of: preparing a cell dispersed urethane composition  containing an isocyanate component and
an active  hydrogen-containing compound containing 60 to 85 wt% of a  high-molecular-weight polyol
having 2 to 4 functional groups  and a hydroxy value of 20 to 100 mg KOH/g as a starting material
component by a mechanical foaming method; applying the cell dispersed urethane composition onto a
base material sheet; forming a polyurethane foamed layer having spherical  interconnected cells with
surfaces in which circular holes are  82 F-P07321TR(SG)  formed by curing the cell dispersed
urethane composition; and regulating a thickness of the polyurethane foamed layer  uniformly. 8. A
process for producing a layered sheet comprising  the steps of: preparing a cell dispersed urethane
composition  containing an isocyanate component and an active  hydrogen-containing compound
containing 60 to 85 wt% of a  high-molecular-weight polyol having 2 to 4 functional groups  and a
hydroxy value of 20 to 100 mg KOH/g as a starting material  component by a mechanical foaming
method; applying the cell dispersed urethane composition onto a  base material sheet; laminating a
release sheet on the cell dispersed urethane  composition; forming a polyurethane foamed layer
having spherical  



interconnected cells with surfaces in which circular holes are  formed by curing the cell dispersed
urethane composition while  making the thickness thereof uniform with a pressing means; and
releasing the release sheet on the polyurethane foamed  layer. 9. A process for producing a layered
sheet comprising  the steps of: 83 0 F-P07321TR(SG)  preparing a cell dispersed urethane
composition containing an isocyanate component and an active  hydrogen-containing compound
containing a polymer polyol  containing polymer particles made of acrylonitrile and/or a
styrene-acrylonitrile copolymer as a starting material  component by a mechanical foaming method;
applying the cell dispersed urethane composition onto a  base material sheet; forming a polyurethane
foamed layer having spherical  interconnected cells with surfaces in which circular holes are  formed
by curing the cell dispersed urethane composition; and regulating a thickness of the polyurethane
foamed layer  uniformly. 10. A process for producing a layered sheet comprising  the steps of:
preparing a cell dispersed urethane composition  containing an isocyanate component and an active
hydrogen-containing compound containing a polymer polyol  containing polymer particles made of
acrylonitrile and/or a  styrene-acrylonitrile copolymer as a starting material  component by a
mechanical foaming method; applying the cell dispersed urethane composition onto a  



base material sheet; laminating a release sheet on the cell dispersed urethane  84 0 F-P07321TR(SG)
composition; forming a polyurethane foamed layer having spherical  interconnected cells with surfaces
in which circular holes are  formed by curing the cell dispersed urethane composition while  making the
thickness thereof uniform with a pressing means; and releasing the release sheet on the polyurethane
foamed  layer. 11. A layered sheet produced by the process according  to any of claims 7 to 10. 12.
The layered sheet according to claim 11, wherein an  average cell diameter of the interconnected cells
is 20 to 300  pm, and an average diameter of the circular holes is 100 pm or  less. 85  






