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(57) ABSTRACT 

A leather-like sheet product comprising a substrate Which 
contains a bundle of ?ne ?bers, Wherein the substrate 
comprises (1) a ?rst substrate layer having a structure that it 
is composed of an elastic polymer and a bundle of ?ne ?bers 
and the elastic polymer surrounds the ?ber bundle and is not 
existent in the inside space of the ?ber bundle and (2) a 
second substrate layer (A) having a structure that it is 
composed of a bundle of ?ne ?bers or (ii) a second 
substrate layer (B) having a structure that it is composed of 
an elastic polymer and a bundle of ?ne ?bers, the elastic 
polymer surrounds the ?ber bundle and is not existent in the 
inside space of the ?ber bundle, and the total space area of 
all the voids in the elastic polymer surrounding the ?ber 
bundle is larger than that of the ?rst substrate layer, and (3) 
the structure of the ?rst substrate layer and the structure of 
the second substrate layer change continuously in the direc 
tion of thickness. 
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LEATHER-LIKE SHEET AND PROCESS FOR 
PRODUCTION THEREOF 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a leather-like sheet 
product and a production process therefor. More speci?cally, 
it relates to a soft grain leather-like sheet product Which has 
a high-quality appearance and yet no stretchy feel on the 
grain side, a grain arti?cial leather-like sheet product Which 
has on the grain side a similar touch to natural leather and 
?ne Wrinkles on the surface When it is bent and to a 
production process therefor. 

[0003] Further, the present invention relates to an arti?cial 
leather-like sheet product Which is soft and has loW resil 
iency and similar physical properties to natural leather 
though it has a strong sensation of preventing stretching and 
to a production process therefor. 

[0004] 2. Description of the Prior Art 

[0005] As a substitute for natural leather, arti?cial leather 
composed of ?bers and an elastic polymer is Widely used as 
a leather-like sheet product. HoWever, grain arti?cial leather 
having a grain side is superior to natural leather in physical 
properties but unsatisfactory in terms of appearance and 
feeling. 

[0006] For example, as grain arti?cial leather, there are 
knoWn arti?cial leather having a porous polyurethane layer 
formed as a surface layer by Wet coagulation on a substrate 
composed of ?ne ?bers and an elastic polymer (for example, 
JP-A 8-41786) (the term “JP-A” as used herein means an 
“unexarnined published Japanese patent application”) and 
arti?cial leather covered With an ordinary solid elastic 
polymer as a surface layer by larnination or gravure coating. 

[0007] HoWever, When the porous polyurethane layer 
formed by Wet coagulation is used, the ?bers contained in 
the surface layer are not completely surrounded by the 
polyurethane and the polyurethane layer cannot prevent the 
napping of the ?bers constituting the substrate completely. 
In addition, When a thick surface layer is formed to suppress 
napping and improve physical properties such as adhesion, 
the obtained arti?cial leather has a rubber-like feel and 
buckles signi?cantly. 

[0008] When the ordinary solid elastic polymer is directly 
applied to the substrate comprising ?bers by larnination or 
gravure coating, as the elastic polymer and the ?bers existent 
on the surface are bonded to each other, a layer Which is 
composed of the ?bers and the elastic polymer, has high 
density and hardly deforrns is formed on the bonding 
surface, thereby producing a stretchy feel. 

[0009] Even When the porous polyurethane layer formed 
by Wet coagulation is used, a surface layer speci?c to Wet 
coagulation is formed on the surface of the layer, thereby 
making it dif?cult to obtain gas permeability and moisture 
perrneability. Therefore, the pamphlet of WO94/20665 dis 
closes a method of forming open pores in the surface of 
arti?cial leather by applying a good solvent for an elastic 
polyrner forming the surface of a Wet type porous layer to 
the surface. Although a solid layer having open pores on the 
surface can be formed on this arti?cial leather, the surface 
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layer formed by the Wet process has many pores Which are 
various in shape and siZe such as a triangle, this porous layer 
cannot be made thin, and the feel of the elastic polyrner 
prevails. Further, as the open pores are relatively large and 
the solid layer is thin, the arti?cial leather is inferior in Water 
pressure resistance. 

[0010] When the ordinary solid elastic polymer is directly 
applied to the substrate comprising ?bers by larnination or 
gravure coating, as the elastic polymer and the ?bers existent 
on the surface are bonded to each other, a solid layer Which 
is composed of the ?bers and the elastic polymer, has high 
density and hardly deforrns is formed on the bonding 
surface, thereby producing a stretchy feel and reducing gas 
permeability and moisture perrneability. 

[0011] Although arti?cial leather is relatively superior to 
natural leather in physical properties, it is still inferior to 
high-grade natural leather in terms of appearance and feel 
ing. Various ?nishing methods have been studied to achieve 
a good appearance, and a large number of products similar 
to natural leather and appearances Which cannot be obtained 
from natural leather have been proposed. Although various 
studies on feeling have been made and extremely soft 
products have been proposed, a very soft product having loW 
resiliency and a loose (supple) feel Which are the charac 
teristic features of excellent natural leather is not obtained 
yet. 

[0012] For example, Japanese Patent No. 3155135 dis 
closes a process for producing a leather-like sheet product by 
forming a Web out of a composite ?ber Which is made from 
at least tWo different high molecular Weight polymers and is 
able to be made ?ne, needle punching the Web in the 
direction of thickness to form an entangled ?brous base 
material, irnpregnating the entangled ?brous base material 
With an elastic polyrner, coagulating the elastic polymer and 
making ?ne ?bers from the composite ?ber constituting the 
entangled ?brous base material. Although the leather-like 
sheet product obtained by this process is soft, it has a 
rubber-like feel With resiliency due to the characteristic 
properties of the irnpregnated elastic polyrner. Therefore, a 
very soft sheet product having a loose (supple) feel With loW 
resiliency Which is the excellent feel of natural leather 
cannot be realiZed. 

Problem to be Solved by the Invention 

[0013] It is therefore a ?rst object of the present invention 
to provide a soft grain leather-like sheet product having a 
high-quality appearance Which could not be achieved by the 
above grain leather-like sheet product of the prior art and yet 
no stretchy feel on the grain side, a grain leather-like sheet 
product Which has on the grain side a similar touch to natural 
leather and ?ne Wrinkles on the surface When it is bent and 
a production process therefor. 

[0014] It is a second object of the present invention to 
provide a grain leather-like sheet product Which has gas 
perrneability, rnoisture permeability and a high-quality 
appearance Which could not be achieved by the grain 
leather-like sheet product of the prior art and a production 
process therefor. 

[0015] It is a third object of the present invention to 
provide a leather-like sheet product Which has excellent 
rnoisture perrneability, Water pressure resistance and feel 
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Which could not be achieved by the leather-like sheet 
product of the prior art and a production process therefor. 

[0016] It is a fourth object of the present invention to 
provide a leather-like sheet product having physical prop 
erties similar to natural leather Which is soft and has loW 
resiliency though it has a strong sensation of preventing 
stretching Which could not be achieved by the leather-like 
sheet product of the prior art and a production process 
therefor. 

Means for Solving the Problems 

[0017] It has been found from studies conducted by the 
inventors of the present invention that the above objects of 
the present invention are attained by the folloWing leather 
like sheet product (I) and leather-like sheet product (II). 

Leather-Like Sheet Product (I) 

[0018] A leather-like sheet product comprising a substrate 
Which contains a bundle of ?ne ?bers, the substrate corn 
prising (1) a ?rst substrate layer having a structure that it is 
composed of an elastic polymer and a bundle of ?ne ?bers 
and the elastic polyrner surrounds the ?ber bundle and is not 
existent in the inside space of the ?ber bundle and (2) a 
second substrate layer (A) having a structure that it is 
essentially composed of a bundle of ?ne ?bers, Wherein (3) 
the structure of the ?rst substrate layer and the structure of 
the second substrate layer (A) change continuously in the 
direction of thickness. 

Leather-Like Sheet Product (II) 

[0019] A leather-like sheet product comprising a substrate 
Which contains a bundle of ?ne ?bers, the substrate corn 
prising (1) a ?rst substrate layer having a structure that it is 
composed of an elastic polymer and a bundle of ?ne ?bers 
and the elastic polyrner surrounds the ?ber bundle and is not 
existent in the inside space of the ?ber bundle and (2) a 
second substrate layer (B) having a structure that it is 
composed of an elastic polymer and a bundle of ?ne ?bers, 
the elastic polyrner surrounds the ?ber bundle and is not 
existent in the inside space of the ?ber bundle, and the total 
space area of all the voids in the elastic polyrner surrounding 
the ?ber bundle is larger than that of the ?rst substrate layer, 
Wherein (3) the structure of the ?rst substrate layer and the 
structure of the second substrate layer (B) change continu 
ously in the direction of thickness. 

[0020] The above leather-like sheet products (I) and (II) of 
the present invention are the same in that they comprise the 
?rst substrate layer and the second substrate layer and that 
the structures of their ?rst substrate layers are identical to 
each other. That is, the ?rst substrate layer is composed of 
an elastic polymer and a bundle of ?ne ?bers, and the elastic 
polyrner surrounds the ?ber bundle and is not existent in the 
inside space of the ?ber bundle. 

[0021] The structure of this ?rst substrate layer can be 
judged from an electron rnicrophotograph of the section of 
the leather-like sheet product When cut in a direction per 
pendicular to the surface of the sheet product. 

[0022] A detailed description is subsequently given of the 
structures and production processes of the leather-like sheet 
products (I) and (II) of the present invention. The leather 
like sheet product (I) is ?rst described before the leather-like 
sheet product (II). 
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[0023] The following terms mean the folloWing in this 
text. 

(i) Leather-Like Sheet Product or Sheet Product 

[0024] It is composed of a bundle of ?ne ?bers and an 
elastic polymer and comprises a ?rst substrate layer and a 
second substrate layer of the present invention. Therefore, it 
includes the leather-like sheet products (I) and (II). It also 
includes What has or does not have a surface layer on the 
surface of the ?rst substrate layer. 

(ii) Fiber Sheet 

[0025] This means a sheet composed of a ?ne ?ber 
forrning sea-island type ?ber consisting of tWo or more 
components Which differ from each other in solvent solu 
bility. The sheet is, for example, a nonWoven fabric corn 
posed of a sea-island type ?ber and not impregnated with an 
elastic polymer. The sea-island type ?ber is not made ?ne. 

1) Structure and Production Process of Leather-Like Sheet 
Product (I) 

[0026] The leather-like sheet product (I) has the folloWing 
features (1) to 

[0027] It comprises (1) a ?rst substrate layer having a 
structure that it is composed of an elastic polymer and a 
bundle of ?ne ?bers and the elastic polyrner surrounds the 
?ber bundle and is not existent in the inside space of the ?ber 
bundle and (2) a second substrate layer (A) having a 
structure that it is essentially composed of a bundle of ?ne 
?bers, Wherein (3) the structure of the ?rst substrate layer 
and the structure of the second substrate layer (A) change 
continuously in the direction of thickness. 

[0028] The above leather-like sheet product (I) (may be 
referred to as “sheet product (I)” hereinafter) is a sheet 
product Which is composed of a bundle of ?ne ?bers and an 
elastic polymer and has an irnpregnated layer in Which the 
elastic polyrner exists on one side of the sheet product as a 
layer and a non-irnpregnated layer in Which the elastic 
polyrner does not exist. The irnpregnated layer and the 
non-irnpregnated layer can be identi?ed from a rnicropho 
tograph of the section of the sheet product When cut in a 
direction perpendicular to the surface of the sheet product. 
The irnpregnated layer of this sheet product (I) has a 
structure that ?ne ?bers exist as an assembly and that the 
elastic polyrner surrounds the assembly and is not existent in 
the inside space of the assembly. MeanWhile, as the elastic 
polyrner does not exist in the non-irnpregnated layer, the 
layer is essentially composed of a bundle of ?ne ?bers. 

[0029] The ?ne ?bers forming the bundle of ?ne ?bers in 
the sheet product (I) have a ?neness of 0.2 dtex or less, 
preferably 0.1 dtex or less, particularly preferably 0.0001 to 
0.05 dtex. Examples of the ?ne ?bers include polyester 
?bers such as polyethylene terephthalate and polybutylene 
terephthalate ?bers and polyarnide ?bers such as nylon 6, 
nylon 66 and nylon 12 ?bers. The ?ber must exist as an 
assernbled ?ne ?ber Which a bundle of ?ne ?bers is 
assembled in the sheet product (I) of the present invention. 
The assembled ?ne ?bers are, for example, ?ne ?bers 
obtained by dissolving and removing the sea component of 
a rnulti-cornponent ?ber formed by spinning a polymer 
composition consisting of tWo or more components Which 
differ from each other in solvent solubility by cornposite 
spinning or blend spinning as a sea-island type ?ber. The ?ne 
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?bers form a bundle and one bundle consists of preferably 
10 to 5,000 ?ne ?bers, more preferably 100 to 2,000 ?ne 
?bers. 

[0030] The sheet product (I) of the present invention is 
composed of a bundle of ?ne ?bers and an elastic polyrner 
Whereas the ?ber sheet essentially composed of ?ne ?bers to 
be impregnated with an elastic polyrner may contain ?ne 
?bers partially and may not be composed of ?ne ?bers alone. 
This substrate may be a Woven fabric but preferably essen 
tially composed of a nonWoven fabric and partially contains 
or does not contain a Woven fabric as a reinforcement to 

improve its feel. 

[0031] Examples of the elastic polyrner used in the 
leather-like sheet product (I) of the present invention include 
polyurethane resin elastorner, polyurea elastorner, polyure 
thane resin polyurea elastorner, polyacrylic acid resin, 
acrylonitrile'butadiene elastorner and styrene'butadiene 
elastorner. Out of these, polyurethane resin-based polymers 
such as polyurethane resin elastorner, polyurea elastorner 
and polyurethane resin'polyurea elastorner are preferred. 

[0032] The elastic polyrner existent in the ?rst substrate 
layer (irnpregnated layer) has a 100% elastic modulus of 
preferably 200 to 5,000 N/crn2, more preferably 300 to 4,000 
N/crn2, particularly preferably 400 to 3,000 N/crn2. When 
the 100% elastic modulus is loWer than 200 N/crn2, the 
obtained substrate is very soft but may be inferior in heat 
resistance and solvent resistance. When the 100% elastic 
modulus is higher than 5,000 N/crn2, the obtained sheet 
product may have a hard feel. As means of adjusting the 
100% elastic modulus of the elastic polymer to a preferred 
range, for example, When a polyurethane resin elastorner is 
used, the 100% elastic modulus can be easily adjusted by 
controlling the content of an organic diisocyanate in the 
polymer and the amount of a chain extender. 

[0033] The elastic polymer of the ?rst substrate layer 
(irnpregnated layer) is preferably solid or independently 
porous. When it is a continuously porous polyrner obtained 
by Wet coagulation, its effect of preventing the stretching of 
the obtained leather-like sheet product tends to loWer. 

[0034] The leather-like sheet product (I) of the present 
invention comprises the ?rst substrate layer (irnpregnated 
layer) in Which the elastic polymer is existent up to a depth 
of 25 urn or more from one side and the second substrate 
layer (A) (non-irnpregnated layer) in Which the elastic 
polymer is not existent. The thickness of the ?rst substrate 
layer (irnpregnated layer) is preferably 25 to 300 urn, more 
preferably 50 to 250 urn, most preferably 75 to 200 urn from 
the surface. When the layer in Which the elastic polymer is 
existent is thin, the strength of the obtained sheet product 
becornes loW and the stretching preventing property during 
processing deteriorates With the result that the layer may 
elongate in the longitudinal direction. When the layer is 
thick, the obtained sheet product becornes strong With a tight 
feel but tends to become hard. Particularly When the elastic 
polymer of the irnpregnated layer having an excellent 
stretching preventing property is solid or independently 
porous, the obtained sheet product is apt to become harder 
than When a continuously porous elastic polymer is used. 
Therefore, the irnpregnated layer must be made thin. 

[0035] The Weight ratio of the ?ber to the elastic polymer 
in the ?rst substrate layer (irnpregnated layer) is in the range 
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of preferably 5:95 to 95:5, more preferably 10:90 to 50:50, 
particularly preferably 15:85 to 40:60. When the percentage 
of the elastic polymer is small, the strength of the obtained 
sheet product tends to loWer. When the percentage of the 
elastic polymer is large, the feel of the obtained sheet 
product becomes hard. Particularly When the elastic polymer 
is solid, a sheet product Which has high resiliency due to its 
characteristic properties may be obtained. 

[0036] The leather-like sheet product (I) of the present 
invention comprises a non-irnpregnated layer Which is the 
second substrate layer (A) essentially composed of a ?ber 
and containing no elastic polymer. In the present invention, 
the stress distributions of the front and rear surfaces are 
graded and Well balanced by the existence of the second 
substrate layer (A) to obtain a product Which has loW 
resiliency and an excellent feel. Further, the Weight of the 
?ber in the second substrate layer (A) is in the range of 
preferably 30 to 500 g/rn2, more preferably 40 to 400 g/rn2, 
particularly preferably 50 to 300 g/rn2. When the Weight of 
the second substrate layer (A) is loW, the obtained leather 
like sheet product has almost the same characteristic prop 
erties as the leather-like sheet product of the prior art and it 
may be dif?cult to obtain both the stretching preventing 
property and softness. When the Weight of the second 
substrate layer (A) is too high, there is no difference in 
Weight betWeen it and the nonWoven fabric and the stretch 
ing preventing property tends to deteriorate. 

[0037] The leather-like sheet product (I) of the present 
invention comprises an irnpregnated layer Which is the 
above ?rst substrate layer and a non-irnpregnated layer 
Which is the second substrate layer The most charac 
teriZing feature of the sheet product is a structure that ?ne 
?bers are existent as a ?ber bundle in the ?rst substrate layer 
and the elastic polyrner surrounds the ?ber bundle and is not 
existent in the inside space of the ?ber bundle. 

[0038] When the ?ne ?bers penetrate in the irnpregnated 
layer as ?ne single ?bers and-not as a ?ber bundle unlike the 
present invention, the ?ne single ?bers are densely existent 
in the elastic polymer and the elastic polyrner reinforced by 
the ?ne single ?bers is apt to become hard and rarely deforrn. 
Even When the ?ber and the elastic polyrner are not bonded 
to each other by some means, if the ?ber penetrates in the 
irnpregnated layer as a ?ne single ?ber, the distance betWeen 
the ?ne ?ber and the elastic polymer is short, the degree of 
freedom of the ?ber is loW, and a very hard layer structure 
may be formed. In contrast to this, When ?ne ?bers are 
existent as a ?ber bundle as in the present invention, as the 
density of the ?ne ?bers in the ?ber bundle becornes high, 
the space betWeen ?ne ?bers becomes large as compared 
With the total Weight of all the ?ne ?bers, the elastic polymer 
is existent as a large mass, develops its high elastic property 
and easily deforrns. In the present invention, as the elastic 
polyrner surrounds the ?ber bundle and is not existent in the 
inside space of the ?ber bundle, a softer structure having a 
large distance betWeen the bundle of ?ne ?bers and the 
elastic polymer and a high degree of freedom of the ?ber 
bundle is obtained, thereby realiZing a soft feel. 

[0039] Since the elastic polyrner surrounds the ?ber 
bundle in the leather-like sheet product (I) of the present 
invention, When the sheet product slightly deforrns, only the 
elastic polyrner deforrns and small stress is produced. When 
the sheet product deforrns more, this deformation is trans 
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mitted to the ?ber bundle Which is a reinforced ?ber and 
large stress is produced. To cause this phenomenon, the ?ber 
bundle must be completely surrounded by the elastic poly 
mer and preferably has an almost circular section if possible. 
For example, if the elastic polymer around the ?ber bundle 
cracks or if there is a portion or direction Where stress is 
hardly transmitted to the ?ber bundle in the space around the 
?ber bundle, the combined effect of the ?ber bundle and the 
elastic polymer Will be obtained only When the sheet product 
greatly deforms. 

[0040] Further, the bundle of ?ne ?bers accounts for 
preferably 40 to 80%, more preferably 45 to 70%, most 
preferably 45 to 60% of the total space area of all the voids 
in the elastic polymer surrounding the ?ber bundle in the 
section perpendicular to the surface of the leather-like sheet 
product When the total space of all the voids around the 
?ber bundle is too large, stress is hardly transmitted to the 
?ber bundle and the sensation of preventing stretching may 
be small. When the total space is too small, the obtained 
sheet product tends to become hard. To enable the ?ber 
bundle and the elastic polymer to take this structure, the ?rst 
substrate layer composed of the bundle of ?ne ?bers and the 
elastic polymer is preferably a solid layer or independent 
porous structure in Which voids are not continuous. 

[0041] The leather-like sheet product (I) of the present 
invention is very soft and has loW resiliency due to its 
structure. The bending recovery percentage Which is an 
index of loW resiliency of the sheet product is preferably 
75% or less, more preferably 60% or less, most preferably 
55% or less. The bending recovery percentage is obtained by 
placing a 1 cm-Wide sample in such a manner that its 
impregnated layer faces doWn, bending its 1 cm end portion 
at 180°, leaving it under a load of 9.8 N for 1 hour, removing 
the load and measuring its recovery percentage after 30 
seconds. When the sample returns to its original state, its 
bending recovery percentage is 100% and When it remains 
as it is, its bending recovery percentage is 0%. As the 
bending recovery percentage is smaller, the sample is softer 
and has loWer resiliency. 

[0042] It is also preferred that the leather-like sheet prod 
uct (I) of the present invention should have a suede-like or 
nubuck-like appearance With a grain layer or a nap on the 
surface. The grain leather-like sheet product is a leather-like 
sheet product having a structure that the ?rst substrate layer 
is existent on one surface side of the sheet product and this 
surface is a grained surface, and the napped leather-like 
sheet product is a leather-like sheet product having a struc 
ture that the ?rst substrate layer is existent on one surface 
side of the sheet product and the topmost surface on the side 
is a napped layer of ?ne ?bers. 

[0043] The leather-like sheet product (I) of the present 
invention can be obtained by the folloWing production 
process. That is, a process comprising the steps of 
applying an elastic polymer solution to one side of a ?ber 
sheet substantially composed of a ?ne ?ber-forming sea 
island type ?ber consisting of tWo or more components 
Which differs from each other in solvent solubility to form an 
impregnated layer, coagulating the elastic polymer and 
dissolving and removing the sea component by using a 
solvent Which can dissolve the sea component of the sea 
island type ?ber, or (ii) a process comprising the steps of 
applying an elastic polymer solution to a ?ber sheet com 
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posed of a ?ne ?ber-forming sea-island type ?ber consisting 
of tWo or more components Which differ from each other in 
solvent solubility in such a manner that a non-impregnated 
layer is formed in the center betWeen the both surfaces of the 
sheet to form impregnated layers, coagulating the elastic 
polymer, dissolving and removing the sea component by 
using a solvent Which can dissolve the sea component of the 
sea-island type ?ber, and slicing the sheet into tWo at the 
non-impregnated layer portion. 

[0044] By one of the above processes and (ii), there can 
be produced the leather-like sheet product (I) Which is soft, 
has loW resiliency and comprises the ?rst substrate layer 
having a structure that ?ne ?bers are existent as a ?ber 
bundle and the elastic polymer surrounds the ?ber bundle 
and is not existent in the inside space of the ?ber bundle and 
the second substrate layer (A) having a structure that it is 
substantially composed of ?ne ?bers. 

[0045] The ?ne ?ber-forming sea-island type ?ber con 
sisting of tWo or more components Which differ from each 
other in solvent solubility is, for example, a sea-island type 
?ber obtained by spinning a polymer composition consisting 
of tWo or more components Which differs from each other in 
solvent solubility by composite spinning or blend spinning. 
The ?neness of the island component Which does not need 
to be particularly speci?ed is preferably 0.2 dtex or less, 
more preferably 0.1 dtex or less, particularly preferably 
0.0001 to 0.05 dtex. 

[0046] As for a preferred combination of the tWo or more 
components Which differ from each other in solvent solu 
bility of the polymer composition, When a polyester such as 
polyethylene terephthalate or polybutylene terephthalate is 
selected as an insoluble component, a polyole?n such as 
polyethylene, polypropylene or polystyrene is preferably 
used as a soluble component and When a polyamide such as 
nylon 6, nylon 66 or nylon 12 is selected as an insoluble 
component, a polyester or polyole?n is preferably used as a 
soluble component. 

[0047] The ?ber sheet substantially composed of the 
above ?ne ?ber-forming sea-island type ?ber is not particu 
larly limited if it is a sheet and may be a knitted fabric or 
nonWoven fabric but preferably essentially composed of a 
nonWoven fabric from the vieWpoint of feeling. For 
example, to obtain a nonWoven fabric from ?bers, a knoWn 
card, layer, needle rocker or ?uid entangling machine may 
be used to produce a ?nely entangled nonWoven fabric 
having a high density of entangled ?bers. 

[0048] Prior to the application of an elastic polymer solu 
tion to the nonWoven fabric ?ber sheet obtained by entan 
gling ?bers, the surface of the sheet composed of a sea 
island type ?ber is preferably pressed at a temperature equal 
to or higher than the softening temperature of the sea 
component constituting the sea-island type ?ber and loWer 
than the softening temperature of the island component to 
adjust the thickness and surface of the sheet. By adjusting 
the thickness of the sheet, the thickness of the ?nally 
obtained product can be controlled. Further, by adjusting the 
surface of the sheet, the surface ?atness of the product can 
be controlled as Well. By adjusting heating and pressure 
conditions, the in?ltration of the elastic polymer solution 
can be controlled. When the adjusted surface forms a ?lm by 
fusion, the elastic polymer solution is rarely in?ltrated and 
When a ?lm is not formed by fusion and the ?ber density of 
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the topmost surface is loW, the elastic polymer solution is 
Well in?ltrated into the sheet. 

[0049] In the present invention, an impregnated layer 
containing the elastic polymer surrounding the sea-island 
type ?ber Without a space therebetWeen must be formed in 
an area from one adjusted surface to a depth of 25 to 300 pm 
of the obtained ?ber sheet composed of a ?ne ?ber-forming 
sea-island type ?ber. For example, the thickness of the 
impregnated layer is adjusted by controlling the in?ltration 
of the elastic polymer solution into the ?ber sheet. 

[0050] Independent bubbles such as air bubbles may be 
partially existent around the ?ber but it is basically preferred 
that there should be no space betWeen the sea-island type 
?ber and the elastic polymer. When there is a space ther 
ebetWeen, the elastic polymer cannot surround the bundle of 
?ne ?bers completely in the end. It is more preferred that the 
?ber and the elastic polymer should not be bonded to each 
other and that there should be no space therebetWeen. 

[0051] To form this impregnated layer, the process for 
coagulating the elastic polymer solution is preferably a dry 
process. For example, a coating technique for applying the 
elastic polymer to the ?ber sheet directly or a lamination 
technique for applying the elastic polymer solution to a 
transfer sheet and impregnating a ?ber sheet With an adhe 
sive layer may be used. Preferably, an organic solvent 
solution or dispersion (including an aqueous emulsion) of 
the elastic polymer is applied to one side of the ?ber sheet 
to be fully in?ltrated into the ?ber sheet and coagulated by 
heating and drying. To adjust the depth of the impregnated 
layer, the number of times of application is preferably more 
than one. For example, the solution or dispersion is applied 
2 to 5 times and dried to increase the amount of the elastic 
polymer impregnated into a portion near the surface layer 
and improve the feeling of the ?ber sheet. 

[0052] The concentration of the elastic polymer solution to 
be applied is preferably 5 to 50 Wt %, more preferably 7 to 
30 Wt %, most preferably 10 to 20 Wt %. When the 
concentration is loWer than 5 Wt %, the viscosity of the 
elastic polymer solution becomes too loW, Whereby it is 
in?ltrated into the base material too much or ?oWs over the 
surface of the ?ber sheet, thereby making it impossible to 
in?ltrate the solution into the ?ber sheet uniformly and 
dif?cult to process the obtained ?ber sheet. Even When it can 
be applied properly, the impregnated layer is often as thick 
as 25 pm or less from one side of the ?ber sheet. As the 
concentration of the solution becomes higher, the viscosity 
of the elastic polymer solution tends to become higher, the 
viscosity and the in?ltration of the solution into the ?ber 
sheet cannot be Well balanced, and it is dif?cult to apply the 
elastic polymer uniformly. Particularly When the concentra 
tion is too high, the amount of the elastic polymer becomes 
too large, Whereby the obtained product may have high 
resiliency and a tight feel and it is dif?cult to obtain a soft, 
loW-resiliency sheet product Which the present invention is 
directed to. 

[0053] The in?ltration of the elastic polymer solution into 
the ?ber sheet can be controlled by the viscosity and surface 
tension of the elastic polymer solution applied herein. The 
viscosity of the elastic polymer solution can be controlled by 
adjusting its concentration or using a general thickener. The 
surface tension of the elastic polymer solution can be 
controlled by adding various additives to the solution. 
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[0054] In the present invention, the impregnated layer 
existent surface is preferably given a suitable leather-like 
appearance and a surface layer may be formed to this end. 
Any knoWn process may be employed to form the surface 
layer. 
[0055] In the production process, a solvent Which dis 
solves the sea component of the sea-island type ?ber is used 
to remove the sea component. This solvent must not dissolve 
the island component of the ?ne ?ber, may dissolve a small 
amount of the elastic polymer used in the impregnated layer 
and preferably does not dissolve the elastic polymer if 
possible. By removing the sea component of the sea-island 
type ?ber, the elastic polymer is not bonded to the ?ne ?ber 
consisting of the island component in the impregnated layer. 
Stated more speci?cally, for example, When nylon is used as 
the island component and polyethylene is used as the sea 
component, toluene is preferably used. In order to increase 
extraction ef?ciency, it is preferred to use a heated solvent. 

[0056] In the production process of the present invention, 
there is also proposed a process comprising the steps of 
forming an impregnated layer comprising the elastic poly 
mer surrounding the sea-island type ?ber Without a space 
therebetWeen in areas from the both surfaces to a depth of 25 
to 300 pm of a ?ber sheet composed of a ?ne ?ber-forming 
sea-island type ?ber consisting of tWo or more components 
Which differ from each other in solvent solubility, dissolving 
and removing the sea component by using a solvent Which 
can dissolve the sea component of the sea-island type ?ber, 
and slicing the sheet at the center portion (non-impregnated 
layer) in the direction of thickness. 

[0057] High productivity and high stable processability 
for a thin sheet are obtained by this slicing. In the process for 
producing a thin leather-like sheet product of the present 
invention by using only a half portion of the ?ber sheet, a 
processing problem such as Wrinkling due to the softness of 
the ?ber sheet or elongation caused by mechanical tension 
tends to occur in the step of removing the sea component by 
using the solvent Which dissolves the sea component of the 
sea-island type ?ber. A ?ber sheet impregnated With a resin 
on both sides does not Wrinkle and has stable processability. 
Since there is no non-impregnated portion in contact With 
the surface of a roll under processing in the both-side 
impregnation process, the obtained product rarely has a nap 
on the surface and process stability tends to be high. 

[0058] A leather-like sheet product having a nap on the 
surface as an example of the thus obtained leather-like sheet 
product (I) can be obtained by napping by gravure coating 
the impregnated layer existent surface With the elastic poly 
mer and buffing and optionally applying a dye or softening 
agent to be rubbed. 

[0059] A leather-like sheet product having a grain layer on 
the surface as another example of the obtained leather-like 
sheet product (I) can be obtained by forming an elastic 
polymer surface layer having a suitable leather-like appear 
ance on the impregnated layer existent surface. Any knoWn 
method may be employed to form the surface layer. For 
example, a solution or dispersion of the elastic polymer is 
laminated With or coated on the sheet product to form a grain 
surface layer. It is also preferred to gravure coat the thus 
obtained grain surface With the elastic polymer or to emboss 
the grain surface as required to further adjust the topmost 
surface. 
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[0060] In the production process of the present invention, 
it is preferred to rub the thus obtained sheet product. To rub 
the sheet product, it is held by clamps and one of the clamps 
is driven to deform the sheet by rubbing, or it is let pass 
betWeen stays having tWo combined projections to be 
unbind by rubbing While the projections are forced into the 
sheet product. 

[0061] The thus obtained leather-like sheet product (I) of 
the present invention has a strong sensation of preventing 
stretching, loW resiliency and a very soft loose feel Which 
are the features of natural leather and cannot be obtained 
from the leather-like sheet product of the prior art. 

2) Structure and Production Process of Leather-Like Sheet 
Product (II) 

[0062] The leather-like sheet product (II) has the folloW 
ing features (1) to 

[0063] It comprises (1) a ?rst substrate layer having a 
structure that it is composed of an elastic polymer and a 
bundle of ?ne ?bers and the elastic polymer surrounds the 
?ber bundle and is not existent in the inside space of the ?ber 
bundle and (2) a second substrate layer (B) having a struc 
ture that it is composed of an elastic polymer and a bundle 
of ?ne ?bers, the elastic polymer surrounds the ?ber bundle 
and is not existent in the inside space of the ?ber bundle, and 
the total space area of all the voids in the elastic polymer 
surrounding the ?ber bundle is larger than that of the ?rst 
substrate layer, Wherein (3) the structure of the ?rst substrate 
layer and the structure of the second substrate layer (B) 
change continuously in the direction of thickness. 

[0064] The above leather-like sheet product (II) (to be 
referred to as “sheet product (11)” hereinafter) comprises the 
?rst substrate layer having a structure that the elastic poly 
mer surrounds the bundle of ?ne ?bers and is not existent in 
the inside space of the ?ber bundle and the second substrate 
layer (B) having a structure that the elastic polymer sur 
rounds the bundle of ?ne ?bers and is not existent in the 
inside space of the ?ber bundle and the total space area of 
all the voids in the elastic polymer surrounding the ?ber 
bundle is larger than that of the ?rst substrate layer. 

[0065] The total space area of all the voids in the elastic 
polymer surrounding the bundle of ?ne ?bers in the ?rst 
substrate layer and the second substrate layer (B) can be 
knoWn from a microphotograph of the section of the sheet 
product When cut in a direction perpendicular to the surface 
of the sheet product. That is, although the bundle of ?ne 
?bers is surrounded by the elastic polymer in the ?rst 
substrate layer and the second substrate layer (B), the area 
ratio of the bundle of ?ne ?bers to the total space of all the 
voids in the second substrate layer (B) is larger than that of 
the ?rst substrate layer. In other Words, the ratio of the area 
of the bundle of ?ne ?bers to the total space area of all the 
voids in the elastic polymer surrounding the bundle of ?ne 
?bers in the second substrate layer (B) is smaller than that 
of the ?rst substrate layer. 

[0066] The bundles of ?ne ?bers forming the ?rst sub 
strate layer and the second substrate layer (B) in the leather 
like sheet product (II) of the present invention are formed by 
dissolving and removing the sea component from the ?ne 
?ber-forming sea-island type ?ber consisting of tWo or more 
components Which differs from each other in solvent solu 
bility by using a solvent Which dissolves the sea component 
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as obvious from the process for producing a leather-like 
sheet product Which Will be described in detail hereinafter. 

[0067] The ?neness and type of the ?ber forming the 
bundle of ?ne ?bers in the leather-like sheet product (II) are 
substantially the same as those of the above-described sheet 
product That is, the ?ber forming the bundle of ?ne ?bers 
in the sheet product (II) has a ?neness of 0.2 dtex or less, 
preferably 0.1 dtex or less, particularly preferably 0.0001 to 
0.05 dtex. Examples of the ?ne ?ber include polyester ?bers 
such as polyethylene terephthalate and polybutylene tereph 
thalate ?bers; and polyamide ?bers such as nylon 6, nylon 
66 and nylon 12 ?bers. The ?ber must exist as a bundle of 
?ne ?bers. The assembled ?ne ?bers are, for example, ?ne 
?bers obtained by dissolving and removing the sea compo 
nent of a multi-component ?ber formed by spinning a 
polymer composition consisting of tWo or more components 
Which differ from each other in solvent solubility as a 
sea-island type ?ber by composite spinning or blend spin 
ning. The ?ne ?bers form a bundle and one bundle consists 
of preferably 10 to 5,000 ?ne ?bers, more preferably 100 to 
2,000 ?ne ?bers. 

[0068] The sheet comprising a bundle of ?ne ?bers is not 
particularly limited if it is a sheet product comprising the 
above bundle of ?ne ?bers, and not all but some of the ?bers 
may each consist of a bundle of ?ne ?bers. This substrate 
may be a Woven fabric but preferably essentially composed 
of a nonWoven fabric and partially contains or does not 
contain a Woven fabric as a reinforcement to improve its 
feel. 

[0069] The second substrate layer (B) of the sheet product 
(II) is preferably a sheet product comprising the elastic 
polymer ?lled in the ?ber bundle. In this case, the amount of 
the elastic polymer ?lled in the ?ber is preferably 30 to 80 
Wt %, most preferably 40 to 60 Wt %. 

[0070] Examples of the elastic polymer to be ?lled include 
polyurethane elastomer, polyurea elastomer, 
polyurethane'polyurea elastomer, polyacrylic acid resin, 
acrylonitrile'butadiene elastomer and styrene'butadiene 
elastomer. Out of these, polyurethane-based polymers such 
as polyurethane elastomer, polyurea elastomer and 
polyurethane'polyurea elastomer are preferred. 

[0071] The elastic polymer of the second substrate layer 
(B) may be the same as or different from the elastic polymer 
of the ?rst substrate layer Which Will be described herein 
after but preferably a porous elastic polymer different from 
the elastic polymer of the ?rst substrate layer. That is, the 
second substrate layer (B) is composed of a bundle of ?ne 
?bers and an elastic polymer Which is most preferably a 
porous polyurethane prepared by Wet coagulation. 

[0072] The 100% elongation modulus of the elastic poly 
mer used in the above second substrate layer (B) is prefer 
ably 390 to 3,000 N/cm2. When the 100% elongation 
modulus is loWer than 390 N/cm2, the obtained sheet prod 
uct is very soft but may be inferior in heat resistance and 
solvent resistance. When the 100% elongation modulus is 
higher than 3,000 N/cm2, the obtained sheet product may 
have a hard feel. To adjust the 100% elongation modulus of 
the elastic polymer to a preferred range, for example, When 
a polyurethane elastomer is used, the 100% elongation 
modulus can be easily controlled by adjusting the content of 
an organic diisocyanate in the polymer and the amount of a 
chain extender. 
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[0073] The leather-like sheet product (II) of the present 
invention has the ?rst substrate layer on the front surface 
side of the second substrate layer Examples of the 
elastic polymer used in the ?rst substrate layer include 
polyurethane elastomer, polyurea elastomer, 
polyurethane'polyurea elastomer, polyacrylic acid resin, 
acrylonitrile'butadiene elastomer and styrene'butadiene 
elastomer. Out of these, polyurethane-based polymers such 
as polyurethane elastomer, polyurea elastomer and polyure 
thane-polyurea elastomer are preferred. The 100% elonga 
tion modulus of the elongation polymer is preferably 390 to 
1,500 N/cm2. When the 100% elongation modulus is loWer 
than 390 N/cm2, the obtained leather-like sheet product is 
very soft but may be inferior in abrasion resistance, heat 
resistance and solvent resistance. When the 100% elonga 
tion modulus is higher than 1,500 N/cm2, the obtained 
leather-like sheet product may have a hard feel and may be 
inferior in ?exing resistance and hardness at a loW tempera 
ture. 

[0074] The elastic polymer used in the ?rst substrate layer 
preferably has high solvent resistance. More speci?cally, it 
has a Weight reduction of preferably 15 Wt % or less, more 
preferably 10 Wt % or less, most preferably 7 Wt % or less 
after it is immersed in toluene heated at 80° C. for 3 minutes. 

[0075] The elastic polymer used in the ?rst substrate layer 
preferably has DMF dissolubility in addition to toluene 
dissolubility as solvent resistance. The elastic polymer is, for 
example, a crosslinked elastic polymer such as a tWo-liquid 
type polyurethane. When the elastic polymer has DMF 
dissolubility, Wet polyurethane resin dissolved in DMF may 
be treated in any stage to reinforce the second substrate 
layer. 

[0076] The most characteriZing feature of the leather-like 
sheet product (II) of the present invention Which comprises 
the ?rst substrate layer and the second substrate layer (B) is 
that ?ne ?bers are existent as a ?ber bundle and the elastic 
polymer surrounds the ?ber bundle and is not existent in the 
inside space of the ?ber bundle in the ?rst substrate layer and 
the second substrate layer On the contrary, When the ?ne 
?bers are directly existent as ?ne single ?bers and not as a 
?ber bundle, the ?ne single ?bers are densely existent 
betWeen elastic polymer portions and the elastic polymer 
reinforced With the ?ne single ?bers hardly deforms. The 
distance betWeen the ?ne single ?ber and the elastic polymer 
is short and the ?ber and the elastic polymer have a loW 
degree of freedom, Whereby a solid layer structure is apt to 
be formed. In contrast to this, When the ?ne ?bers are 
existent as a ?ber bundle, the elastic polymer surrounds the 
?ber bundle and is not existent in the inside space of the ?ber 
bundle, Whereby the space betWeen ?bers is large as com 
pared With the Weight of the ?ber, and the elastic polymer 
not reinforced With the ?ber is existent as a relatively large 
mass, develops its high elastic property and easily deforms. 
A softer structure having a large distance betWeen the ?ne 
?ber and the elastic polymer and a high degree of freedom 
of the ?ber is obtained, thereby realiZing a soft feel. 

[0077] Since the elastic polymer surrounds the ?ber 
bundle in the sheet product (II) of the present invention, 
When the sheet product (II) slightly deforms, only the elastic 
polymer deforms and small stress is produced. When the 
sheet product (II) greatly deforms, this deformation is trans 
mitted to the ?ber bundle surrounded by the elastic polymer 
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Which is a reinforced ?ber and large stress is produced. To 
cause this phenomenon, the ?ber bundle must be completely 
surrounded by the elastic polymer and preferably has an 
almost circular section if possible. For example, if the elastic 
polymer around the ?ber bundle cracks or if there is a 
portion or direction Where stress is hardly transmitted to the 
?ber bundle in the space around the ?ber bundle, the 
combined effect of the ?ber and the elastic polymer Will be 
obtained only When the elastic polymer greatly deforms. 

[0078] In the section perpendicular to the surface of the 
sheet product (II), the bundle of ?ne ?bers accounts for 
preferably 40 to 80%, more preferably 45 to 70%, most 
preferably 45 to 60% of the total space area of all the voids 
in the elastic polymer surrounding the ?ber bundle in the 
?rst substrate layer. 

[0079] In the section perpendicular to the surface of the 
sheet product (II), the area ratio of the ?ber bundle to the 
total space of all the voids in the elastic polymer surrounding 
the ?ber bundle in the second substrate layer (B) is prefer 
ably smaller than that of the ?rst substrate layer. The ?ber 
bundle accounts for preferably less than 40%, particularly 
preferably 35% or less of the total space area of all the voids 
in the elastic polymer. When the total space of all the voids 
around the ?ber bundle is too large, stress may be hardly 
transmitted to the ?ber bundle and the obtained sheet 
product may have a loW sensation of preventing stretching 
and When the total space of all the voids is too small, the 
obtained sheet product may become hard. 

[0080] The density of the ?rst substrate layer of the 
leather-like sheet product (II) of the present invention is 
preferably 0.6 g/cm3 or more, more preferably 0.8 g/cm3 or 
more, most preferably 1.0 g/cm3 or more. The upper limit of 
density Which depends on the density of the elastic polymer 
is generally 1.4 g/cm3or less. When the density is too loW, 
the elastic polymer readily deforms more than required and 
the obtained sheet product may have a loW sensation of 
preventing stretching. The thickness of the ?rst substrate 
layer is preferably 10 to 200 pm, most preferably 20 to 100 
pm. When the ?rst substrate layer has a loW density and a 
small thickness, surface physical properties may deteriorate 
and When the ?rst substrate layer has a high density and a 
large thickness, the obtained sheet product impairs its high 
grade appearance such as ?nely Wrinkles, When it is bent. 

[0081] The ?rst substrate layer of the sheet product (II) of 
the present invention may have a thin surface layer on the 
surface Which can prevent the formation of a napped layer 
of ?ne ?bers on the surface. 

[0082] All or part of the surface layer is preferably made 
of a crosslinked polymer. By using the crosslinked polymer, 
the surface strength and solvent resistance of the surface 
layer can be improved. 

[0083] A description is subsequently given of the process 
for producing the leather-like sheet product (II) of the 
present invention. The leather-like sheet product (II) can be 
produced by impregnating a ?ber sheet composed of a ?ne 
?ber forming sea-island type ?ber consisting of tWo or more 
components Which differ from one another in solvent solu 
bility With a solution of an elastic polymer (a), coagulating 
the elastic polymer to obtain a sheet material, forming a 
surface layer made of an elastic polymer (b) Which sur 
rounds the sea-island type ?ber in the surface layer of the 
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sheet material Without a space therebetWeen on the surface 
of the sheet material, and dissolving and removing the sea 
component by using a solvent Which can dissolve the sea 
component of the sea-island type ?ber. 

[0084] The ?ber sheet composed of the ?ne ?ber forming 
sea-island type ?ber is identical to What has been described 
in the process for producing the above sheet product (I) and 
therefore, its description is omitted. 

[0085] The sheet material is manufactured by impregnat 
ing the ?ber sheet With the solution of the elastic polymer (a) 
and coagulating the elastic polymer (a). The second sub 
strate layer (B) is formed by the coagulation of this elastic 
polymer (a). Then, the surface layer made of the elastic 
polymer (b) Which surrounds the sea-island type ?ber in the 
surface layer of the sheet material Without a space therebe 
tWeen is formed on the surface of the sheet material. This 
surface layer becomes the ?rst substrate layer by dissolving 
and removing the sea component in the folloWing step. 

[0086] The elastic polymer (a) to be impregnated into the 
?ber sheet is preferably changed into a porous elastic 
polymer, most preferably a porous elastic polymer having a 
density of 0.5 g/cm3 or less as obtained by a knoWn poly 
urethane Wet coagulation method. 

[0087] In the production process of the present invention, 
the surface layer made of the elastic polymer (b) Which 
surrounds the sea-island type ?ber Without a space therebe 
tWeen must be formed on the substrate comprising the ?ne 
forming sea-island type ?ber. Independent pores such as air 
bubbles may be partially existent around the ?ber but it is 
basically preferred that there should be no space betWeen the 
sea-island type ?ber and the elastic polymer. When there is 
a space betWeen the sea-island type ?ber and elastic poly 
mer, the elastic polymer (b) cannot surround the bundle of 
?ne ?bers completely in the end. It is more preferred that the 
?ber and the elastic polymer should not be bonded to each 
other and that there should be no space therebetWeen. 

[0088] To form the surface layer, a solution or dispersion 
of the elastic polymer (b) is laminated With or coated on the 
base material. Most preferably, it is laminated With the base 
material. Stated more speci?cally, for example, a solution of 
the elastic polymer (b) is cast over release paper and dried 
to form a ?lm, a solution of the elastic polymer Which Will 
become an adhesive layer thereafter is applied to the release 
paper again and laminated With the base material before the 
solution becomes dry, and dried and bonded to the base 
material by heating. In this case, the surface layer consists of 
a layer containing the sea-island type ?ber and a layer 
containing no sea-island type ?ber. Even When the surface 
layer is thin, a napped layer of the ?ber is not exposed to the 
surface advantageously. 

[0089] The elastic polymer (b) used in the ?rst substrate 
layer of the present invention may be identical to the elastic 
polymer (a) preferably used to form the above second 
substrate layer. The elastic polymer (b) preferably has a 
100% elongation modulus of 390 to 1,500 N/cm2. When the 
100% elongation modulus is loW, the obtained leather-like 
sheet product (II) is very soft but may be inferior in abrasion 
resistance, heat resistance and solvent resistance. When the 
100% elongation modulus is high, the obtained leather-like 
sheet (II) may have a hard feel and may be inferior in ?exing 
resistance and hardness at a loW temperature. 

Jan. 12, 2006 

[0090] The elastic polymers (a) and (b) preferably have a 
Weight reduction of 15 Wt % or less after they are immersed 
in a solvent Which can dissolve only the sea component of 
the sea-island type ?ber as used in the later step. The Weight 
reduction is more preferably 10 Wt % or less, most prefer 
ably 7 Wt % or less. As the Weight reduction becomes 
smaller, the surface appearance after the treatment may 
become better. When the Weight reduction is too large, a 
dissolution phenomenon occurs in the solvent Which dis 
solves only the sea component of the sea-island type ?ber, 
thereby making it difficult to maintain the surface appear 
ance of the sheet product. 

[0091] It is preferred to use an elastic polymer as the 
elastic polymer (b) Which expands in the solvent Which 
dissolves only the sea component of the sea-island type ?ber 
at an area expansion coefficient of 2 to 160% and returns to 
almost its original form at an area change rate of 5% or less 
When the solvent is removed. Since part or most of a portion 
having a loW molecular Weight or a portion having solubility 
in the solvent of the elastic polymer having a large area 
expansion coef?cient in the solvent Which can dissolve the 
sea component of the sea-island ?ber is dissolved in the 
solvent, the shape of the ?lm may not be able to be 
maintained. When the above phenomenon does not occur 
and the elastic polymer has a large area expansion coef?cient 
in the solvent Which dissolves only the sea component of the 
sea-island type ?ber, the elastic polymer greatly deforms at 
the time of its expansion, and the marks of Wrinkles remain 
on the surface at random after the treatment With the result 
that an unstable sheet product having a poor appearance may 
be obtained. 

[0092] To obtain the Weight reduction and area expansion 
coef?cient, a 200 pm-thick ?lm of the elastic polymer is 
formed and immersed in the solvent Which can dissolve the 
sea component of the sea-island type ?ber for 3 minutes to 
measure its area and dry Weight. For example, When poly 
ethylene is used as the sea component, toluene is used as the 
solvent for measurement. The measurement temperature 
may be a temperature at the time of the treatment. For 
example, When hot toluene is used, 80° C. is suitable. 

[0093] In the production process of the present invention, 
the sea component is then removed by using the solvent 
Which dissolves the sea component of the sea-island type 
?ber. The solvent must not dissolve the island component of 
the ?ne ?ber and may dissolve a small amount of the elastic 
polymer but preferably does not dissolve it if possible. By 
removing the sea component of the sea-island type ?ber, the 
elastic polymer is not bonded to the bundle of ?ne ?bers 
Which are composed of the island component. Stated more 
speci?cally, for example, When nylon is used as the island 
component and polyethylene is used as the sea component, 
toluene is preferably used. To enhance extraction ef?ciency, 
it is also preferred to use a heated solvent. 

[0094] It is preferred that the sheet material portion should 
be shrunk from its original area When the sea component of 
the sea-island type ?ber is removed. The shrinkage of the 
sheet material portion can be controlled by the density of a 
nonWoven fabric constituting the sheet material and the 
modulus and amount of the elastic polymer impregnated into 
the nonWoven fabric. When the density of the nonWoven 
fabric is loW, the modulus of the elastic polymer is loW and 
the amount of the elastic polymer is small, the sheet material 
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portion tends to greatly shrink. On the contrary, When the 
density of the nonWoven fabric is high, the modulus of the 
elastic polymer is high and the amount of the elastic polymer 
is large, the sheet material portion tends to hardly shrink. 
The sheet material portion is preferably shrunk by 2 to 20% 
of its original area by optimiZing these conditions. It is 
shrunk by more preferably 2 to 12%, most preferably 2 to 
7%. 

[0095] Although the elastic polymer expands in the sol 
vent Which can dissolve the sea component of the ?ber at an 
area expansion coef?cient of 2 to 100%, it is preferred that 
When the solvent is removed, the elastic polymer should 
return to almost its original form at an area change rate of 
preferably 5% or less, more preferably 2% or less. 

[0096] The value obtained by subtracting the shrinkage 
factor of the surface layer from the shrinkage factor of the 
sheet material is preferably 1 to 25%. It is more preferably 
20% or less, most preferably 2 to 10%. When the shrinkage 
factor of the sheet material is larger than the shrinkage factor 
of the surface layer, as the sheet material shrinks from the 
original area of the surface layer, a soft sheet product Which 
has a surface layer With a slight surplus feel and no stretchy 
feel on the grain side can be obtained. When the shrinkage 
of the sheet material from the original area of the surface 
layer is small, the area difference betWeen the surface layer 
and the sheet material is small, Whereby the surface layer has 
almost no surplus feel and the grain layer has a stretchy feel. 
When the shrinkage of the sheet material from the original 
area of the surface layer is too large, the area difference 
betWeen the surface layer and the sheet material is too large, 
Whereby many Wrinkles are produced due to the surplus of 
the surface layer With the result of a poor appearance. 

[0097] The obtained leather-like sheet product (II) may be 
gravure coated With an elastic polymer or embossed to 
further adjust its topmost surface. In the production process 
of the present invention, it is also preferred to rub the thus 
obtained sheet product. To rub the sheet product, for 
example, it is held by clamps and one of the clamps is driven 
to deform the sheet by rubbing, or it is let pass betWeen stays 
having tWo combined projections to be unbind by rubbing 
While the projections are forced into the sheet product. 

[0098] The thus obtained leather-like sheet product (II) of 
the present invention is soft Without a stretchy feel on the 
grain side While it has a high-quality appearance and has a 
surplus feel on the grain side and small Wrinkles When it is 
bent. 

3) Structure and Formation of Surface Layer 

[0099] A surface layer may be formed on the surfaces of 
the ?rst substrate layers of the leather-like sheet products (I) 
and (II) of the present invention. The structure and form of 
the surface layer can be selected according to the purpose 
and use of the leather-like sheet product. The surface layer 
is, for example, a solid surface layer, (ii) a porous surface 
layer, (iii) a composite surface layer consisting of a solid 
layer and a porous layer or (iv) a surface layer having a 
suede-like appearance. The structures and formation pro 
cesses of these surface layers Will be described hereinbeloW. 

(i) Solid Surface Layer 
[0100] When the surface layer is a solid surface layer, the 
leather-like sheet product consists of the solid surface layer, 
the ?rst substrate layer and the second substrate layer in the 
mentioned order. 
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[0101] The solid surface layer may be a layer Which is 
generally formed on the surface of arti?cial leather and can 
be formed by laminating or coating a solution or dispersion 
of an elastic polymer on the sheet material. The thickness of 
the solid surface layer is 1 to 200 pm, preferably 3 to 100 
pm, particularly preferably 5 to 50 pm. The most preferred 
method of forming the solid surface layer on the sheet 
material is lamination. Stated more speci?cally, for example, 
a solution of an elastic polymer is cast over release paper and 
dried to form a ?lm, the solution of the elastic polymer 
Which Will become an adhesive layer thereafter is applied to 
the release paper again and laminated With the sheet material 
before the solution becomes dry, and dried and bonded to the 
sheet material by heating. In this case, the surface layer 
consists of an adhesive layer containing the sea-island type 
?ber and a ?lm layer containing no sea-island type ?ber. 
Even When the surface layer is thin, a napped layer of the 
?ber is not exposed to the surface advantageously. 

[0102] The elastic polymer used in the solid surface layer 
may be identical to the elastic polymer preferably used in the 
?rst substrate layer and preferably has a 100% elongation 
modulus of 390 to 1,500 N/cm2. When the 100% elongation 
modulus is loW, the obtained leather-like sheet product is 
very soft but may be inferior in abrasion resistance, heat 
resistance and solvent resistance and When the 100% elon 
gation modulus is high, the obtained leather-like sheet 
product may have a hard feel and may be inferior in ?exing 
resistance and hardness at a loW temperature. 

[0103] Examples of the elastic polymer used in the solid 
surface layer include polyurethane elastomer, polyurea elas 
tomer, polyurethane polyurea elastomer, polyacrylic acid 
resin, acrylonitrile-butadiene elastomer and styrene butadi 
ene elastomer. Out of these, polyurethane-based polymers 
such as polyurethane elastomer, polyurea elastomer and 
polyurethane-polyurea elastomer are preferred. The 100% 
elongation modulus is preferably 390 to 1,500 N/cm2. When 
the 100% elongation modulus is loWer than 390 N/cm2, the 
obtained leather-like sheet product is soft but may be inferior 
in abrasion resistance, heat resistance and solvent resistance. 
When the 100% elongation modulus is higher than 1,500 
N/cm2, the obtained leather-like sheet may have a hard feel 
and may be inferior in ?exing resistance and hardness at a 
loW temperature. 

[0104] This elastic polymer preferably has a Weight reduc 
tion of 15 Wt % or less after it is immersed in a solvent Which 
dissolves only the sea component of the sea-island type ?ber 
as used in the later step. The Weight reduction is more 
preferably 10 Wt % or less, most preferably 7 Wt % or less. 
As the Weight reduction becomes smaller, the surface 
appearance after the treatment may become better. When the 
Weight reduction is too large, a dissolution phenomenon 
occurs in the solvent Which dissolves only the sea compo 
nent of the sea-island type ?ber, thereby making it difficult 
to maintain the surface appearance of the sheet product. 

[0105] It is preferred to use an elastic polymer Which 
expands in the solvent Which dissolves only the sea com 
ponent of the sea-island type ?ber at an area expansion 
coef?cient of 2 to 160% and returns to almost its original 
form at an area change rate of 5% or less When the solvent 
is removed as the elastic polymer of the solid surface layer. 
Since part or most of a portion having a loW molecular 
Weight or a portion having solubility in the solvent of the 
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elastic polymer having a large area expansion coef?cient in 
the solvent Which dissolves only the sea component of the 
sea-island ?ber is dissolved in the solvent, the shape of the 
?lm may not be able to be maintained. When the above 
phenomenon does not occur and the elastic polymer has a 
large area expansion coef?cient in the solvent Which dis 
solves only the sea component of the ?ber, the elastic 
polymer greatly deforms at the time of its expansion, and the 
marks of Wrinkles remain on the surface at random after the 
treatment With the result that an unstable sheet product 
having a poor appearance may be obtained. 

[0106] To obtain the Weight reduction and area expansion 
coef?cient, a 200 pm-thick ?lm of the elastic polymer is 
formed and immersed in the solvent Which can dissolve only 
the sea component of the sea-island type ?ber for 3 minutes 
to measure its area and dry Weight. For example, When 
polyethylene is used as the sea component, toluene is used 
as the solvent for measurement. The measurement tempera 
ture may be a temperature at the time of the treatment. For 
example, When hot toluene is used, 80° C. is suitable. 

[0107] In the leather-like sheet product production process 
of the present invention, the sea component is then removed 
by using the solvent Which can dissolve the sea component 
of the sea-island type ?ber. The solvent must not dissolve the 
island component of the ?ne ?ber and may dissolve a small 
amount of the elastic polymer used in the surface layer but 
preferably does not dissolve it if possible. 

[0108] It is preferred that the sheet material portion should 
be shrunk from its original area When the sea component of 
the sea-island type ?ber is removed. The shrinkage of the 
sheet material portion can be controlled by the density of a 
nonWoven fabric constituting the base material and the 
modulus and amount of the elastic polymer impregnated into 
the nonWoven fabric. When the density of the nonWoven 
fabric is loW, the modulus of the elastic polymer is loW and 
the amount of the impregnated elastic polymer is small, the 
sheet material portion tends to greatly shrink. On the con 
trary, When the density of the nonWoven fabric is high, the 
modulus of the elastic polymer is high and the amount of the 
impregnated elastic polymer is large, the sheet material 
portion tends to hardly shrink. The base material portion is 
preferably shrunk by 2 to 20% of its original area by 
optimiZing these conditions. It is shrunk by more preferably 
2 to 12%, most preferably 2 to 7%. 

[0109] Although the elastic polymer forming the surface 
layer expands in the solvent Which can dissolve the sea 
component of the ?ber at an area expansion coef?cient of 2 
to 100%, it is preferred that When the solvent is removed, the 
elastic polymer should return to almost its original form at 
an area change rate of preferably 5% or less, more preferably 
2% or less. 

[0110] The value obtained by subtracting the shrinkage 
factor of the surface layer from the shrinkage factor of the 
sheet material is preferably 1 to 25%. It is more preferably. 
20% or less, most preferably 2 to 10%. When the shrinkage 
factor of the sheet material is larger than the shrinkage factor 
of the surface layer, as the sheet material shrinks from the 
original area of the surface layer, a soft sheet product Which 
has a surface layer With a slight surplus feel and no stretchy 
feel on the grain side can be obtained. When the shrinkage 
of the sheet material from the original area of the surface 
layer is small, the area difference betWeen the surface layer 
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and the sheet material is small, Whereby the surface layer has 
almost no surplus feel and the grain layer has a stretchy feel. 
When the shrinkage of the sheet material from the original 
area of the surface layer is too large, the area difference 
betWeen the surface layer and the sheet material is too large, 
Whereby many Wrinkles are produced due to the surplus of 
the surface layer With the result of a poor appearance. 

[0111] The obtained leather-like sheet product may be 
gravure coated With an elastic polymer or embossed to 
further adjust its topmost surface. It is also preferred to rub 
the thus obtained sheet product. To rub the sheet product, for 
example, it is held by clamps and one of the clamps is driven 
to deform the sheet by rubbing, or it is let pass betWeen stays 
having tWo combined projections to be unbind by rubbing 
While the projections are forced into the sheet product. 

[0112] The thus obtained leather-like sheet product of the 
present invention is soft Without a stretchy feel on the grain 
side While it has a high-quality appearance and has a surplus 
feel on the grain side and small Wrinkles When it is bent. 

(ii) Porous Layer 

[0113] This porous layer is a surface layer having a porous 
structure formed on the surface of the ?rst substrate layer. 
Therefore, When the surface layer is a porous layer, the 
leather-like sheet product consists of the porous layer, the 
?rst substrate layer and the second substrate layer in the 
mentioned order. 

[0114] As for the shapes of a large number of pores 
existent in the porous layer, in the section of the porous layer 
When cut in a direction perpendicular to the surface of the 
sheet product, the ratio of the diameter of the circumscribed 
circle to the diameter of the inscribed circle must be 2 or 
less. The ratio is preferably 1.5 or less. In the present 
invention, the pores are particularly preferably almost 
globular, Which means that the shapes of the pores may be 
close to a substantially globular shape, and further prefer 
ably, there are no irregularities on the Walls of the pores. It 
is particularly preferred that a large number of pores rela 
tively uniform in siZe should be existent, and the porous 
structure of the porous layer apparently differs from the 
triangular porous structure formed by the Wet coagulation of 
the elastic polymer. Although it is an independent porous 
structure, preferably, some of the pores are partially con 
nected to one another. 

[0115] The porous layer has the above porous structure 
and openings are existent on the surface of the porous layer. 
The average diameter of the openings is preferably 3 to 50 
pm, more preferably 5 to 30 pm, most preferably 10 to 20 
pm. When the average diameter of the openings on the 
surface is smaller than 3 pm, the gas permeability of the base 
material may deteriorate. When the average diameter of the 
openings is larger than 50 pm, the strength of the surface 
layer may loWer, the abrasion resistance and peel strength of 
the surface may deteriorate, and pinholes may stand out on 
the surface of the sheet product. The diameter is represented 
by the maximum diameter of each opening existent on the 
surface When the opening is elliptic. Since the sheet product 
of the present invention is soft, it readily deforms and the 
shape of the opening on the surface often becomes elliptic 
When tension is applied to the sheet product. In this case, the 
maximum diameter of the opening has a great in?uence 
upon the quality of the sheet product. 
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[0116] The diameters of 80% or more of the openings 
existent on the surface of the leather-like sheet product 
having a porous layer are preferably 50 pm or less, more 
preferably 30 pm or less, most preferably 20 pm or less. The 
leather-like sheet product of the present invention having 
such openings on the surface preferably has a gas perme 
ability of 0.5 l/cm2~hr or more and a moisture permeability 
of 2,000 g/m2-24 hr or more. In consideration of durability, 
the upper limit of gas permeability is preferably 10 l/cm2~hr 
and the upper limit of moisture permeability is preferably 
50,000 g/m2~24 hr. 
[0117] The above porous layer is made of an elastic 
polymer. The elastic polymer used in the porous layer may 
be identical to the elastic polymer used in the ?rst substrate 
layer. Examples of the elastic polymer include polyurethane 
elastomer, polyurea elastomer, polyurethane'polyurea elas 
tomer, polyacrylic acid resin, acrylonitrile'butadiene elas 
tomer and styrene'butadiene elastomer. Out of these, poly 
urethane-based polymers such as polyurethane elastomer, 
polyurea elastomer and polyurethane'polyurea elastomer are 
preferred. The elastic polymer preferably has a 100% elon 
gation modulus of 390 to 1,500 N/cm2. When the 100% 
elongation modulus is loWer than 390 N/cm2, the obtained 
leather-like sheet product is very soft but may be inferior in 
abrasion resistance, heat resistance and solvent resistance. 
When the 100% elongation modulus is higher than 1,500 
N/cm2, the obtained leather-like sheet product may have a 
hard feel and may be inferior in ?exing resistance and 
hardness at a loW temperature. 

[0118] The elastic polymer used in the porous layer pref 
erably has high solvent resistance. Amore preferred example 
of the elastic polymer is an elastic polymer having a Weight 
reduction of preferably 15 Wt % or less, more preferably 10 
Wt % or less, most preferably 7 Wt % or less after it is 
immersed in toluene heated at 80° C. for 3 minutes. 

[0119] The density of the porous layer is preferably 0.20 
to 0.90 g/cm3, more preferably 0.29 to 0.75 g/cm3, most 
preferably 0.37 to 0.67 g/cm3. When the density is too loW, 
the strength of the elastic polymer may loWer and the 
abrasion resistance of the porous layer and the peel strength 
of the surface layer may deteriorate. When the density is too 
high, gas permeability and moisture permeability are not 
obtained. The thickness of the porous layer is preferably 1 to 
200 pm, more preferably 3 to 100 pm, most preferably 5 to 
50 pm. When the porous layer has a loW density and a small 
thickness, surface physical properties may deteriorate as 
seen When the density is too loW and When the porous layer 
has a high density and a large thickness, the obtained sheet 
product impairs its high-grade appearance such as ?nely 
Wrinkles When it is bent. 

[0120] All or part of the porous layer is preferably made 
of a crosslinked polymer. By using the crosslinked polymer, 
the surface strength and solvent resistance of the porous 
layer can be improved. 

[0121] One of the methods of forming a porous layer as 
the surface layer is to use a solution of an elastic polymer 
containing ?ne particles Which can dissolve in a solvent 
When the solution of the elastic polymer is applied to the 
sheet material and coagulated in the above process for 
producing a leather-like sheet product. A porous layer is 
formed on the surface by dissolving and removing the ?ne 
particles by using the solvent Which dissolves the ?ne 
particles after coagulation. 
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[0122] Preferred examples of the ?ne particles Which can 
dissolve in the solvent include polyole?ns such as polyeth 
ylene, polypropylene and polystyrene and polyesters. Out of 
these, polyethylene is preferred and loW-density polyethyl 
ene is particularly preferred from the vieWpoint of solubility. 
Preferably, the solvent used herein does not dissolve the 
elastic polymer. The diameters of the ?ne particles are 
preferably in the range of 200 pm or less, more preferably 
100 pm or less, most preferably 50 pm or less. The average 
particle diameter of the ?ne particles is preferably 10 to 50 
pm, most preferably 20 to 30 pm. 

[0123] To form the porous layer, various methods may be 
employed. Basically, a solution or dispersion of the elastic 
polymer containing the above dispersed ?ne particles is 
laminated With or coated on the sheet material to form the 
porous layer. The most preferred method is lamination. 
Stated more speci?cally, for example, a solution of the 
elastic polymer containing soluble ?ne particles dispersed 
therein is cast over release paper and dried to form a ?lm, the 
solution of the elastic polymer is applied to the surface of the 
?lm again and laminated With the sheet material before the 
solution becomes dry, and dried and bonded to the sheet 
material by heating. In this case, even When the layer Which 
Will become a porous layer has a porous structure, a napped 
layer of the ?ber is not exposed to the surface advanta 
geously. 
[0124] The content of the ?ne particles in the porous layer 
is preferably 2 to 300 Wt % based on the solid content of the 
elastic polymer. The content of the ?ne particles is more 
preferably 10 to 200 Wt %, particularly preferably 20 to 150 
Wt %. When the content is too loW, many pores can be 
formed in the surface layer but the gas permeability and 
moisture permeability of the surface layer become very loW 
and When the content is too high, the strength of the surface 
loWers and the appearance may Worsen. 

[0125] The elastic polymer used to form the porous layer 
has a Weight reduction of preferably 15 Wt % or less, more 
preferably 10 Wt % or less, most preferably 7 Wt % or less 
after it is immersed in the solvent Which dissolves the ?ne 
particles. As the Weight reduction becomes smaller, the 
appearance of the surface after the treatment tends to 
become better. When the Weight reduction is too large, a 
dissolution phenomenon occurs in the solvent Which dis 
solves the ?ne particles, thereby making it dif?cult to 
maintain the appearance of the surface. 

[0126] In the above process, the ?ne particles contained in 
the layer are dissolved and removed by using the solvent 
Which dissolves the ?ne particles to form a porous structure 
in the layer. Toluene is preferably used as the solvent When 
polyethylene is used as the ?ne particle component. This 
solvent may dissolve a small amount of the elastic polymer 
used in the substrate and the surface layer but preferably 
does not dissolve it if possible. The porous layer having a 
porous structure is formed by dissolving and removing the 
?ne particles contained in the layer. The porous structure 
formed in the porous layer apparently differs from the 
triangular porous structure formed by the Wet coagulation of 
an ordinary elastic polymer and is such that the a large 
number of pores Which are almost globular in shape and 
relatively uniform in siZe are existent and some of them are 
partially connected to one another. 

[0127] It is also preferred to use a heated solvent in order 
to enhance the extraction ef?ciency of the ?ne particles, and 
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the heating temperature of the solvent is preferably 75 to 
100° C. When the temperature is too high, the expansion of 
the elastic polymer readily occurs and the porous layer may 
deteriorate. To dissolve and remove the ?ne particles, after 
the sheet material is immersed in the solvent, it is preferably 
nipped to eliminate the ?ne particles from the layer actively. 
It is preferred that nipping should be carried out 3 to 10 times 
and that the clearance at the time of nipping should be 60 to 
90% of the total thickness of the sheet. 

[0128] The solvent for dissolving the sea component of the 
sea-island type ?ber and the solvent for dissolving the ?ne 
particles are preferably the same in the manufacture of the 
sheet product. When the same solvent can be used, the 
sea-island type ?ber and the ?ne particles can be treated in 
the same step, Which is effective from the vieWpoint of 
energy saving. 

[0129] When the sea component of the sea-island type 
?ber is dissolved and removed, the sheet material portion is 
preferably shrunk from its original area While removing. 
Although the elastic polymer for forming the porous layer 
expands in the solvent Which dissolves only the sea com 
ponent of the ?ber unlike the shrinking base material, it 
preferably returns to its original form When the solvent is 
removed. 

[0130] The value obtained by subtracting the shrinkage 
factor of the porous layer from the shrinkage factor of the 
sheet material is preferably 1 to 25%. When the shrinkage 
factor of the sheet material is larger than the shrinkage factor 
of the porous layer, as the sheet material shrinks from the 
original area of the porous layer, a soft sheet product Which 
has a porous layer With a slight surplus feel and no stretchy 
feel on the grain side can be obtained. When the shrinkage 
of the sheet material from the original area of the porous 
layer is small, the area difference betWeen the porous layer 
and the sheet material is small, Whereby the porous layer has 
almost no surplus feel and the grain layer has a stretchy feel. 
When the shrinkage of the sheet material from the original 
area of the porous layer is too large, the area difference 
betWeen the porous layer and the sheet material is too large, 
Whereby many Wrinkles are produced due to the surplus of 
the porous layer With the result that the obtained sheet 
product has a poor appearance. 

[0131] It is also preferred to rub the obtained leather-like 
sheet product. To rub the sheet product, it is held by clamps 
and one of the clamps is driven to deform the sheet by 
rubbing, or it is let pass betWeen stays having tWo combined 
projections to be unbind by rubbing While the projections are 
forced into the sheet product. 

[0132] The thus obtained leather-like sheet product having 
a porous layer as a surface layer is excellent in terms of gas 
permeability, moisture permeability and feeling. 

(iii) Composite Surface Layer 

[0133] When the surface layer is a composite surface 
layer, the leather-like sheet product consists of the composite 
surface layer, the ?rst substrate layer and the second sub 
strate layer in the mentioned-order. This composite surface 
layer (iii) consists of a solid layer and a porous layer. The 
solid layer of the composite surface layer is existent on the 
front surface side. The leather-like sheet product having this 
composite surface layer on the front surface side is a grain 
sheet product. 
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[0134] The solid layer and the porous layer forming the 
composite surface layer are made of elastic polymers. The 
elastic polymers forming these layers may be the same or 
different. Examples of the elastic polymer include polyure 
thane elastomer, polyurea elastomer, polyurethane polyurea 
elastomer, polyacrylic acid resin, acrylonitrile-butadiene 
elastomer and styrene-butadiene elastomer. Out of these, 
polyurethane-based polymers such as polyurethane elas 
tomer, polyurea elastomer and polyurethane-polyureaelas 
tomer are preferred. The elastic polymer has a 100% elon 
gation modulus of preferably 300 to 1,500 N/cm2. When the 
100% elongation modulus is loWer than 300 N/cm2, the 
obtained leather-like sheet product is soft but may be inferior 
in abrasion resistance, heat resistance and solvent resistance. 
When the 100% elongation modulus is higher than 1,500 
N/cm2, the obtained leather-like sheet may have a hard feel 
and may be inferior in ?exing resistance and hardness at a 
loW temperature. 

[0135] The elastic polymer used in the composite surface 
layer preferably has high solvent resistance. More speci? 
cally, it has a Weight reduction of preferably 0 to 25 Wt %, 
more preferably 3 to 10 Wt % after it is immersed in toluene 
heated at 80° C. for 3 minutes. 

[0136] Fine openings having a diameter smaller than 5 pm 
are preferably existent on the surface of the solid layer as the 
topmost surface out of the composite surface layer. More 
preferably, ?ne openings having a diameter of less than 4 pm 
and 0.1 pm or more, speci?cally 0.3 pm or more are existent. 
When the openings have a diameter of 5 pm or more, as the 
diameter increases, gas permeability and moisture perme 
ability become higher but Water pressure resistance Which is 
an index value of Waterproofness becomes loWer. When the 
openings have a small diameter, the moisture permeability 
of the leather-like sheet product may become unsatisfactory. 

[0137] When the openings are existent on the surface of 
the composite surface layer, the number of the openings is 
preferably 10 to 1,000/mm2, more preferably 25 to 750/ 
mm2, most preferably 50 to 500/mm2. When the number is 
small, uniform moisture permeability is hardly obtained on 
the surface and When the number is large, moisture perme 
ability improves but the strength of the surface layer loWers 
and the abrasion resistance of the sheet product deteriorates. 

[0138] The solid layer and porous layer of the composite 
surface layer can be distinguished from each other based on 
Whether a void is observed or not in an electron micropho 
tograph of the section of the composite surface layer When 
cut in a direction perpendicular to the surface of the leather 
like sheet product. Basically, there is no void in the solid 
layer and only openings extending from the porous layer to 
the surface may be existent. As the openings in the solid 
layer are ?ne, they can be rarely recogniZed by the obser 
vation of the section though they are recogniZed by the 
observation of the surface. 

[0139] Further, a large number of voids having an average 
diameter of 5 to 200 pm are existent in the section of the 
porous layer of the composite surface layer. The average 
diameter of the voids in the section is preferably smaller than 
100 pm, particularly preferably 10 to 50 pm. When the 
average diameter of the voids is small, the gas permeability 
of the base material may loWer. When the average diameter 
of the voids is large, the strength of the surface layer may 
loWer and the abrasion resistance and peel strength of the 
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surface layer may deteriorate. The diameter is obtained by 
measuring a void When the section perpendicular to the 
surface layer is observed and not alWays the maximum 
diameter of the void. When the void is elliptic, its maximum 
diameter is taken as its diameter. Since the sheet product of 
the present invention is soft, it readily deforms and the 
openings on the surface often become elliptic When tension 
is applied thereto. In this case, the maximum diameters of 
the openings have a great in?uence upon the quality of the 
sheet product. 

[0140] The ratio of the diameter of the circumscribed 
circle to the diameter of the inscribed circle of each void 
constituting each pore of the porous layer in the section is 
preferably 2 or less. The ratio is more preferably 1.5 or less. 
In the present invention, the voids constituting the pores are 
preferably almost globular, Which means that the shapes of 
the voids may be close to a substantially globular shape, and 
further preferably, there are no irregularities on the Walls of 
the voids. It is preferred that a large number of voids 
relatively uniform in siZe should be existent, and the porous 
structure of the porous layer apparently differs from the 
triangular porous structure formed by the Wet coagulation of 
the elastic polymer. Although it is an independent porous 
structure, preferably, some of the pores are partially con 
nected to one another. 

[0141] The leather-like sheet product having a composite 
surface layer of the present invention has the ?rst substrate 
layer on the layer (porous layer) side opposite to the surface 
of the solid layer. 

[0142] It is further preferred that the ?ber should not 
penetrate in-the solid layer and the porous layer of the 
composite surface layer of the sheet product of the present 
invention. When the solid layer and the porous layer in 
Which the ?ber bundle does not penetrate are existent on the 
surface side, even if the Whole surface layer is thin, it is 
possible to prevent the napping of ?ne ?bers on the surface. 

[0143] It is also preferred that all of the composite surface 
layer or the porous layer in particular should be made of a 
crosslinked elastic polymer. When it is made of a 
crosslinked elastic polymer, the surface strength and solvent 
resistance of the layer can be improved. 

[0144] The solid layer of the composite surface layer has 
a thickness of preferably 1 to 50 pm, more preferably 3 to 
20 pm, most preferably 5 to 20 pm. When it is too thick, even 
if ?ne openings are existent, moisture permeability may 
loWer and When it is too thin, Water pressure resistance may 
loWer. The porous layer has a thickness of 1 to 100 pm and 
a density of preferably 0.20 to 0.90 g/cm3, more preferably 
0.3 to 0.7 g/cm3. When the density is too loW, the strength 
of the elastic polymer may loWer and the abrasion resistance 
and peel strength thereof may deteriorate. When the density 
is too high, moisture permeability may loWer. The thickness 
of the porous layer is preferably 2 to 100 pm, most prefer 
ably 3 to 50 pm. When the porous layer has a loW density 
and a small thickness, surface physical properties may 
deteriorate as seen When the density is too loW. When the 
porous layer has a high density and a large thickness, the 
obtained sheet product impairs its high-grade appearance 
such as ?nely Wrinkle, When it is bent. 

[0145] Preferably, the leather-like sheet product having a 
composite surface layer of the present invention has a 
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moisture permeability of 2,000 g/m2-24 hr or more. The 
upper limit of moisture permeability is generally 8,000 
g/m2-24 hr, preferably 2,000 to 5,000 g/m2-24 hr. While the 
leather-like sheet product has such high moisture perme 
ability, it preferably has a Water pressure resistance of 1.9 
kPa or more. The upper limit of Water pressure resistance is 
about 500 kPa, and the Water pressure resistance is prefer 
ably in the range of 5 to 100 kPa. In the present invention, 
When ?ne openings are existent on the surface of the 
leather-like sheet product and ?ne ?bers are existent in the 
?rst substrate layer as a ?ber bundle, these contrary prop 
erties can be maintained at high levels. 

[0146] The process for producing a leather-like sheet 
product having a composite surface layer as a surface layer 
of the present invention comprises the steps of forming a 
layer of an elastic polymer (A) having an expansion coef 
?cient for a solvent (2) of 10 to 300%, a layer of an elastic 
polymer (B) containing ?ne particles Which can dissolve in 
the solvent (2), and the ?rst substrate layer Which penetrates 
in a sheet material on the sheet material composed of a ?ne 
?ber forming sea-island type ?ber consisting of tWo or more 
components Which differ from each other in solubility in a 
solvent (1) and the elastic polymer, dissolving and removing 
the sea component of the sea-island type ?ber by using the 
solvent (1) to make ?ne ?bers, and dissolving and removing 
the ?ne particles by using the solvent The solvent (1) 
and the solvent (2) may differ from each other but preferably 
identical to each other from the vieWpoint of production 
ef?ciency. The elastic polymer (A) and the elastic polymer 
(B) may differ from each other but preferably have the same 
expansion coef?cient for the solvent (2) from the vieWpoints 
of feeling and adhesion. 

[0147] The ?ne ?ber forming sea-island type ?ber con 
sisting of tWo or more components Which differ from each 
other in solubility in the solvent (1) and used in the above 
process is What has already been described in 1) and 2) 
above. 

[0148] The sheet material composed of the sea-island type 
?ber and the elastic polymer is What has been described in 
1) and 2) above. 

[0149] In the process for producing a leather-like sheet 
product having a composite surface layer of the present 
invention, the elastic polymer (A) layer, the elastic polymer 
(B) layer and the elastic polymer layer forming the ?rst 
substrate layer are formed on the sheet material. 

[0150] The elastic polymers used in the process for pro 
ducing a leather-like sheet product may be identical to the 
elastic polymers described for the leather-like sheet products 
1) and 2). 

[0151] Describing the elastic polymers of the composite 
surface layer in particular, they preferably have a 100% 
elongation modulus of 300 to 1,500 N/cm2. When the 100% 
elongation modulus is loW, the obtained leather-like sheet 
product is soft but may be inferior in abrasion resistance, 
heat resistance and solvent resistance. When the 100% 
elongation modulus is high, the obtained leather-like sheet 
product may have a hard feel and may be inferior in ?exing 
resistance and hardness at a loW temperature. 

[0152] The elastic polymer (A) must have an expansion 
coef?cient for the solvent (2) of 10 to 300%. This expansion 
coef?cient is preferably 15 to 250%, most preferably 20 to 
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200%. When the expansion coef?cient is smaller than 10%, 
the solvent (2) hardly penetrates in the elastic polymer (B) 
layer Which Will be described hereinafter and accordingly, 
cannot dissolve the ?ne particles Which dissolve in the 
solvent (2) of the elastic polymer (B) layer completely, 
thereby making it dif?cult to make the elastic polymer (B) 
layer porous and form ?ne openings in the elastic polymer 
(A) layer. When the expansion coef?cient is larger than 
300%, the surface layer greatly deforms in the solvent, 
thereby impairing the appearance of the leather-like sheet 
product. It is preferred to select and use an elastic polymer 
Which expands in the solvent at an area expansion coef?cient 
of 10 to 300% and returns to almost its original form With 
an area change rate of 5% or less When the solvent is 
removed as the elastic polymer used herein. The elastic 
polymer (B) preferably has the same expansion coef?cient 
as the elastic polymer (A) to dissolve the ?ne particles. The 
elastic polymer constituting the ?rst substrate layer prefer 
ably has a loWer expansion coef?cient than the elastic 
polymers (A) and (B) to improve its adhesive force. Also the 
elastic polymer constituting the sheet material layer prefer 
ably has a loWer expansion coef?cient than the elastic 
polymers (A) and 

[0153] The elastic polymers used in the composite surface 
layer preferably have high solvent resistance. More speci? 
cally, the elastic polymers have a Weight reduction of 
preferably 0 to 25 Wt %, more preferably 3 to 10 Wt % after 
they are immersed in toluene heated at 80° C. for 3 minutes. 
As the Weight reduction becomes smaller, the surface 
appearance after the treatment may become better. When the 
Weight reduction is too large, a dissolution phenomenon 
occurs in the solvent, thereby making it dif?cult to maintain 
the surface appearance. 

[0154] To obtain the area expansion coef?cient and the 
Weight reduction, a 200 pm-thick ?lm of the elastic polymer 
is formed and immersed in the solvent for 3 minutes to 
prepare a measurement ?lm sample. For example, When 
polyethylene is used as a component to be dissolved, toluene 
is used as the solvent. The measurement temperature may be 
a temperature at the time of the treatment. For example, 80° 
C. heated toluene is used. 

[0155] The elastic polymer (B) layer must contain ?ne 
particles Which dissolve in the solvent The ?ne particles 
may be made of the same compound as described in 2) 
above. The ?ne particles are contained in an amount of 
preferably 3 to 300 Wt % based on the solid content of the 
elastic polymer. The content of the ?ne particles is more 
preferably 10 to 200 Wt %, particularly preferably 20 to 150 
Wt %. When the content of the ?ne particles is loW, the 
number of ?ne openings on the surface and the number of 
pores in the inside become small, thereby reducing moisture 
permeability. When the content is high, the number of ?ne 
openings and the number of pores become large, thereby 
reducing the strength and peel strength. The diameters of the 
?ne particles are preferably 200 pm or less, more preferably 
100 pm or less, most preferably 50 pm or less. 

[0156] In the present invention, the surface layer consist 
ing of the elastic polymer (A) layer, the elastic polymer (B) 
layer and the elastic polymer layer forming the ?rst substrate 
layer must be formed on the sheet material composed of the 
elastic polymer and the sea-island type ?ber. Before ?ne 
?bers are made from the sea-island type ?ber by using the 
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solvent, independent bubbles such as air bubbles may be 
partially existent around the ?ber of the elastic polymer 
layer forming the ?rst substrate layer but it is basically 
preferred that there should be no space betWeen the sea 
island type ?ber and the elastic polymer of the layer. When 
there is a space therebetWeen, the elastic polymer cannot 
surround the bundle of ?ne ?bers at equal intervals in the 
end. 

[0157] Various methods may be used to form the compos 
ite surface layer. A solution or dispersion containing the 
elastic polymer may be laminated With or coated on the sheet 
material to obtain the composite surface layer. The most 
preferred method is lamination. More speci?cally, for 
example, a solution containing the elastic polymer (A) is 
cast over release paper and dried to form a ?lm as a ?rst 
layer, a solution containing the elastic polymer (B) is cast 
over the release paper and dried to form a ?lm as a second 
layer, and a solution of the elastic polymer forming the ?rst 
substrate layer is applied to the second layer and laminated 
With the sheet material before the solution becomes dry, and 
dried and bonded to the sheet material by heating. At this 
point, the elastic polymer Which becomes the ?rst substrate 
layer preferably contains a crosslinking agent. In this case, 
the layers to be laminated consist of the ?rst layer (solid 
surface layer), the second layer (porous layer) and the layer 
forming the ?rst substrate layer. Even When the solid surface 
layer is thin, a napped layer of the ?ber is not exposed to the 
surface advantageously. 

[0158] Fine ?bers are made from the sea-island type ?ber 
by using the solvent (1) and the ?ne particles are dissolved 
and removed by using the solvent The order of these 
steps may be arbitrary and the steps may be carried out at the 
same time. When these steps are carried out at the same time, 
the solvent (1) and the solvent (2) are preferably identical to 
each other as described above. The easily soluble component 
(sea component) of the ?ber and the ?ne particles are 
preferably identical to each other from the vieWpoint of 
recovery. When they are identical, after they are dissolved, 
the sea component can be easily recovered from the result 
ing solution, Which is ecologically advantageous and pre 
ferred. 

[0159] It is also preferred to use a heated solvent in order 
to enhance extraction ef?ciency at the time of dissolution 
and removal, and the heating temperature of the solvent is 
preferably 75 to 100° C. When the temperature is too high, 
the expansion of the elastic polymer readily occurs and the 
composite surface layer may deteriorate. To dissolve and 
remove the ?ne particles, after the sheet is immersed in the 
solvent, it is preferably nipped to eliminate the ?ne particles 
from the composite surface layer actively. It is preferred that 
nipping should be carried out 3 to 10 times and that the 
clearance at the time of nipping should be 60 to 90% of the 
total thickness of the sheet product. 

[0160] It is preferred that the sheet material portion should 
be shrunk from its original area at the time of the treatment 
With the solvent. The shrinkage of the sheet material portion 
can be controlled by the density of a nonWoven fabric 
constituting the sheet material and the modulus and amount 
of the elastic polymer impregnated into the nonWoven 
fabric. When the density of the nonWoven fabric is loW, the 
modulus of the elastic polymer is loW and the amount of the 
impregnated elastic polymer is small, the sheet material 



US 2006/0008631 A1 

portion tends to greatly shrink. On the contrary, When the 
density of the nonWoven fabric is high, the modulus of the 
impregnated elastic polymer is high and the amount of the 
elastic polymer is large, the sheet material portion tends to 
hardly shrink. The sheet material portion is preferably 
shrunk by 2 to 20% of its original area by optimiZing these 
conditions. It is shrunk by more preferably 2 to 12%, most 
preferably 2 to 7%. 

[0161] Although the elastic polymers forming the com 
posite surface layer expand in the solvent, it is preferred that 
When the solvent is removed, the elastic polymers should 
return to almost their original forms at an area change rate 
of preferably 5% or less, more preferably 2% or less. 

[0162] The value obtained by subtracting the shrinkage 
factor of the composite surface layer from the shrinkage 
factor of the sheet material is preferably 1 to 25%. It is more 
preferably 20% or less, most preferably 2 to 10%. When the 
shrinkage factor of the sheet material is larger than the 
shrinkage factor of the composite surface layer, as the sheet 
material shrinks from the original area of the surface layer, 
a soft sheet product Which has a composite surface layer 
With a slight surplus feel and no stretchy feel on the grain 
side can be obtained. When the shrinkage of the sheet 
material from the original area of the composite surface 
layer is small, the area difference betWeen the composite 
surface layer and the sheet material is small, Whereby the 
surface layer has almost no surplus feel and the grain layer 
has a stretchy feel. When the shrinkage of the sheet material 
from the original area of the composite surface layer is too 
large, the area difference betWeen the composite surface 
layer and the sheet material is too large, Whereby many 
Wrinkles are formed due to the surplus of the surface layer 
With the result of a poor appearance. 

[0163] It is also preferred to rub the thus obtained leather 
like sheet product. To rub the sheet product, it is held by 
clamps and one of the clamps is driven to deform the sheet 
by rubbing, or it is let pass betWeen stays having tWo 
combined projections to unbind by rubbing While the pro 
jections are forced into the sheet product. 

[0164] The thus obtained leather-like sheet product having 
a composite surface layer is soft Without a stretchy feel on 
the grain side While it has a high-quality appearance and has 
a surplus feel on the grain side and small Wrinkles When it 
is bent. Since pores derived from the particles contained in 
the elastic polymer (B) layer are existent on the surface of 
the obtained leather-like sheet product, a grain leather-like 
sheet product having excellent moisture permeability and 
Water resistance can be obtained. 

(iv) Surface Layer having a Suede-Like Appearance 

[0165] When the surface layer is a surface layer having a 
suede-like appearance, the leather-like sheet product con 
sists of the suede-like surface layer, the ?rst substrate layer 
and the second substrate layer in the mentioned order. 

[0166] The expression “suede-like appearance” means 
that the sheet product has a napped layer of ?ne ?bers and 
the length of the nap is preferably uniform. The ?neness of 
the ?ne ?bers is 0.2 dtex or less, particularly preferably 
0.0001 to 0.05 dtex like the ?ber sheet in order to obtain a 
suede-like appearance. Preferably, the surface is smooth and 
soft and has sharp chalkiness. 
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[0167] To manufacture a sheet product having a suede-like 
surface layer, a conventionally knoWn process for producing 
suede-like or nubuck-like arti?cial leather may be 
employed. For example, it can be obtained by impregnating 
a ?ber sheet With an elastic polymer, coagulating the elastic 
polymer to prepare a sheet material, making ?ne ?bers from 
a sea-island type ?ber contained in the sheet material to form 
a sheet product and polishing the surface of the sheet 
product. The length of a nap and the appearance of the sheet 
product can be controlled by limiting the apparent density of 
the ?ber sheet, increasing the amount of the elastic polymer 
or controlling the polishing conditions. 

[0168] It is also preferred that a treating solution Which 
contains a solvent for the elastic polymer and does not 
dissolve a bundle of ?ne ?bers be applied to the surface of 
the sheet product composed of the bundle of ?ne ?bers and 
the elastic polymer, part of the elastic polymer be dissolved 
or expanded, dried and re-solidi?ed, and the ?ne ?bers be 
napped or cut. This method can prevent a nap on the surface 
from coming off from the surface. 

[0169] The treating solution containing the solvent for the 
elastic polymer is preferably a mixture of a good solvent for 
the elastic polymer such as dimethylformamide, diethylfor 
mamide, dimethyl acetamide or tetrahydrofuran and option 
ally Water, alcohol, methyl ethyl ketone and part of the above 
elastic polymer. 

EFFECT OF THE INVENTION 

[0170] According to the present invention, there are pro 
vided (1) an arti?cial leather-like sheet product Which is soft 
and has loW resiliency and physical properties similar to 
natural leather While it has a strong sensation of preventing 
stretching Which could not be attained by the leather-like 
sheet product of the prior art, (2) a soft grain leather-like 
sheet product Which has a surplus feel similar to natural 
leather on the grain side, small Wrinkles When it is bent and 
no stretchy feel on the grain side While it has a high-quality 
appearance, (3) a grain leather-like sheet product having gas 
permeability, moisture permeability and a high-quality 
appearance, and processes for producing these leather-like 
sheet products. 

[0171] The leather-like sheet products of the present 
invention are suitable for use as a material for shoes, clothes, 
furniture and gloves. 

EXAMPLES 

[0172] The folloWing examples are provided for the pur 
pose of further illustrating the present invention but are in no 
Way to be taken as limiting. “Percentage (%)” and “ratio” 
mean Weight percentage (Wt %) and Weight ratio, respec 
tively, unless otherWise stated in the examples and compara 
tive examples. Measurement values in the examples and 
comparative examples Were obtained by the folloWing meth 
ods. 

(1) Thickness 

[0173] This is measured With a spring type dial gauge 
(load of 1.18 N/cm2). 

(2) Weight 
[0174] A 10 cm><10 cm specimen is measured With a 
precision balance. 



US 2006/0008631 A1 

(3) Thickness of First Substrate Layer 

[0175] This is measured from an electron microphoto 
graph of the section of the base material and an average 
value is taken. 

(4) Thickness of Layer other than Base Material Layer in 
Surface Layer (Thickness of Film Layer) 

[0176] A solution of an elastic polymer is applied to 
release paper to a predetermined Weight and dried to mea 
sure the thickness of the coating ?lm. 

(5) Wet Amount of Elastic Polymer in First Substrate Layer 

[0177] The Weight of the solution of the elastic polymer 
applied is taken as the Wet amount of the elastic polymer in 
the ?rst substrate layer. 

(6) Amount of Fiber in First Substrate Layer 

[0178] The ratio of the ?rst substrate layer obtained by 
dividing the thickness “b” of the ?rst substrate layer (depth 
of the elastic polymer impregnated layer) by the total 
thickness “a” of the base material before extraction is 
multiplied by the Weight “c” (Weight before extraction><ratio 
of unextracted ?ber) of the ?ber after extraction to obtain the 
Weight of the ?ber in the ?rst substrate layer (impregnated 
layer). 

(amount of ?ber in ?rst substrate layer)=(b/a)><c 

(7) Amount of Fiber in Second Substrate Layer 

[0179] The value obtained by subtracting the thickness “b” 
(depth of the elastic polymer impregnated layer) of the ?rst 
substrate layer from the total thickness “a” of the base 
material before extraction is divided by the total thickness 
“a” of the base material to obtain the ratio of the second 
substrate layer (non-impregnated layer) and this value is 
multiplied by the Weight “c” (Weight before extraction><ratio 
of unextracted ?ber) of the ?ber after extraction. 

(Weight of non-impregnated layer)=((a—b)/a)><c 

(8) 5% Elongation Stress ((15)/20% Elongation Stress (o20)/ 
Tensile Strength/Elongation 

[0180] An elongation test is made on a specimen sampled 
from a leather-like sheet product With a constant-speed 
elongation tester to measure loads at the time of 5% elon 
gation, 20% elongation and at break. Elongation at break is 
also measured. The specimen is based on JIS-K-6550 5-2-1. 

(9) Peel Strength 

[0181] A PVC sheet lined With a plain Weave fabric of the 
same siZe as the sheet is bonded to the grain layer side of a 
2.5 cm (Width)><15 cm (length) specimen by an urethane 
based adhesive. Five sections of the specimen are marked at 
intervals of 2 cm to carry out a peel test With a constant 
speed tensile tester at a rate of 50 mm/min. Peel strength at 
this point is recorded on a recorder and the minimum values 
of ?ve sections at intervals of 2 cm are read to calculate the 
average value of the ?ve measurement data per cm in Width. 

(10) Tear 

[0182] A cut is made in a specimen sampled from a 
leather-like sheet product and an elongation test is made on 
this specimen With a constant speed tensile tester to measure 
changes in load at the time of tear. The average value of the 
changes is taken as tear. 
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(11) 100% Elongation Modulus of Elastic Polymer 

[0183] An elongation test is made on a specimen sampled 
from a resin ?lm (thickness of about 0.1 mm) With a constant 
speed tensile tester at a rate of 100%/min to read a load at 
a 100% elongation and convert it into the unit of N/cm2. The 
specimen is based on the JIS-K-6301-2 dumbbell method. 

(12) Solvent Expansion Coef?cient of Elastic Polymer 

[0184] A 15 cm><15 cm specimen sampled from a resin 
?lm (thickness of about 200 pm) is marked With a 10 cm><10 
cm square and immersed in toluene heated at 80° C. for 3 
minutes to measure the area of the square so as to obtain an 
increase in the area. 

(13) Appearance/Buckling Feel/Soft Feel 

[0185] “Appearance”, “buckling feel” and “soft feel” in 
the tables are evaluated according to the ten-grade system. 
“5” means that they are normal and as the numerals become 
larger, they become better. 

(14) Tight Feel 
[0186] “Tight feel” in the tables is evaluated according to 
the ten-grade system. “5” means that it is normal and as the 
numeral becomes smaller, it is less tight. 

(15) Bending Resistance (Cantilever Method) 
[0187] A2 cm><about 15 cm sample is measured by the 45° 
Cantilever method speci?ed in JIS L-10966.19.1. The unit is 
cm. 

(16) Bending Recovery Percentage 
[0188] A 1 cm (Width)><9 cm (length) specimen is placed 
on a measurement table in such a manner that its front side 
faces doWn and projected 1 cm from the end of the mea 
surement table. This projecting portion is bent upWard, 
placed under a load of 9.8 N and left as it is. One hour after 
the specimen is placed under load, the load is removed and 
30 second after the removal, hoW much the fold is recovered 
from the horiZontal table is measured With a protractor. 
When it returns to its original position (180°), its bending 
recovery percentage is 100% and When it remains 
unchanged, its bending recovery percentage is 0%. 

(17) Abrasion 

[0189] Abrasion is measured With a Taber abrasion tester 
by the folloWing method. 

[0190] Abrasion (Weight reduction); A Weight change 
(mg) When a specimen is turned 100 times While in contact 
With the #280 abrasion Wheel under a load of 9.8 N is 
measured. Abrasion (number of times); The number of 
rotations of the specimen is measured by placing the speci 
men under a load of 9.8 N While in contact With the CS10 
abrasion Wheel before an appearance of third grade is 
obtained. 

[0191] Abrasion (grade); Abrasion after the specimen is 
turned 10,000 times While in contact With the CS10 abrasion 
Wheel under a load of 9.8 N is evaluated according to the 
?ve-grade system. When the specimen is least Worn doWn, 
abrasion is evaluated as grade 5. 

(18) Number and Diameters of Pores on the Surface 

[0192] As for the diameters of pores existent on the 
surface and in the section, the diameters and number of 
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pores per unit area (1 mm2) are measured from 1,000>< 
electron microphotographs of the surface and section of the 
base material to obtain the average diameter of the pores. 
When the pores are not spherical, the maximum diameters of 
the pores are measured. As for the shapes of the pores, the 
diameter of the circumscribed circle and the diameter of the 
inscribed circle of each pore are measured from an electron 
microphotograph of the section to calculate their ratio (cir 
cumscribed circle/inscribed circle). 

(19) Gas Permeability 

[0193] The time required for 50 cm3 of air to pass through 
is measured With a Gurley densometer in accordance With 
the JIS P-8117 method and converted into the unit of 
l/cm2~hr. 
(20) Water Pressure Resistance 

[0194] This is measured in accordance With the JIS 
L-1092 high Water pressure method. 

(21) Moisture Permeability 

[0195] This is measured in accordance With the JIS 
L-1099 A-1 calcium chloride method. The measurement is 
carried out three times an hour to obtain the average value 
of the measurement data. The obtained value is multiplied 
by 24 to obtain a value (g/m2~24 hr) per day (24 hours). 

(22) Antifouling Property 
[0196] Atemplate having a 36 mm-diameter round hole is 
placed on a 5 cm><5 cm specimen and ?xed in such a manner 
that the round portion is located at the center of the speci 
men. 3 mg of cigarette ashes is placed at the center of the 
specimen With a medical spoon and rubbed into the speci 
men by draWing a circle 25 times clockWise and 25 times 
counterclockwise With a ?nger. The specimen is turned 
upside doWn to drop an excess of the ashes, the template 
having a round hole is removed, dirt is removed three times 
With a clean ?nger by changing the ?nger each time and 
further Wiped off 10 times With absorbent cotton containing 
a small amount of Water to compare the specimen With an 
appearance standard for the removal of dirt (grade 5 is 
excellent and grade 1 is unacceptable). 

[0197] The cigarette ashes used in this test are obtained by 
smashing the ashes of Mild Seven (of Nippon Tobacco 
Industry Co., Ltd.) in a mortar. 

Example 1 

[0198] Nylon-6 as an island component and loW-density 
polyethylene as a sea component Were mixed spun in a ratio 
of 50/50 to obtain a sea-island type composite ?ber of 9.0 
dtex. The obtained composite ?ber Was cut to a length of 51 
mm to obtain raW stock. This raW stock Was carded and cross 

layered to obtain a Web Which Was then needle punched at 
a rate of 1,000 ?bers/cm2, heated in the chamber of a hot air 
drier set at 150° C. and pressed With a calender roll set at 30° 
C. before the base material became cold to prepare a 
nonWoven fabric (sheet) composed of a ?ne ?ber forming 
sea-island type composite ?ber having a Weight of 450 g/m2, 
a thickness of 1.5 mm and an apparent density of 0.30 g/cm3. 

[0199] Thereafter, an impregnating solution (1) (concen 
tration of 15%) prepared by diluting an elastic polymer (1) 
having a 100% elongation modulus of 1,080 N/cm2 (poly 
urethane resin, Crisvon TF50P, manufactured by Dainippon 
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Ink and Chemicals, Inc., concentration of 30 Wt %) With a 
mixed solution of dimethylformamide (to be abbreviated as 
DMF hereinafter) and methyl ethyl ketone (mixing ratio of 
4:6) Was applied to the surface of the above obtained 
nonWoven fabric to a solution Wet Weight of 150 g/m2 to be 
fully impregnated into the sheet and dried in the chamber of 
a hot air drier set at 120° C. Further, the same impregnating 
solution (1) Was applied to the above coated surface again to 
a Wet Weight of 150 g/m2 to be fully impregnated into the 
sheet so as to form an impregnated layer, dried in the 
chamber of a hot air drier at 140° C., and coagulated to 
produce a base material impregnated With the elastic poly 
mer (1) on the front surface side alone. 

[0200] It Was con?rmed from an electron microphoto 
graph that the impregnated elastic polymer (1) Was distrib 
uted from the surface to an average depth of 120 pm in a 
solid state. This Was equivalent to 8% of the thickness of the 
base material. The Weight reduction of the elastic polymer 
(1) in an organic solvent Was 1.6% in the case of toluene 

(80° C., 3 minutes). 
[0201] Thereafter, the impregnated base material Was 
dipped in toluene heated at 80° C. and nipped repeatedly to 
dissolve and remove the polyethylene component as the sea 
component so as to produce composite ?ne ?bers. Then 
toluene contained in the base material Was removed by 
aZeotropy in hot Water heated at 90° C., and the base 
material Was dried in the chamber of a hot air drier set at 
120° C. to obtain a leather-like sheet product composed of 
the ?ne ?bers. 

[0202] DMF Which is a good solvent for the impregnated 
polyurethane resin Was applied to the resin impregnated 
surface of-the obtained leather-like sheet product With a 
200-mesh gravure roll to a Weight of 20 g/m2 and dried, and 
the surface of the sheet product Was polished With abrasive 
paper having a grain siZe of #320 to nap the ?ber on the 
surface-so as to obtain a leather-like sheet product having a 
suede-like appearance and a nap on the surface. 

[0203] The leather-like sheet product having a suede-like 
appearance Was dyed With a metal-containing dye and 
?nished by rubbing. When the section of the obtained sheet 
product Was observed through an electron microscope, the 
structure of the impregnated layer (?rst substrate layer) 
composed of the elastic polymer (1) and the bundle of ?ne 
?bers and the structure of the non-impregnated layer (second 
substrate layer) changed continuously. It could be con?rmed 
that the impregnated layer (?rst substrate layer) Was distrib 
uted to an average depth of 105 pm from the front surface. 
The ratio of the ?ber to the elastic polymer of the impreg 
nated layer Was 29:71 and the Weight of the ?ber in the 
non-impregnated portion (second substrate layer) devoid of 
the polyurethane resin Was 207 g/m2. A bundle of about 
1,000 ?ne ?bers having an average ?neness of 0.005 dtex 
Was existent in the impregnated layer, the elastic polymer 
Was not existent in the inside space of the ?ber bundle, and 
the ?ne ?bers accounted for 50% of the total space volume 
of all the voids in the elastic polymer surrounding the bundle 
of ?ne ?bers. 

[0204] The obtained sheet product hardly extended in any 
direction and had the characteristic feature of a soft material 
With a bending resistance measured With a cantilever of 6.2 
cm in the longitudinal direction and 6.3 cm in the transverse 
direction. It had almost no resiliency With a bending recov 
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ery percentage of 5% though it had a 020/05 value of 3.7 in 
the longitudinal direction and 4.8 in the transverse direction 
Which are excellent as arti?cial leather. The obtained leather 
like sheet product Was a very soft material Which had loW 
resiliency and was similar to high-grade soft natural leather 
When it Was taken hold of. Its physical properties are shoWn 
in Table 1. 

Example 2 

[0205] A nonWoven fabric (sheet) having a Weight of 570 
g/rn2, a thickness of 2.3 mm and an apparent density of 0.25 
g/crn3 Was obtained from the same sea-island type cornposite 
?ber made from nylon-6 and loW-density polyethylene as in 
Example 1 in the same manner as in Example 1 except that 
the Weight Was increased and needle punching Was carried 
out at a rate of 1,400 ?bers/crn2. 

[0206] Thereafter, the same irnpregnating solution (1) 
(concentration of 15%) of the elastic polymer (1) as in 
Example 1 Was applied to the surface of the above non 
Woven fabric in the same manner as in Example 1 except 
that the Wet Weight of the solution Was changed to 340 g/rn2 
to be fully irnpregnated into the sheet and dried in the 
chamber of a hot air drier set at 120° C. to obtain an 
irnpregnated base material impregnated with the elastic 
polyrner on the front surface side alone. It Was con?rrned 
from an electron rnicrophotograph that the irnpregnated 
elastic polymer (1) Was distributed to an average depth of 
150 Iran from the front surface in a solid state. The depth Was 
equivalent to 6.5% of the thickness of the base material. 

[0207] Thereafter, the polyethylene component was dis 
solved and removed from the irnpregnated base material as 
in Example 1 to obtain a leather-like sheet product corn 
prising ?ne ?bers. 

[0208] The surface of the obtained leather-like sheet prod 
uct Was treated in the same manner as in Example 1 to obtain 
a napped and dyed leather-like sheet product having a 
suede-like appearance. When the section of the obtained 
sheet product Was observed from its electron rnicrophoto 
graph, the structure of the irnpregnated layer (?rst substrate 
layer) composed of the elastic polymer (1) and the bundle of 
?ne ?bers and the structure of the non-irnpregnated layer 
(second substrate layer) changed continuously. It could be 
con?rrned that the irnpregnated layer (?rst substrate layer) 
Was distributed to an average depth of about 128 urn from 
the front surface. The ?ne ?bers Were existent in the irnpreg 
nated layer as a ?ber bundle, the elastic polymer was not 
existent in the inside space of the ?ber bundle, and the ?ne 
?bers accounted for 50% of the total space volume of all the 
voids in the elastic polyrner surrounding the bundle of ?ne 
?bers. 

[0209] The obtained sheet product Was a very soft material 
Which hardly extended in longitudinal, transverse and 
oblique directions as compared With its thickness, had loW 
resiliency and was similar to high-grade soft natural leather 
When it Was taken hold of. Its physical properties are shoWn 
in Table 1. 

Example 3 

[0210] A nonWoven fabric (sheet) having a Weight of 870 
g/rn2, a thickness of 2.8 mm and an apparent density of 0.31 
g/crn3 Was obtained from the same sea-island type cornposite 
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?ber consisting of nylon-6 and loW-density polyethylene as 
in Example 1 in the same manner as in Example 1 except 
that the Weight Was increased and needle punching Was 
carried out at a rate of 1,400 ?bers/crn2. 

[0211] Thereafter, the same irnpregnating solution (1) 
(concentration of 15%) of the elastic polymer (1) as in 
Example 1 Was applied to the surface of the above non 
Woven fabric to a solution Wet Weight of 320 g/rn2 to be fully 
irnpregnated into the sheet and dried in the chamber of a hot 
air drier set at 120° C., and the same irnpregnating solution 
Was applied to the opposite side to a Weight of 320 g/rn2 to 
be fully irnpregnated into the sheet and dried in the chamber 
of the hot air drier set at 120° C. so as to obtain a base 
material impregnated with the elastic polymer (1) on both 
sides except for the center portion of the sheet. It Was 
con?rrned from an electron rnicrophotograph that the 
irnpregnated elastic polymer (1) Was distributed to an aver 
age depth of 150 urn from the both surface sides of the base 
material in a solid state. The irnpregnation depth Was equiva 
lent to 4.5% of the thickness of the base material on each 
side. 

[0212] Thereafter, the polyethylene component was dis 
solved and removed from the irnpregnated base material in 
the same manner as in Example 1 to obtain a sheet product 
comprising ?ne ?bers. 

[0213] DMF Was applied to the both surfaces impregnated 
with the elastic polymer of the sheet product to a Weight of 
20 g/rn2 With a 200-rnesh gravure roll and dried, the both 
surfaces of the sheet product Were polished With abrasive 
paper having a grain siZe of #320 to nap the ?ber on the 
surface, and the sheet product Was sliced into tWo at a 
position Where the thickness Was 1/2 and the elastic polyrner 
non-irnpregnated portion existed to obtain leather-like sheet 
products having a suede-like appearance. 

[0214] Each of the obtained leather-like sheet products 
Was treated in the same manner as in Example 1 to obtain a 
napped and dyed leather-like sheet product having a suede 
like appearance. When the section of the obtained sheet 
product Was observed from its electron rnicrophotograph, 
the structure of the irnpregnated layer (?rst substrate layer) 
composed of the elastic polymer (1) and the bundle of ?ne 
?bers and the structure of the non-irnpregnated layer (second 
substrate layer) changed continuously. It could be con?rrned 
that the irnpregnated layer (?rst substrate layer) Was distrib 
uted to an average depth of about 125 urn from the front 
surface. The ?ne ?bers Were existent in the irnpregnated 
layer as a ?ber bundle, the elastic polymer was not existent 
in the inside space of the ?ber bundle, and the ?ne ?bers 
accounted for 50% of the total space volume of all the voids 
in the elastic polyrner surrounding the bundle of ?ne ?bers. 

[0215] The obtained sheet product hardly extended in 
longitudinal, transverse and oblique directions as compared 
With its thickness, had loW stress and easily deforrned but a 
characteristic feature speci?c to soft natural leather Whose 
elongation stops When it elongates a little Was seen. The 
physical properties of the sheet product are shoWn in Table 
1. 

Example 4 

[0216] A leather-like sheet product comprising ?ne ?bers 
Was obtained by the same processing as in Example 2. 
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[0217] An elastic polymer layer Was formed on the surface 
as a grain layer instead of napping the surface of the 
obtained leather-like sheet-product to obtain a suede-like 
appearance. 

[0218] That is, a solution (1) for forming a ?lm layer 
(concentration 15 Wt %) prepared by diluting a polyurethane 
resin (Cu9430NL, manufactured by Dainichiseika Color & 
Chemicals Mfg. Co., Ltd., concentration of 30 Wt %) having 
a 100% elongation modulus of 325 N/cm2 as the elastic 
polymer (2) With a mixed solution of DMF and methyl ethyl 
ketone (mixing ratio of 4:6) Was applied to release paper 
(AR-74M, thickness of 0.25 mm, manufactured by Asahi 
Roll Co., Ltd.) to a Wet Weight of 130 g/m2 and dried at 100° 
C. for 3 minutes. Then, a binder solution (1) comprising 20 
parts of an elastic polymer (3) having a 100% elongation 
modulus of 245 N/cm2 (Crisbon TA265, crosslinked poly 
urethane resin, manufactured by Dainippon Ink and Chemi 
cals, Inc., concentration of 65 Wt %), 80 parts of an elastic 
polymer (4) having a 100% elongation modulus of 245 
N/cm (Crisbon TA290, crosslinked polyurethane resin, 
manufactured by Nippon Ink and Chemicals, Inc., concen 
tration of 45 Wt %), 15 parts of an isocyanate-based 
crosslinking agent (Colonate L, manufactured by Nippon 
Polyurethane Co., Ltd.), 3 parts of a crosslinking accelerator 
(Crisbon Accel T, manufactured by Dainippon Ink and 
Chemicals, Inc.) and 10 parts of DMF Was applied to the 
obtained ?lm to a Wet Weight of 100 g/m2 and laminated 
With the elastic polymer (1) impregnated side of the leather 
like sheet product, the resulting laminate Was dried at 100° 
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C. for 30 seconds, aged at 70° C. for 48 hours and left to be 
cooled for 12 hours, and the release paper Was separated to 
obtain a grain leather-like sheet product having the elastic 
polymer layer on the surface. 

[0219] Further, a polyurethane resin having a 100% elon 
gation modulus of 350 N/cm2 Was applied to the surface 
layer of the sheet product With a 200-mesh gravure roll, and 
a softening agent Was applied to the resin to rub the sheet 
product. 
[0220] When the section of the obtained leather-like sheet 
product Was observed from its electron microphotograph, it 
could be con?rmed that the impregnated layer (?rst substrate 
layer) containing the elastic polymer Was distributed to an 
average depth of 128 pm from the under side of the adhesive 
layer on the front surface side. The ratio of the ?ber to the 
elastic polymer of the impregnated layer Was 27:73 and the 
Weight of the ?ber in the non-impregnated portion (second 
substrate layer) devoid of the elastic polymer Was 266 g/m2. 
The ?ne ?bers Were existent in the impregnated layer as a 
?ber bundle, the elastic polymer Was not existent in the 
inside space of the ?ber bundle, and the ?ne ?bers accounted 
for 50% of the total space volume of all the voids in the 
elastic polymer surrounding the bundle of ?ne ?bers. 

[0221] This leather-like sheet product Was a very soft 
material Which had an excellent buckling feel and loW 
resiliency and Was similar to high-grade soft natural leather 
When it Was taken hold of. The physical properties of the 
sheet product are shoWn in Table 1. 

TABLE 1 

Example 1 Example 2 Example 3 Example 4 

Thickness mm 0.75 1.02 0.73 1.04 
Weight g/m2 283 378 266 441 
Thickness of ?rst substrate layer 105 128 125 128 

[um 
Amount of polymer (Wet)g/m2 300 340 320 340 
Amount of ?ber g/m2 1:; 19 23 19 
Amount of ?ber in second substrate layer 207 266 194 266 
g/m2 
Tensile strength 

longitudinal direction N/cm 138.1 115.3 119.3 157.0 
transverse direction N/cm 90.6 117.9 120.1 127.5 
Elongation 

longitudinal direction % 71.0 80.0 83.0 86.0 
transverse direction % 93.0 97.0 95.0 116.0 
5% elongation stress 05 

longitudinal direction N/cm 11.5 3.2 2.7 3.5 
transverse direction N/cm 2.8 1.4 2.3 0.9 
20% elongation stress 020 

longitudinal direction N/cm 42.3 22.5 21.7 29.4 
transverse direction N/cm 13.3 12.5 16.3 9.4 
020/05 

longitudinal direction/ 3.7/4.8 7.0/8.9 8.0/7.1 8.4/10.4 
transverse direction 

peel strength N/cm 15 15 13 17 
Tear 

longitudinal direction/ 66.0/69.0 71.5/57.0 580/550 730/555 
transverse direction N 

appearance 9 9 9 7 
buckling feel 7 7 7 7 
soft feel 9 9 9 9 
tight feel 2 2 2 4 


















