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(57) ABSTRACT 

A leather-like sheet material is manufactured by form 
ing a non-woven fibrous mat of mixed-spun fibers con 
sisting of at least two polymeric materials, impregnat 
ing the mat with a liquid which is a solvent for at least 
one of the polymeric materials but is a non-solvent for 
the other polymeric materials and dissolving out at 
least one of the polymeric materials, and coagulating 
the resulting polymer solution with another liquid 
which is a non-solvent for all of the polymeric materi 
als constituting initially the fibers but is at least par 
tially miscible with the liquid used for the prior im 
pregnation of the mat into a porous polymeric struc 
ture. 

12 Claims, No Drawings 
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FLEXBLE SHEET MATER ALS 

This is a continuation of application Ser. No. 22,390, 
filed Mar. 24, 1970, now abandoned. 
The present invention relates to producing of flexible 

sheet materials. 
It has been proposed to produce flexible sheet mate 

rials by impregnating a non-woven fibrous mat with a 
polymer solution and coagulating the polymer solution 
by a wet process to deposit the polymer. 

It would be possible to produce a relatively flexible 
product by the proposed method. However, it is diffi 
cult to produce a product having a satisfactory flexibil 
ity, a high substantialness and improved physical prop 
erties by the proposed method. Because, in order to ob 
tain the product having flexibility and substantialness, 
it is required that the fibers are fine and that a sufficient 
amount of polymer is deposited uniformly in porous 
structure, however, it is difficult to form a non-woven 
fibrous mat with fibers of fine denier and further to im 
pregnate the non-woven fibrous mat with a sufficient 
amount of polymer solution in view point of restriction 
of the concentration and viscosity of the polymer solu 
tion. 

It is an object of the present invention to provide flex 
ible sheet materials, particularly leather-like sheet ma 
terials having a satisfactory flexibility, a high substan 
tialness and improved physical properties, and to pro 
vide a method for producing the same. 
The sheet material of the present invention com 

prises; non-woven fibrous mat and polymeric impreg 
nant, the mat comprising fibers consisting of a bundle 
of ultrafine fibers which are preferably bonded each 
other by themselves and/or fibers having a large num 
ber of cells inside. said fibers having initially been mix 
ed-spun fibers which consist of at least two polymeric 
materials, the impregnant consisting of polymeric ma 
terials, the impregnant having a porous structure and 
the impregnant being substantially not bonded to said 
fibers, and the polymeric materials having initially con 
stituted a part of said individual initial mixed-spun fi 
bers. 
The method of the present invention comprises form 

ing a non-woven fibrous mat of mixed-spun fibers made 
of a mixture of at least two polymeric materials, im 
pregnating the mat with a liquid (called hereafter "sol 
vent") which is a solvent for at least one of the poly 
meric materials constituting the mixed-spun fibers but 
which is a non-solvent for the other polymeric materi 
als and dissolving out at least one of but not all of the 
polymeric materials constituting the fibers in the mat, 
thereby impregnating the mat with the polymer solu 
tion which consists of the solvent and the dissolved 
polymeric material(s), and coagulating the polymer so 
lution into a porous polymeric structure which is sub 
stantially not bonded to the fiber by treating the mat 
with another liquid (called hereafter "non-solvent') 
which is a non-solvent for all of the polymeric materials 
constituting initially the fibers but which non-solvent is 
at least partially miscible the solvent with which the 
mat is impregnated. 
The method of the present invention has following 

features: 
The non-woven fibrous mat can be easily impreg 

nated with the solvent by a simple process, e.g., by 
pressing the mat in or on a bath containing the solvent 
or by pouring the solvent onto the mat, without using 
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2 
any particular device for impregnating the solvent and 
the solvent can be easily purged out to adjust the im 
pregnating-ratio of the solvent, because the solvent 
containing no polymeric material has usually low vis 
cosity in comparison with the one containing polymeric 
material. 
Furthermore, the fibers are changed into fibers con 

sisting of a bundle of untra-fine fiber or fibers having 
a large number of cells inside and become flexible with 
out losing the structure as a non-woven fibrous mat, 
when the soluble component in the mixed-spun fibers 
was dissolved by the solvent impregnated, and as the 
result of the above, the resulting sheet material has a 
very flexible texture. Of course, even if the soluble 
component is partially dissolved out so as to make the 
fiber fine in some degree by adjusting the dissolving 
amount of the polymeric material, the object of the 
present invention is achieved. However, it is preferred 
to dissolve out substantially all of the soluble compo 
ent. 

Moreover, according to the present invention, the 
polymer solution filled uniformly is so coagulated by 
treatment with the non-solvent that the polymeric ma 
terial may be uniformly deposited between fibers in a 
cellular structure. Therefore, it is possible to obtain 
sheet materials having a substantialness and a flexibil ity. 
The polymeric material to be used in the present in 

vention include; 
polyamides, such as nylon-6, nylon-66, nylon-7 and 
nylon-6, 10; 

modified polyamides, such as N-alkoxymethylated 
polyamide; 

polyesters, such as polyethylene terephthalate and 
modified polyesters; 

polystyrene; 
polyolefins, such as polyethylene, and polypropylene; 
polyvinyl chloride; 
polyvinylidene chloride; 
polyvinyl acetate; 
polymethacrylate; 
polyvinyl alcohol; 
polyacrylonitrile and 
polyurethane elastomer. 
Preferred combinations of polymeric materials hav 

ing different solubilities for the solvent and solvent are 
as follows: 

polymeric material having 
different solubilities . 
for the solvent 

solvent 

toluene or solution 
nylon-6 polystyrene of calcium chloride 

in methanol 
solution of 

nylon-6 polypropylene calcium chloride 
in methanol 

polyethylene 
terephtalate polystyrene toluene 
polyvinyl 
chloride polypropylene dimethyl formanitle 

polyvinyl 
nylon-6 acetate methanol 

polyurethane 
nylon-6 eastomer tetrahydrofuran 

These and other combinations may be selected de 
pending upon the desired final product. 



3,869,310 
3 

The mixed-spun filament to be used in the present in 
vention may be manufactured by spinning the mixture 
of at least two polymeric materials, e.g., as follows: 
Chips obtained by melting a blend of at least two 

polymeric materials and by cooling the melt are melted 
and the melt is extruded through orifices; 
A mixture of at least two polymeric materials is di 

rectly melted and extruded through orifices; 
At least two polymeric materials are dissolved in a 

suitable common solvent and then the solution are spun 
by a dry or wet process through orifices. In general, 
there are few common solvents and the solution of 
polymeric materials may easily separated into multiple 

10 

4 
to the fibers rather than it is deposited between the fi 
bers when the solvent is evaporated so that a heteroge 
neous sheet having a rigid texture is formed. 
After the polymeric material is deposited in the mat 

by means of the non-solvent, the solvent is washed with 
the non-solvent and the resulting sheet is dried. The 
non-solvent used in the washing is washed with water, 
if necessary, and then the resulting sheet is dried. 
When the non-woven fibrous mat is impregnated 

with a liquid which is a solvent for at least one of high 
polymers in the fiber and is a non-solvent for the other 
high polymers, it is preferable that the non-woven fi 
brous mat is impregnated with the liquid at such a low 
temperature that the liquid does not act as a solvent 

phase, therefore the melt spinning is preferred. 15 and then the temperature of the liquid is raised up to 
The filament may be drawn, crimped and cut into sta- a temperature at which the liquid acts as a solvent to 

ple fibers, if necessary. The non-woven fibrous mat dissolve out at least one of the polymeric materials of 
may be manufactured by dispersing staple fibers in a the mixed-spun fiber in the mat. As the temperature of 
liquid, such as water and then dipping up into a lap, or the liquid impregnated is sufficiently low not to dissolve 
carding staple fibers and blowing off the fibers by air 20 the polymeric material, the soluble components in the 
and collecting the fibers onto a base to form a web. Al- fibers are not dissolved in the impregnating step and 
ternatively, the fibrous mat may be formed by collect- the viscosity of the liquid does not increase and the liq 
ing irregularly the filament to form a web. The resulting uid can be uniformly impregnated. Accordingly, when 
lap or web may be needled through a needle loom to the temperature of the liquid is raised and the soluble 
entangle the filaments or fibers in three dimensional 25 component in the fiber are dissolved out, the polymer 
network structure and may also be treated with a poly- solution can fill throughout the mat. Moreover, the sol 
meric emulsion and dried. The use of these non-woven uble components in the fiber are not dissolved out in 
fibrous mat is convenient to obtain a leather-like sheet the impregnating step and therefore even if the liquid 
material, because the fibers are deposited in random. impregnated is squeezed in order to adjust the ratio of 
Further, it is desirable in order to obtain sheet materials 30 the liquid impregnated, the polymeric material is not 
having improved texture, touch and appearance to de- lost. Accordingly, a flexible sheet having a substantial 
posit the polymers acting as a filler uniformly between ness may be obtained, and the liquid recovered by the 
the fibers. In addition, by such a means the uniformity Squeeze does not contain any polymeric materials and 
of the physical properties of the resulting sheets may be may be used again as such. . . 
improved. 35. It is preferable for the production of leather-like arti 
As the non-solvent, there may be used water, solu- cles to use polyamide as the soluble component and a polymeric material having a solubility for the solvent, tions of salts, low molecular weight organic solvents, s which is different from that of polyamide, as the other and mixtures of these non-solvents with a solvent capa component. In this case, it is also preferred that the 

ble of dissolving out the polymeric material. For exam- 40 non-woven fibrous mat is impregnated with a solvent 
ple, when a non-woven fibrous mat composed of mix- preg for polyamide at such a low temperature that the poly ed-spun fibers consisting of nylon-6 and polystyrene is ide i dissolved d th io of liauid 
used and polystyrene is dissolved out by toluene, meth- amide is not dissolve Out, an t e ratio O the 1qui impregnated is adjusted, after which the mat is heated anol may be used as the non-solvent; when a non- - 

ven fibr t d of mixed in fibers con- to dissolve out the polyamide in the mixed-spun fibers 
S. of es E. t SE S E. 45 between the fibers constituting the non-woven fabric. 
E. The low temperature, which can not dissolve out poly 

thanol, wat y as t f water and methanol amide and the heating temperature suitable for dis 
e s th Or a s E. y R a enaC) solving out the polyamide depend upon the kind of sol 
GENENE yents (the kind of metal salts, the kind of lower alco s ma E. O d" sy 1bers ES 50 hols and the mixing ratio of the metal salt and the lower 

O E. N". E" le R Eyeepy", IS E. al alcohol); the kind, the composition of polymeric mate 
polyEty COr in ved out by f metny E. rials constituting the mixed-spun fibers, the dispersed 
RA st an. Ot E. O St. ''' state of each polymeric materials, and the fineness of 
methylformamide can e used as t e non-so vent. the mixed-spun fiber; and the apparent density and the 
As a process for depositing the dissolved high poly- 55 thickness of the mat. These temperatures may be deter 

mer in the mat, there is such a process that after the mined by a preliminary test in every case. Some em 
polymer is dissolved out in the mat, the solvent for the bodiments, when non-woven fibrous mat having an ap 
polymeric material is evaporated and removed to de- parent density of 0.10 and composed of mixed-spun 
posit the polymeric material in the mat. However, such fibers having a fineness of 3 deniers and consisting of 
a process is not preferable, because the polymeric ma- 60 50 parts of nylon-6 and 50 parts of polypropylene, are 
terial migrates to be distributed unevenly and it adheres shown in the following Table 1. 

Table 1 

Heating 
Metal salt Alcohol Metal saltfalcohol Impregnating temper 

(parts by weight) temperature ature 

ZnCl CHOH 20/80 lower than at least 
50°C 60°C 

dio. do. 30/70 lower than at least 
15°C 40°C 
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Table 1 - Continued 

Heating 
Metal salt Alcohol Metal saltfalcohol Impregnating temper 

(parts by weight) temperature atute 

do. do. 40/60 lower than at least 
0°C 40°C 

CaCl, do. 10/90 do. do. 
do. do. 1518.5 do. do. 
do. do. 20/80 lower than do. 

. 15°C 

CaCl2.HO do. 10/90 lower than at east 
50°C 60°C 

do. do. 1518.5 lower than at least 
15°C 40°C 

do. do. 20180 do. do. 
do. do. 30/70 do. do. 

The polyamide to be used in the present invention in- EXAMPLE 
cludes various polyamides, for example, nylon-6 and 
nylon-66, polycocondensates thereof and modified 
polyamides. 
The component having a different solubility for a sol 

vent from that of the polyamide includes polyolefins, 
such as polyethylene and polypropylene, polyesters, 
such as polyethylene terephthalate and polypivalo 
lactone, and vinyl polymers, such as polyvinyl chloride 
and polyacrylonitrile. 
The solvent for the polyamide includes solutions of 

metal salts in lower alcohol; fatty acids, such as formic 
acid and acetic acid, aqueous solutions thereof, inor 
ganic acids, such as sulfuric acid and nitric acid, and 
aqueous solutions thereof; and phenol series solvents, 
such as phenol and metacresol. Among then, solutions 
of metal salts in lower alcohols can be used most advan 
tageously. Lower alcohols, such as methanol, may be 
used as a solvent for modified polyamides, such as N 
alkoxymethylated polyamide, 
The metal salts to be used as the solution in lower al 

cohol include metal chlorides, such as CaCl2, ZnCl2, 
CuCl, LiCl, SnCl4 and TiCl, and their hydrates. The 
lower alcohol includes CH3OH, C2H5OH, CHOH. 
For the coagulation of polyamide, there may be used 

any non-solvents for both the polyamide and the other 
components constituting the fiber, e.g., water, aqueous 
solutions of metal salts, lower alcohols, aqueous Solu 
tions of lower alcohols. 
As the coagulation bath, use may be made of 5 to 

60%, preferably 10 to 45% aqueous solution of the 
above metal salt, or an aqueous solution containing 5 
to 40% of the above metal salt and 5 to 30% of the 
above lower alcohol. Coagulation is preferably effected 
by using such baths at a temperature of 10° to 60°C for 
at least 5 minutes, preferably at least 10 minutes. After 

25 
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50 

the coagulation, it is preferred that the salt is removed 
at 10° to 90°C, preferably at 10 to 65°C by washing. 
When the amounts of metal salt and lower alcohol in 

the coagulation bath are smaller, the texture of the re 
sulting sheet is rigid and the polyamide cellular struc 
ture is not uniform, while when these amounts are 
larger, the coagulation velocity is too slow and such 
amounts are not preferable. When the coagulation tem 
perature is lower than 10°C, coarse and non-uniform 
cellular structure is formed. When temperature is 
higher than 60°C, the resulting sheet material has an 
unfavorable texture. A longer coagulation time is pref 
erable. 
The following examples are given in illustration of 

this invention and are not intended as limitation 
thereof. "Parts' used hereinafter is by weight. 

55 

60 

65 

Mixed-spun fibers having 3 deniers and composed of 
50 parts of nylon-6 and 50 parts of polypropylene were 
crimped and cut and the staple fibers obtained were 
formed into a web by using an air flow. The web was 
subjected to a needle punching to obtain a three dimen 
sionally entangled non-woven fibrous mat of 600 g/m. 
The mat was impregnated with a solution consisting of 
40 parts of zinc chloride and 60 parts of methanol, 
which is a non-solvent for polypropylene but is a sol 
vent for nylon-6, at room temperature and the mat thus 
impregnated was squeezed by a press roll so as to adjust 
the amount of solution impregnated to 200 g/m. The 
mat thus treated was left to stand for 20 minutes to 
allow the major part of nylon-6 in the mixed-spun fibers 
to dissolve out and to make a fibrous mat consisting of 
fibers which were composed of bundle of ultra-fine fi 
bers of polypropylene and being impregnated with a so 
lution of the nylon-6. Thereafter, the mat was dipped 
in water at 50°C for 20 minutes to coagulate and de 
posit the nylon-6 solution between the fibers uniformly 
in cellular polymeric structure and then treated with 
water at 80°C to remove zinc chloride and methanol 
and dried. 
The resulting sheet was similar to leather in touch 

and texture and was excellent in tensile strength and 
tear strength. 

EXAMPLE 2 
Mixed-spun fibers having 5 deniers and composed of 

60 parts of nylon-6 and 40 parts of polyester (polyeth 
ylene terephthalate) were crimped and cut and the sta 
ple fibers obtained were formed into a web by using an 
air flow. The web was impregnated with a polyurethane 
emulsion in an approximately equivalent amount and 
dried to form a web having a stable shape. On the web 
a solution having a temperature of 80°C and consisting 
of 20 parts of anhydrous calcium chloride and 80 parts 
of methanol, which solution is a non-solvent for polyes 
ter but is a solvent for nylon-6, was sprayed by a shower 
and the web was slightly pressed to allow the web to be 
impregnated with 400 g/m’ of the solution, then the 
web was left to stand at 50°C for 5 minutes to dissolve 
the major part of nylon-6 and to make a fibrous mat 
consisting of fibers which were composed of bundle of 
ultra-fine fibers of polyester and being impregnated 
with a solution of nylon-6. Then, the mat was dipped in 
water at 50°C for 20 minutes to coagulate and deposit 
the solution of nylon-6 between the fibers uniformly in 
cellular polymeric structure and then treated with 
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water at 80°C to remove calcium chloride and metha 
nol and dried. 
The resulting sheet was similar to leather in touch 

and texture and had improved physical properties. 
EXAMPLE 3 

Mixed-spun fibers having 3 deniers and composed of 
30 parts of nylon-6 and 70 parts of polypropylene were 
crimped and cut and the resulting staple fibers were 
formed into a web by using an air flow. The web was 
subjected to a needle punching to obtain a three dimen 
sionally entangled non-woven fibrous mat of 400 g/m. 
The mat was impregnated with a solution having a tem 
perature of 50°C and consisting of 50 parts of zinc chlo 
ride and 50 parts of methanol, which solution is a non 
solvent for polypropylene but is a solvent for nylon-6, 
and the mat impregnated was squeezed by a press roll 
so as to adjust the amount of solution impregnated to 
1,000 g/m. The mat thus treated was left to stand at 
50°C for 20 minutes to dissolve out the major part of 
nylon-6 and to make fibrous mat consisting of cellular 
polypropylene fibers and being impregnated with a so 
lution of nylon-6. Thereafter, the mat was dipped in 
water at 50°C for 20 minutes to coagulate and deposit 
the nylon solution in the fibers uniformly in cellular 

10 

15 

25 
polymeric structure and then treated with water at 
80°C to remove zinc chloride and methanol and then 
dried. 
The resulting sheet was similar to leather in texture 

and touch and had improved physical properties. 
EXAMPLE 4 

Mixed-spun fibers having 3 deniers and composed of 
50 parts of nylon-6 and 50 parts of polypropylene were 
crimped and cut. The staple fibers were formed into a 
web by using an air flow. The web was subjected to nee 
dle punching to form a three dimensionally entangled 
non-woven fibrous mat of 600 g/m. The mat was im 
pregnated with a solution consisting of 40 parts of zinc 
chloride and 60 parts of methanol, which solution is a 
non-solvent for polypropylene but is a solvent for ny 
lon-6, at 120°C and the mat impregnated was squeezed 
by a press roll so as to adjust the amount of solution im 
pregnated to 1,200 g/m and then was left to stand at 
60°C for 20 minutes to dissolve out the major part of 
nylon-6 in the mixed-spun fibers and to make fibrous 
mat consisting of fibers which were composed of bun 
dle of untra-fine fibers of polypropylene and being im 
pregnated with a solution of the nylon-6. Thereafter the 
mat thus treated was dipped in water at 50°C to coagul 
late and deposit the solution of nylon-6 between the fi 
bers uniformly in cellular polymeric structure and then 
treated with water at 80°C to remove zinc chloride and 
methanol and then dried. 
The resulting sheet was similar to leather in touch 

and texture and had excellent tensile strength and tear 
strength. 

EXAMPLE 5 

Mixed-spun fibers having 5 deniers and composed of 
60 parts of nylon-6 and 40 parts of polyethylene tere 
phthalate were crimped and out. The resulting staple 
fibers were formed into a web having 200 g/m by using 
an air flow and the web was treated with an acryloni 
trile emulsion and dried. On the web a solution having 
a temperature of 15°C and consisting of 20 parts of an 
hydrous calcium chloride and 80 parts of methanol, 
which solution is a non-solvent for polyester but is a 
solvent for nylon-6, was sprayed by a shower and the 
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mat thus treated was slightly pressed so as to adjust the 
amount of solution impregnated to 400 g/m. The mat 
impregnated was so heated that the temperature of the 
solution was raised to 60°C, whereby the major part of 
nylon-6 was dissolved out to make a fibrous mat consti 
tuted with cellular polyester fibers which mat was im 
pregnated with a solution of the nylon-6. The mat was 
dipped in water at 50°C for 20 minutes to coagulate 
and deposit the solution of the nylon-6 between the fi 
bers uniformly in cellular polymeric structure and then 
treated with water at 80°C to remove calcium chloride 
and methanol and then dried. 
The resulting sheet was similar to leather in texture 

and touch and had excellent properties. 
FXAMPLE 6 

A non-woven fibrous mat of 400 g/mhaving an ap 
parent density of 0.10 g/cm' was prepared from mixed 
spun fibers composed of 50 parts of nylon-6 and 50 
parts of polypropylene and having a fineness of 3 deni 
ers and a length of 51 mm by means of a random web 
ber and a needle loom. The mat was dipped in a bath 
composed of 20 parts of anhydrous zinc chloride and 
80 parts of methanol at 15°C to impregnate the mat 
with the zinc chloride solution in methanol without dis 
solution of the nylon-6. Thereafter, the mat was 
squeezed by means of a press roll so that the weight 
ratio of the mat to the zinc chloride-methanol solution 
was 1:3. The mat was heated on a hot plate at 60°C for 
5 minutes to dissolve out the nylon-6 in the mixed-spun 
fibers between fibers in the mat, and the mat was 
treated with water at 50°C to coagulate the nylon-6 so 
lution, demineralized at 80°C, and then dried. 
The resulting sheet material was flexible and had an 

improved substantialness and a leather-like texture and 
resilience. The sheet had an apparent density of 0.30 
g/cm and a strength of 1.5 Kg/mm. The sheet did not 
change the weight from the non-woven fibrous mat 
prior to the treatment above described, and the poly 
amide in the mixed-spun fibers was not lost. 

EXAMPLE 7 

The non-woven fibrous mat used in Example 6 was 
dipped in a bath kept at 10°C and composed of 40 parts 
of anhydrous zinc chloride and 60 parts of methanol to 
impregante the mat with the solution of zinc chloride 
in methanol. Thereafter, the mat was squeezed by 
means of a press roll so that the weight ratio of the mat 
to the zinc chloride solution was 1:4. The mat was 
heated on a hot plate at 50°C for 5 minutes to dissolve 
out the nylon-6 which consists of the mixed-spun fibers 
into the spaces of the mat, and was then treated with 
water at 50°C to coagulate the nylon-6 solution, demin 
eralized at 80°C, and dried. The resulting sheet mate 
rial did not change the weight from the non-woven fab 
ric prior to the treatment above described, and had 
substantially the same properties as those in Example 
6. 

When the surface of the sheet was ground, the end of 
fibers were branched into fine fibers having a diameter 
of about 0.1 to lp to form a velour-like surface. 

I EXAMPLE 8 

A non-woven fibrous mat of 400 g/m having an ap 
parent density of 0.08 g/cm was prepared from mixed 
spun fibers composed of 60 parts of nylon-6 and 40 
parts of polyethylene terephthalate and having a fine 
ness of 5 deniers and a length of 51 mm by means of 
a random webber and a needle loom. The mat was 
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dipped in a bath composed of 30 parts of calcium 
chloride dihydrate and 70 parts of methanol to im 
pregnate the mat with the calcium chloridemethanol 
solution, and then squeezed by means of a press 
roll so that the weight ratio of the mat to the solution 5 
was 1:2. The mat was treated in the same manner as 
described in Example 6. The sheet material thus 
obtained had a leather-like appearance, structure and 
texture, and was excellent in the tensile strength, 
tear strength and heat resistance. The sheet is appli 
cable to industrial uses, such as belt. 

EXAMPLE 9 

A random web was prepared from mixed-spun fibers 
composed of 50 parts of nylon-6 and 50 parts of poly 
propylene and having a fineness of 3 deniers, and the 
random web was formed into a non-woven fibrous mat 
having a three dimensional network structure by means 
of a needle loom. The mat was impregnated with a solu 
tion composed of 40 parts of zinc chloride dihydrate 

10 

15 

20 
and 60 parts of methanol at 10°C, and then squeezed . 
by means of a press roll so that the weight ratio of the 
mat to the solution was about 1:4. The mat was kept at 
50°C for 10 minutes to dissolve out the nylon-6 from 
the mixed-spun fibers and to make a fibrous mat com 
posed of ultra-fine polypropylene fibers and impreg 
nated with the solution of the nylon-6. - 
The mat containing the solution of the nylon-6 was 

treated in a coagulation bath composed of 30 parts of 
zinc chloride dihydrate and 70 parts of water at 50°C 
for 30 minutes to coagulate the solution of the nylon-6, 
demineralized in water at 50°C for 30 minutes, further 
demineralized in water at 80°C for 30 minutes while re 
peatedly pressing, and then dried. 
The obtained sheet had a leather-like texture and 

toughness. - 

EXAMPLE 10 

A random web prepared from mixed-spun fibers 
composed of 50 parts of nylon-6,6 and 50 parts of poly 
ethylene and having a fineness of 4 deniers was formed 
into a non-woven fibrous mat having a three dimen 
sional network structure by means of a needle loom. 
The mat was impregnated with a solution composed of 
35 parts of calcium chloride, 62 parts of methanol and 
3 parts of p-nonylphenol at 15°C, and then squeezed so 
that the weight ratio of the mat to the solution was 1:5. 
The mat was kept at 50°C for 10 minutes to dissolve out 
the nylon-6,6 from the mixed-spun fibers, treated in a 
coagulation bath composed of 50 parts of calcium chlo 
ride dihydrate and 50 parts of water at 50°C for 30 min 
utes to coagualate the nylon-6,6 solution and then 
treated in the same manner as described in Example 9 
to obtain a leather-like sheet. 

EXAMPLE 

A non-woven fibrous mat was prepared from mixed 
spun fibers composed of 10 parts of nylon-6, 25% of 
which were methoxymethylated, 40 parts of nylon-6 
and 50 parts of polyethylene terephthalate in the same 
manner as described in Example 9. The mat was im 
pregnated with a solution composed of 40 parts of cal 
cium chloride dihydrate and 60 parts of methanol at 
5°C, and then squeezed so that the weight ratio of the 
mat to the solution was 1:4. The mat was kept at 40°C 
for 20 minutes to dissolve out the nylons, treated in a 
coagulation bath composed of 10 parts of calcium chlo 
ride dihydrate and 90 parts of water at 30°C for 50 min 
utes to coagulate the nylon solution, demineralized in 
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water at 70°C for 60 minutes while pressing, and dried 
to obtain a flexible and tough leather-like sheet. 

EXAMPLE 12 

A random web was prepared from mixed-spun fibers 
composed of 50 parts of nylon-6 and 50 parts of poly 
propylene and having a fineness of 3 deniers, and the 
random web was formed into a non-woven fibrous mat 
having a three dimensional network structure by means 
of a needle loom. The mat was impregnated with a solu 
tion composed of 40 parts of zinc chloride dihydrate 
and 60 parts of methanol at 10°C, and squeezed by 
means of a press roll so that the weight ratio of the mat 
to the solution was about 1:4. The mat was kept at 50°C 
for 10 minutes to dissolve out the nylon-6 from the mix 
ed-spun fibers and to form a fibrous mat composed of 
ultra-fine polypropylene fibers and impregnated with 
the nylon-6 solution. The mat containing the nylon-6 
solution was treated in a coagulation bath composed of 
30 parts of zinc chloride dihydrate, 20 parts of metha 
nol and 50 parts of water at 50°C for 30 minutes to co 
agulate the nylon-6 solution, demineralized in water at 
50°C for 30 minutes, further demineralized in water at 
80°C for 30 minutes while repeatedly pressing, and 
then dried. 
The sheet material obtained had a leather-like tex 

ture and toughness. 
EXAMPLE 13 

A random web prepared from mixed-spun fibers 
composed of 50 parts of nylon-6,6 and 50 parts of poly 
ethylene and having a fineness of 4 deniers was formed 
into a non-woven fibrous mmat having a three dimen 
sional network structure by means of a needle loom. 
The mat was impregnated with a solution composed of 
35 parts of calcium chloride, 62 parts of methanol and 
3 parts of p-nonylphenol at 15°C, and then squeezed so 
that the weight ratio of the mat to the solution was l:5. 
The mat was treated in a coagulation bath composed of 
50 parts of calcium chloride dihydrate, 5 parts of meth 
anol and 45 parts of water at 50°C for 30 minutes to co 
agulate the nylon-6,6 solution, and then treated in the 
same manner as described in Example 12 to obtain a 
leather-like sheet. 

EXAMPLE 14 
A non-woven fibrous mat was prepared from mixed 

spun fibers composed of 10 parts of nylon-6, 25% of 
which were methoxymethylated, 40 parts of nylon-6 
and 50 parts of polyethylene terephthalate in the same 
manner as described in Example 12. The mat was im 
pregnated with a solution composed of 40 parts of cal 
cium chloride dihydrate and 60 parts of methanol at 
5°C, and then squeezed so that the weight ratio of the 
mat to the solution was 1:4. The mat was kept at 40°C 
for 20 minutes to dissolve out the nylons, treated in a 
coagulation bath composed of 10 parts of calcium chlo 
ride dihydrate, 15 parts of methanol and 75 parts of 
water at 30°C for 50 minutes to coagulate the nylon so 
lution, demineralized in water at 70°C for 60 minutes 
while pressing, and dried to obtain a flexible and tough 
leather-like sheet. 

EXAMPLE 5 
Mixed-spun fibers consisting of 60 parts of nylon-6 

and 40 parts of polyester (polyethylene terephthalate) 
and having 5 deniers were crimped and cut. The result 
ing staple fibers were formed into a web of 200 g/m by 
means of an air flow. The web was impregnated with a 
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polyurethane emulsion in substantially the same 
amount as the fiber and dried to form a web stable 
shaped. Then, a solution at 10°C composed of 20 parts 
of anhydrous calcium chloride and 80 parts of metha 
nol, which solution is a non-solvent for polyester but is 
a solvent for nylon-6, was sprayed on the web by means 
of a shower and then pressed slightly to contain this so 
lution of 400 g/m. Thereafter, the web thus treated 
was heated at 50°C for 5 minutes to dissolve out the 
major part of nylon-6 and to make the non-woven fi 
brous mat composed of ultra-fine polyester fibers im 
pregnated with the nylon solution. 
Then, said mat was dipped in a coagulation bath con 

sisting of 37 parts of calcium chloride and 63 parts of 
water at 60°C for 10 minutes and further in water at 
50°C for 20 minutes to coagulate thoroughly and then 
treated with water at 80°C to remove calcium chloride 
and methanol and dried. The sheet material thus ob 
tained had leather-like texture and touch and excellent 
physical properties. 

EXAMPLE 16 
Mixed-spun fibers consisting of 45 parts of nylon-6,6 

and 55 parts of polystyrene and having 3.5 deniers were 
crimped and cut, and the resulting staple fibers were 
formed into a web by means of an air flow, and the web 
was needle-punched to form a three dimensionally en 
tangled non-woven fibrous mat of 600 g/m. The mat 
was impregnated with toluene, which is a non-solvent 
for nylon-6,6 but is a solvent for polystyrene, at room 
temperature and squeezed by means of a press roll so 
as to contain toluene of 1,200 g/m. The mat thus 
treated was heated to 60°C and then left to stand for 20 
minutes at this temperature to dissolve out the major 
part of polystyrene in the fibers and to make the non 
woven fibrous mat constituted with cellular nylon-6,6 
fibers impregnated with the polystyrene solution. Then, 
the mat was dipped in a methanol solution at 50°C for 
20 minutes to coagulate and deposit uniformly the pol 
ystyrene solution between the fibers in cellular struc 
ture, and treated with water at 80°C to remove metha 
nol and toluene and dried. 
The sheet material obtained had leather-like touch 

and texture and excellent tensile strength and tear 
strength. 

EXAMPLE 1 7 

A mixture of aqueous polyvinyl alcohol (PVA) solu 
tion and polyvinyl chloride (PVC) emulsion was ex 
truded into a Glauber's salt bath and then was hot 
drawn to form mixed-spun fibers consisting of 60 parts 
of PVA and 40 parts of PVC which were cut into 7 mm. 
90 parts of the resulting staple fibers and 10 parts of 
polyvinyl alcohol (PVA) fiber for a papermaking 
binder were formed into a fibrous mat having a weight 
of 150 g/m by a wet process. This mat was impreg 
nated with dimethylformamide (DMF), which is a non 
solvent for PVA but is a solvent for PVC, at room tem 
perature and squeezed by means of a press roll so as to 
contain DMF of 300 g/m. The mat thus treated was 
heated at 50°C for 5 minutes to dissolve out the major 
part of PVC and to make the mat constituted with cel 
lular PVA fibers impregnated with PVC solution. Then, 
the mat was dipped in a bath composed of 50 parts of 
DMF and 50 parts of water at 50°C for 10 minutes to 
coagulate and deposite uniformly PVC solution be 
tween the fibers of the mat in cellular structure, and 
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12 
treated with water at 80°C to remove DMF and dried. 
The sheet material obtained had leather-like texture 
and touch. This sheet was treated with a plasticizer 
such as dioctyl phthalate and dibutyl phthalate to ob 
tain a highly flexible sheet material, which was similar 
to a leather for clothes. 

EXAMPLE 8 

Mixed-spun fibers consisting of 50 parts of polypro 
pylene (PPr) and 50 parts of ester-series polyurethane 
elastomer (PU) and having 3 deniers were cut and the 
resulting staple fibers were formed into a web of 200 
g/m by means of an air flow. This web was treated with 
polyacrylate emulsion and dried to obtain a web ap 
plied with polyacrylate resin of 15% based on the fiber. 
This web was sprayed with dimethylformamide (DMF), 
which is a non-solvent for PPr but is a solvent for PU, 
at room temperature by means of a shower and then 
pressed slightly to contain DMF of 300 g/m. Thereaf 
ter, the web thus treated was heated at 60°C for 5 min 
utes to dissolve out the major part of PU and to make 
the web constituted with ultra-fine PPr fibers impreg 
nated with PU solution. Then, the web thus obtained 
was dipped in a bath composed of 50 parts of DMF and 
50 parts of water at 50°C for 20 minutes to coagulate 
and deposite uniformly PU solution between the fibers 
in cellular structure, and treated with water at 80°C to 
remove DMF and dried. 
The sheet material thus obtained had leather-like tex 

ture, touch and physical properties. 
EXAMPLE 1.9 

A mixed solution consisting of a solution of poly 
acrylonitrile (PAN) in DMF and a solution of ester 
series polyurethane elastomer (PU) in DMF was ex 
truded into a bath composed of 50 parts of DMF and 
50 parts of water at 65°C and was drawn to obtain mix 
ed-spun fibers consisting of 50 parts of PAN and 50 
parts of PU and having 5 deniers, which were cut, and 
the resulting staple fibers were formed into a web of 
250 g/m by means of an air flow. This web was sprayed 
with a solution consisting of 60 parts of DMF and 40 
parts of water and pressed and dried at 50°C to obtain 
a web having an apparent density of 0.25 g/m. Then, 
this web was sprayed with tetrahydrofuran (THF), 
which is a solvent for PU but is a non-solvent for PAN, 
at 15°C by means of a shower and then pressed slightly 
to contain THF of 400 g/m. Thereafter, the web thus 
treated was heated at 40°C for 5 minutes to dissolve out 
the major part of PU and to make the web constituted 
with ultra-fine PAN fibers impregnated with PU solu 
tion. Then, the web thus obtained was dipped in a bath 
composed of 30 parts of THF and 70 parts of water at 
30°C for 20 minutes to coagulate and deposit uniformly 
PU solution between the fibers in cellular structure, 
and treated with water at 60°C to remove THF and 
dried. 
The sheet material thus obtained had leather-like tex 

ture and physical properties. Furthermore, the sheet 
was subjected to a buffing to obtain a sheet material 
having chamois-like texture and touch. Moreover, 
when this chamois-like sheet was sprayed with DMF 
and pressed at 50°C, a sheet material had texture, 
touch and physical properties to be used as shoe-upper. 
What is claimed is: 
1. A process for preparing a fibrous sheet, comprising 

forming a non-woven fibrous mat of mixed-spun fibers 
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comprising at least two kinds of polymeric materials se 
lected from the group consisting of polyamides, N 
methoxymethylated polyamides, polyesters, polysty 
rene, polyolefins, polyvinyl chloride, polyvinylidene 
chloride, polyvinyl acetate, polymethacrylates, polyvi 
nyl alcohol, polyacrylonitrile and polyurethane elasto 
mers, said at least two kinds of polymeric materials 
having different solvent solubilities, 
impregnating said mat with a first liquid which is a 
solvent for at least one of said polymeric materials 
but a non-solvent for the other polymeric materials 
at a temperature sufficiently low that said liquid 
substantially does not dissolve the polymeric mate 
rials for which it is a solvent; 

heating the impregnated mat to a temperature at 
which said polymeric material is partially or wholly 
dissolved, and the solution of said polymeric mate 
rial is distributed through the fibrous mat, while 
substantially none of the other polymeric materials 
are dissolved into the first liquid, and 

coagulating said polymer solution by treating said 
mat with a second liquid which is a non-solvent for 
all of the polymeric materials which constitute said 
mixed-spun fibers and which is at least partially 
miscible with said first liquid to form a porous poly 
meric structure which is substantially nonbonded 
to the fibers of said fibrous mat. 

2. A process according to claim 1, in which said first 
liquid dissolves a major portion of said first polymeric 
material. 
3. A process according to claim 2, in which said first 

liquid dissolves substantially all of said first polymeric 
material. 
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14 
4. A process according to claim 1, in which said first 

polymeric material is a polyamide, said first liquid is a 
solution of a metal chloride in a lower alcohol, acetic 
acid or formic acid or an aqueous solution thereof, an 
inorganic acid or an aqueous solution thereof or a phe 
nol series solvent and said second liquid is water, an 
aqueous solution of a metal chloride, a lower alcohol 
or an aqueous solution of a lower alcohol. 

5. A process according to claim 1, in which said first 
polymeric material is an N-methoxymethylated poly 
amide and said first liquid is a lower alcohol. 

6. A process according to claim 5, in which said 
lower alcohol is methanol. 

7. A process according to claim 1, in which said poly 
amide is selected from the group consisting of nylon-6, 
nylon-6,6 nylon-7 and nylon-6, 10. 

8. A process according to claim 1, in which said poly 
olefin is polyethylene or polyproplene. 
9. A process according to claim 1, in which said sec 

ond liquid is an aqueous solution comprising from 5 to 
60 per cent of a metal chloride. 

10. A process according to claim 1, in which said 
aqueous solution comprises from 10 to 45 per cent of 
said metal chloride. 

11. A process according to claim 1, in which said sec 
ond liquid is an aqueous solution comprising from 5 to 
40 per cent of a metal chloride and from 5 to 30 per 
cent of a lower alcohol. 

12. A process according to claim 4, in which said 
metal chloride is calcium chloride, zinc chloride, cu 
pric chloride, lithium chloride, stannic chloride or tita 
nium tetrachloride. 
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