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My invention relates to a new process for the manu 
facture of porous, air-permeable, ?exible sheet material. 
The present application is a continuation-in-part of 

my co-pending United States patent applications Serial 
Nos. 102,423 and 102,425, both ?led on June 30, .1949, 
both now abandoned. 
One object of the invention is to produce a porous, 

air-permeable, ?exible sheet material consisting of an 
open skeleton of ?ne, cardable, intermingled, polyposed 
?bers having substantially uniformly distributed there; 
through small, ?lmy binder particles adhering to the 
?bers and cementing the ?bers together at their crossing 
points without either completely encasing the ?bers or 
?lling the interstices therebetween. to any substantial 
extent. 

Another object of the invention is to produce a thin, 
porous sheet material having a thickness of about 0.1 
to about 3.5 mm. 

Still another object of the invention is to produce a 
thin, porous sheet material having a light weight of from 
about 40 g. to about 1700 g. per square m. 
A still further object of the invention is to produce a 

light, ?brous sheet material which is stabilized by rela 
tively small, uniformly distributed binder particles lo 
cated principally at the crossing points of the individual 
?bers and which contains relatively large proportions, 
such as from about 25% to about 75% by weight of 
?ber material. 

Still a further object of the invention is to produce. a 
?brous sheet material starting from very loose, light and 
thin ?eeces which are made of ?ne, cardable, polyposed 
?bers and which have very little inherent stability, and 
stabilizing such ?eeces by incorporation therein of about 
331/3 to 300 parts by weight of binder material per 100 
parts by weight of ?bers, said binder material being uni 
formly distributed throughout the ?brous skeleton in the 
form of small, ?lmy coating particles adhering to' the 
?bers, particularly at the crossing points between, adja 
cent ?bers. 
A particular object of the invention is to produce a 

sheet material which has a high absorptivity for water 
which may, if desired, be further increased with simul 
taneous strengthening of the sheet material by an after 
treatment with binder material as described in my United 
States patent application Serial No. 262,942, ?led De 
cember 22, 1951, which is a continuation-in-part of my 
copending United States patent application Serial No. 
102,424, ?led June 30, 1949, now abandoned. 

It has been found that a satisfactory, uniform impreg 
nation of light, thin, loose ?eeces consisting of inter 
mingled, polyposed, ?ne cardable ?bers with retention 
of numerous relatively large interstices between the ?bers 
is frequently extremely difficult to accomplish. The thin 
?eeces are apt to be damaged if binder material is in 
corporated therein in liquid form by spraying with, or 
by immersion in, a liquid. If the liquid is viscous, it 
does not penetrate the ?eece uniformly,‘and if a thinly 
?owing liquid is used, the impregnation tends to accu~ 
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mulate in the lower part of the ?eece due to its gravity. 
Frequently, the light ?eeces collapse or distintegrate com— 
pletely, under treatment with liquids and become de 
formed so that the interstices between the ?bers are irreg 
ularly reduced and enlarged in size and maybe more or 
less ?lled with binder material, thus producing a thor 
oughly unsatisfactory product. ' 

It is a special object of the present vinvention to ob 
viate these disadvantages and to devise a process for the 
preparation of light, highly porous, ?brous sheet material ' 
which is simple and ef?cient, and which produces the 
desired results with a variety of ?bers or ?ber mixtures 
and also with a variety of binder materials. 

According to my invention, a porous, air-permeable, 
?exible sheet material is produced by a process which 
comprises the following essential steps: ‘ 
A loose ?eece is prepared of intermingled, polyposed, 

?ne, cardable ?bers, said ?eece weighingabout 35 g. :to 
about 1000 g. per square m. The loose ?eece, which 
has very little stability of its own, is next pre-treated ‘to 
produce a light surface cohesion without appreciable re 
duction in the porosity of the sheet. This may be ac 
complished, for instance, by making the ?eece at least 
at one surface thereof of ?bers which can be given ad 
hesive properties by suitable treatment. Thus, thermo 
plastic ?bers may be employed which are cohered by 
means 'of heat treatment or by spraying with acetone, 
or alginate ?bers may be used which can be rendered 
cohesive by a treatment with soap solutions and drying. 
I prefer to obtain the desired light surface cohesion of 
the ?eece by application to one surface thereof of a ?rst 
binding agent in a carrier liquid and drying of the ?eece 
to effect stabilization of the binder by removal of the 
carrier liquid. According to a preferred embodiment of 
my invention, the surface impregnation is effected by 
treating the surface of the ?eece to be stabilized with a 
binder liquid in the form of a light, stable foam, which 
may contain from about 9 to 13 volume parts of gas 
per volume part of liquid. ' 

This pre-treatment of one surface gives to the ?eece 
su?icient stability to make it resistant to the physical 
stresses of the next following through impregnating step. 
According to my invention, through impregnation is ac 
complished by pressing into the untreated surface of the 
?eece an aqueous binder material in the form of a stable, 
?owable foam under a pressure to effect a substantially 
complete and uniform penetration of the ?eece with si 
multaneous destruction of part of the foam cells and 
preservation of numerous, relatively large interstices be 
tween the ?bers. 

While, in some instances, a substantially uniform im 
pregnation of a loose ?ber ?eece may be accomplished 
by pressing foam .into a ?eece super?cially pretreated on 
one surface through the pretreated surface, or into a 
?eece super?cially pretreated on both surfaces through 
one or both of the pretreated surfaces, it has been found 
that a satisfactory penetration of an aqueous binder foam 
into a ?eece through a surface pretreated with even 
minute quantities of binder material can frequently not be 
accomplished without di?iculties. The resistance o?ered 
by the pretreated surfaces to the penetration by the foam 
makes it necessary to use foams containing relatively 
small proportions of gas and which are made from liquid 
binder materials containing relatively small proportions 
of binder solids. comparatively high pressure is neces 
sary to effect a complete penetration even of ?ght, ?ow 
able foam particles through a pretreated surface or pre 
treated surfaces and, as a result, the ?ber. skeleton may" 
be compressed or condensed to an undesirable extent or 
even torn without being su?iciently stabilized by binder 
particles precipitated at the crossing points of adjacent 
?bers. 
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It is therefore an essential feature of the present inven 
tion that the starting ?eeces are super?cially presta- ' 
bilized on one surface only and the binder foam used for 
through-impregnation of the ?eece is pressed into the 
?eece through the untreated surface thereof. This pro 
cedure permits the use of foams having a relatively high 
gas content and containing a higher proportion of solid 
binder material to liquid carrier. It also makes possible 
the use of relatively low pressures for a complete pene 
tration of the ?eece without undesirable condensation of 
the ?eece or elimination of most of the interstices between 
the ?bers and without destruction of the thin, loose ?ber 
?eece. 

After through impregnation, the sheet material is dried 
without pressure to remove the water from the ?nely 
distributed liquid particles formed by the partial destruc 
tion of the foam cells and from the remaining foam 
cells which are thus caused to collapse during the drying 
operation. As the foam is broken up, small ?lmy particles 
of binder material are deposited on the ?bers and col 
lect mainly at the crossing points between adjacent ?bers 
where they ?nd relatively large solid supports. Thus, a 
stabilized sheet structure is obtained in which a ?ber 
skeleton has uniformly distributed therethrough rela 
tively small, ?lmy binder particles positioned mainly at 
the crossing points between adjacent ?bers and cement 
ing the adjacent ?bers securely together with retention 
of numerous, relatively large interstices between the 
?bers. 

- A variety of ?bers and ?ber mixtures may be used for 
the preparation of the loose ?ber ?eeces. Suitable ?bers 
are, for instance, vegetable ?bers, such as cotton, ?ax, ra 
-mie and jute ?bers; animal ?bers, such as wool, goats’ hair, 
camels’ hair or human hair; synthetic ?bers, such as rayon, 
spun rayon, alginate ?bers, superpolyamide ?bers, poly 
vinyl ?bers, polyvinylidene ?bers, acrylonitrile ?bers, pro 
tein ?bers; or mineral ?bers, such as glass, rock or asbes~ 
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?bers in various proportions may be employed. Waste 
?bers, such as wool-comber waste, torn wool, cotton 
waste, torn cotton, etc., may also be used alone or in 
mixture with other ?bers. It is an essential feature of 
my invention that the ?bers used for the formation of 
the loose ?eeces are ?bers capable of being carded on 
ordinary carding machines. They should have a length 
of about 3 to 10 cm., and preferably about 4 to 6 cm., 
although mixtures containing some shorter ?bers of about 
1.5 to 3 cm. length have been found to give satisfactory 
results. Fibers, such as horsehair, cows’ hair, coconut 
?bers, etc., which are too long or which have hard and 
smooth surfaces rendering them unsuitable for carding 
on ordinary carding machines, should not be present in 
the ?ber ?eeces forming the starting material according 
to the present invention because such ?bers cannot be 
satisfactorily formed into webs or ?eeces. 
The ?eeces may be prepared on conventional card 

ing machines and by conventional procedures. 
For many purposes, it is preferred to prepare the ?eece 

by laying upon one another several, e. g., from 2 to 
about 30 or more, thin webs of intermingled, polyposed 
?bers, each web having a thickness of about 0.1 to about 
1.2 mm. and weighing about 5 g. to 35 g. per square in. 
Preferably, adjacent webs are arranged at an angle to 
each other. The superposed webs are subjected to pres 
sure and elevated temperature to cause them to cohere 
and to effect an initial condensation of the multi-layer 
structure formed. A slight longitudinal stretching by 
about 5 to 10% and a corresponding reduction in weight 
takes place during the formation of the multi-layer ?eece. 
The binder materials which have been found useful 

for the purpose of the present invention are ?lm-forming 
substances which are capable of being dispersed or emul 
si?ed in aqueous carriers. Suitable binder materials are, 
for instance, natural rubber, new or reclaimed, the so 
called synthetic rubbers, such as polybutadienestyrene, 
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polybutadieneacrylonitrile, chloroprene, the so-called ther 
moplastic synthetic resins, such as the polyvinyl esters, 
the polyvinylidene esters, the polyacrylates, polystyrene 
and the like, or mixtures of such materials. The binders 
are preferably used in the form of their aqueous emul 
sions or dispersions. 
For the purposes of through impregnation, the aqueous 

binding agents, which may contain about 14% to about 
40% by weight of solid binder material, and to which 
up to about 60 parts by weight of a wetting agent per 
100 parts by weight of binder solids may be added, are 
?rst converted into a stable, ?owable foam containing, 
for instance, about 2-12 volumes of gas per volume of 
binder liquid. If the binder material is vulcanizable, a 
vulcanizing agent and, if desired, a vulcanization accel 
erator, may be incorporated into the binder liquid before 
conversion thereof into a foam, and the binder in the 
fully impregnated sheet may be subjected to vulcaniza 
tion without pressure during or after the drying of the 
foam impregnation. 
The process according to the invention is illustratively 

exempli?ed in the accompanying drawings, in which: 
Fig. 1 illustrates diagrammatically the various steps 

of the invention, as carried out in a continuous process; 
and 

Fig. 2 shows, also diagrammatically, a detail of the ap 
paratus illustrated in Fig. 1 on a larger scale. 

Referring to the drawings, and ?rst to Fig. 1, 11, 12, 
13 and 14 are loose webs of ?ne, carded, ?bers which are 
arranged in a plurality of intersecting directions, i. e., 
polyposed, the four webs being shown superposed upon 
one another to form a laminated structure. The lami 
nated structure 15 is passed between two heated rollers 
16, 17 which condense the multi-layer element with slight 
longitudinal stretching into a continuous ?eece 18. 
A light foam 19, containing about 9 to 13 volume parts 

of gas per volume part of liquid, is produced in a foam 
trough 20, and successive quantities of foam are pushed 
by blades 21, mounted on an endless conveyor 22, over the 
edge of the foam trough 20 and drop upon the upper sur 
face of the ?eece 18. As the ?eece moves on, the foam is 
uniformly spread on the upper surface of the ?eece, with 
out any substantial penetration into the ?eece, by means i 
of a stationary doctor blade 23. The ?eece, now carrying 
on its surface a very ?ne layer of foam, is then passed 
into and through the drying chamber 24 where the col 
lapsing foam solidi?es to produce a light surface cohesion 
of the ?eece without any appreciable reduction of its 
porosity. The quantity of binder material adhering to the 
surface of the ?eece may amount to about 4 to about 17 
g. per square m. ' 

After leaving the drying chamber 24, the ?eece is passed 
over a guide roller 25 and then between two pressure 
rollers 26, 27. As seen in both ?gures, the ?eece runs 
?rst over the pressure roller 26 with its pre-treated surface 
in contact with the surface of the roller, and then into 
the nip formed between the two rollers 26, 27. A liquid 
binder, such as a latex emulsion, containing about 14 to 
40 parts by weight of solid binder, 100 parts by weight of 
latex and suitable'quantities of wetting agents, vulcanizing 
agents, vulcanization accelerators, foam stabilizers and 
anti-oxidants, is converted into a ?owable foam, having 
approximately the consistency of a heavy cream and con 
taining about 2 to 12 volume parts of gas per volume 
part of liquid, in a foam chamber 28. The foam is passed 
through a conduit 29 into a foam-collecting trough'3l) 
from which it ?ows into the nip between the rollers 26, 
27 upon the untreated surface of the ?eece 18. As ‘the 
?eece advances through the restricted passage between 
the rollers 26, 27 the foam is pressed into the ?eece with 
a pressure causing substantially complete and uniform 
penetration‘of the ?eece by the foam and partial destruc 
tion of the foam cells. Dependent upon the adjustment of 
the pressure rollers and the width of‘ the constricted pas-v 

75 sage formed between thennthe quantity of solid binder 
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incorporated into ‘the ?eece during this foam impregnation 
may vary from about 26 to-about 287 parts (solid weight‘) 
per 100 parts by weight of ?bers. :Simultarreouslyythe 
thickness of the ?eece is reduced, but numerous relatively 
large interstices are preserved between the ?bers. 

Afterthe fleece has passed between the pressure rollers 
26,27, it is returned to the drying chamber 24 for drying 
without pressure. In the chamber 24, the web is passed 
over a reversing roller ‘31' and out ‘of thechamber over 
guide rollers 32, 33. 

In the course of its treatment, ‘including the preliminary 
surface treatment through impregnation vand‘drying', ‘the 
material is stretched longitudinally beyondv its original 
length byabout 17.5 to about~1~00~% with acorresponding 
reduction in ?ber weight per square m. of about 15% to 
about 50%. 
The ?nished product is ?nally wound upon‘a reel 34, 

and, if desired, vulcanized without pressure. 
The following speci?c examples may serve to illustrate 

the invention butare not intended to limit its scope: 

Example 1 

Six thin webs of intermingled, polyposed cotton ?bers, 
each having a thickness of about 0.2 mm. and weighing 
about 12.5 g. per square m. are combined into a loose 
?eece having a thickness of about 10mm. and weighing 
about 70 g. per square in. ' 

This ?eece is super?cially impregnated on one surface 
by spreading on the surface a mixture of a stable foam 
containing about 10 parts by volume of air per volume 
of a liquid ?lm-forming binder having the following com 
position: 

Liquid .Solid 
Parts Parts 
.13. W. B. W 

Polybutadienestyrene latex (40%) ____________ _.>__- ‘250 .100 
softened water ............................... __'_._ .691. 5 ........ __ 
Sodium isobutylene-naphthalene-sulfonate (wet 
ting agent)..._ _______ __ _. 50 ~50 

zinc oxide _____ __ 5 5 
colloidal sulphur 2. 5 2. 5 
ultravulcanization accelerator: l g l 

1, 000 

The mixture contains about 10 parts by weight of 
binder solids in 100 parts by weight of liquid. 
The ?eece is dried to produce a slight surface cohesion 

on the treated surface without any appreciable reduction 
of its porosity. About 15 parts by weight of binder solids 
adhere to the surface of the ?eece per 100 parts .by weight 
of ?bers (10 g. per square m.). 
The ?eece is then treated by pressing into its untreated 

surface a relatively thick, but still easily ?owable, foam 
containing about 6 volumes of air per volume of a liquid, 
?lm-forming binder containing about 35% by weight of 
binder solids and about 8% by weight of a wetting agent 
and having the following composition: 

Liquid Solid 
Parts Parts 
B. W. . W. 

polybutadienestyrene latex (40%).. _.. ____.__-_.._ _,__ 250 100 
softened water __________________________ m _. 4. 5 ........ _ . 

alkylbenzene sulfonate (wettin agent) . 23 23 
zinc oxide _____________ __ > '5 ,5 
colloidal sulphur ...... -_ .2. 5 - 2. 5 
ultravulcanizetion accelerator- _ 1 l 

286 

Thefoam is pressed into the ?eece with a pressure to 
cause substantially complete and uniform penetration of 
the ?eece with destruction of part of the foam cells. 

Approximately 52 parts by weight of binder material 
(solid weight) are incorporated into the .?eece‘for each 
100 parts by weightof ?bers. ~ 
The impregnated ?eece is then dried by means of heat 
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6. 
without pressure to cause a collapse bfl‘ihlé remainingv 
foam cells and-a deposition of ‘?lmy,-solid.:hmder 
particles on’ithe ‘?bers, particularlyiat the'cross'ingrpoints 
between adjacent ?bers.‘ . . ' l ‘ 

During the several impregnating and’ drying'istz'tges-itlie 
material is stretched about 43% beyond its original‘lerigth, 
so that its ?ber content-per. square 1m. at-the end isi'a‘bou-t 
30% less than that :‘of the starting ?eece. The resulting 
sheet material is vulcanized without pressure,‘ .then'was'he'd 
with water at a temperature ,of‘about 50° C., and dried. 
The dry sheet material is calendered under moderate 
pressure, rolled'o'n reels ‘and completely-vulcanized 'by' 12 
hours‘torage-in aroom'he'a-te‘d to"80° ‘C. ' ,~ " ‘I 

The ?nished product,‘ which ‘has a thickness of 0.15 mm, consists of a ?ber skeleton ‘having'small, Ililmy 
binder particles distributed uniformly there'thro'ugh and 
adhering to the' ?bers mainly at‘ the‘ crossing points-‘be 
tween adjacent ?bers,ithus cementing: the adjacent? ?bers 
together. The sheet material contains about/40% by 
weight of solid binder material and ‘60% by‘ weight of 
?ber material. It weighs'tabout'80 g. per isqu'alr'e‘m." material may be used ‘for-reinforcing foil material, such 
as paper foils. 

Example 2 

vA ?ber mixture, consisting of 70 parts by weight of 
torn jute and 30.parts by weight of spun‘ rayon, is formed‘ 
into webs havingeaeh a‘ thickness-M03 mar-‘ands 2weight 
of‘19g1per‘squar'e m. .i > - , .. ' 4 

Eight’ such we‘bs arev combined with pressure, .heat and 
slight longitudinal stretchingv into alf?ee'ce having a weight 
of 140 g.’ per square/m. ' ' ‘ 

The ?eeceis treated on one surface with a foam com 
prising about l2'volume parts of. airand one volume part 
of a liquid, ?lm-forming binder material containing 1.0% 
by weight of binder solids and having the following com 
position: _ I 

1 Liquid ,"Solid~ 
vParts 1 Parts 
BCW. B. W. 

polymethylmethacrylate(40%) __________________ .; ‘250 ‘ "I00 
softened water. ~ 743 ________ . 
fatty alcohol suit 6 6 
methylcell _ 1 1 ‘ 

" 1;‘000 

After drying andsolidi?oat'ion-tof thev surface impregna 
tion, which causes a surface deposition ‘of'about '6 parts 
by Weight of solid binder material per l00pa1rtsby weight 
of ?bers (8.4 g. per square in), a ?owable ‘foam con» 
taining about 7 volume parts of air per volume part of 
liquid binder is pressed into the untreated surface of the 
?eece. The liquid binder which contains about 20% by 
weight of binder solids and about 2.4% of weight of a 
wetting agent has the following composition: ' 

vLiquid Solid 
' Parts _ fParts 

natural rubber latex (60%) ______________________ _. , 164 100 
softened water __________ __ 308 -_-.___ .s.. .; 

paraffin emulsion (60%) ......................... ._ I 5 3 
polyethyleneoxy derivative (emulsifying agent)-__ 2 2 
sodium isobutylene-naphthalene-sulfonate (wet- > . 

ting agent) ____________________________________ __ . 10 V10 
zinc oxide _______ __ __ ___ 5 . [5 

colloidal sulphur _______ _.'._.i.._ . . ‘ i 3- "3 

ultravulcanization accelerator ____ __-_ _______ _- _ 1 -1 , 

phenyi-beta-naphthyl-amine (anti-oxidant) _____ __ '2 2 

500 

The impregnated sheet is stabilized by heatingiandpdry 
ing without pressure su?icient to effect acp’artialtvulcanh 

. zationof the rubbenlightly calendered, and then washed 
in a textile washingmachine with water at‘ 505" C. ‘ There; 
after, it is dried on drying cylinders and then ‘wound into 
rolls of about 200m. each,-wliich are stored ‘for 12 hours 
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in a room heated to about 80° C., to complete the vul 
canization of the rubber. The sheet is finally smoothed 
on both sides by passing it between two rotating calender 
‘rollers. The ?nished sheet has a thickness of about 0.4 mm. 
Its length exceeds that of the original ?eece by about 25% , 
while its ?ber weight per square m. is about 20% less. It 
contains about 30% by weight of binder material and 
70% by weight of ?bers and weighs about 160 g. per 
square m. It may be used as an interlining for shoes. 

Example 3 
A ?ber mixture containing about 50 parts by weight of 

cotton waste and about 50 parts by weight of denatured 
?ax ?bers is formed .into webs having a thickness of about 
0.8 mm. and weighing about 27 g. per square m. 12 such 
webs vare laid on top of each other at an angle and passed 
with light longitudinal stretchingbetween heated rollers 
to form a multi-layer ?eece which weighs about 300 g. 
per square m. 
The?eece is ?rst treated on one surface with a foam 

containing 9 volume parts of air for each volume part of 
a 10% latex composition comprising: 

Liquid Solid 
Parts Parts 
B. W. B. W. 

natural rubber latex (73%) ...................... _. 137 100 
softened water ......................... _- _ 835 ________ _ _ 

alkyibenzene sulfonate (wetting agent).-- _ 18 18 
zinc oxide ....................... _ . . 5 5 

colloidal sulphur ___________ __ 3 3 
ultravulcanization accelerator l 1 
methyl cellulose ____________ _ . 1 1 

1, 000 

After drying, the pre-treated ?eece has 3 parts by 
weight of solid rubber adhering to its surface per 100 
parts by weight of ?bers (9 g. per square m.). 

This surface stabilized ?eece is further impregnated by 
pressing into its untreated surface a ?owable foam con 
taining 3 volume parts of air per volume part of a 30% 
latex of the following composition: 

Liquid Solid 
Parts Parts 
B. W. B. W. 

natural rubber latex (73%) ______________________ __ 137 100 
softened water _______________________________ . _ 161 ________ _ _ 

polyethyleneoxy derivative (emulsifying agent 1 1 
sodiumisobutylene naphthelene sultonate. _ - _._ _ 12 12 

zinc oxide _________________________________ __ _ 15 15 
colloidal sulphur _- 3 3 
ultravulcanizatton accelerator. _ - _ _ _ - 1 1 

anti~oxidant _________ _ _' __________________________ ._ 2 2 

332 

About 63 parts (solid weight) of rubber are incorpo 
rated into the ?eece per 100 parts by weight of ?bers. 

In the course of the treatment, the ?eece is stretched 
longitudinally‘ to about 125% of its original length with 
reduction of its thickness and a decrease of the ?ber weight 
per square m. by about 20%. The product is then dried 
and vulcanized without pressure. The resulting, porous 
sheet material has a thickness of about 1.4 mm. and 
weighs about 421 g. per square m. It contains about 57% 
by weight of ?bers, about 38% by Weight of solid nat 
ural rubber and about 5% by weight of wetting agent 
solids. The material is highly water absorbent and may 
be used in the manufacture of ?oor cloth. 

Example 4 

Cotton ?bers are mixed with the same quantity of spun 
rayon ?bers and worked into thin, loose webs of about 
0.1 mm. thicknessweighing about 5 g. per square in. 
Twenty-four such webs are combined cross-wise with 
pressure and stretching into a ?eece weighing about 108 
g. per square in. 
The ?eece is treated ?rst on one side with a relatively 
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8 
light foam containing 11 volume parts of air for each 
volume part of a 14% binder dispersion having the fol 
lowing composition: 

Liquid Solid 
"Parts Parts 
B. W. B. 

butadieneacrylonitrile polymer (37%) ___________ __ 265 100 
softened water ______________________ -_ 428. 5 ........ -_ 

wetting agent. ._ . 20 20 
zinc oxide ...... -_ 2. 6 2. 5 
colloidal sulphur ___________ -_ 2. 5 2. 5 
ultravuloanization accelerator 1 1 
antioxidants: 

mercaptobenzimide _________________________ __ 0. 2 0. 2 
paraphenylenediamine derivative ___________ __ 0. 3 0.3 

720 

Upon drying, about 8 parts by weight of binder solids 
are deposited on the surface of the ?eece per 100 parts 
by weight of ?bers (8.6 g. per square m.). 

Next, a heavier foam containing about 5 volumes of 
air per volume of liquid is pressed into the untreated 
surface of the ?eece. This foam is made from a 25% 
dispersion having the same composition as the dispersion 
used for the pretreatment except that it contains, instead 
of 4285 parts by weight of softened water, only about 
103.5 parts by weight of softened Water, and instead of 
20 parts by weight of wetting agent, 25 parts by weight of 
wetting agent. About 74 parts by weight of solid binder 
material are incorporated into the ?eece per 100 parts by 
weight of ?bers. 
The resulting porous sheet material is dried and vul 

canized without pressure washed and dried again. 
In the course of the treatment, the material is stretched 

longitudinally about 26% beyond the length of the orig 
inal?eece with a corresponding decrease in Weight of 
?bers per square on. by about 21%. The finished sheet 
material has a thickness of about 0.25 mm., weighs about 
156 g. and contains about 45% by weight of binder 
solids. 
The product is suitable for the washing of glass, china, 

etc. 

Example 5 

A ?ber mixture consisting of 75% by weight of sheep’s 
wool and 25% by weight of human hair'is formed into 
webs having a thickness of 0.5 mm. and weighing about 
22 g. per square m. 10 such webs are laid on top of 
one another with the adjacent webs being arranged at 
angles to each other, and the laminated structure is passed 
between heated rollers to form a ?eece weighing about 
200 g. per square m. ' _‘ 
One surface of this ?eece is treated with a foam com 

prising 10 volume parts of air per volume part of -a liquid 
dispersion containing about 10% by weight of solid binder 
material and having the following composition: 

Liquid Solid 
Parts Parts 
B. W. B. W. 

natural rubber latex (737) -___- 137 .100 
softened water: _ . 826. 5 ________ _. 

wetting agent. _ _ _ 16 16 ‘ 

parat?n emulsion (30%). _ 8 2.5 
zinc oxide _______________ __ _ 6 ~ .6 

colloidal sulphur _______________ _ . 3. 5 ' 3. 5 
ultravuieanization accelerator. . _. 1. 5 ' 1. 5 
antioxidant _____________________________ ._ _ 1. 5 1. 5 

1, 000 

The pre-treated ?eece is dried to cause deposition of 
about 6 parts by weight of solid rubber on the surface of 
the ?eece per 100 parts by weight of ?bers (12 g. per 
square m.). ' 

Then, a foam containing 5 volume parts of air per vol 
ume part of liquid material is pressed into the untreated 
surface of the ?eece. The liquid dispersion used for the 



‘formation; of 'thisrfoam'? has the same .composition as that 
used :for' .the'preetreatment» except that it contains; instead 
of 826.5 parts by weight of softened water, only 226.5 
parts by weight of softened water. Thus, this dispersion 
contains 251% by weight of binder solids, and 4% by 
weight of wetting agents. 
The penetrating foam serves to incorporate into the 

?eece about 94 parts by weight of ‘binder solids per 100 
parts by weight of ?bers. Simultaneously, the ?eece is 
compressed and stretched lengthwise. Thev impregnated 
sheet is‘ stabilized by drying and vulcanization without 
pressure, then washed and dried again. 
The length of the ?nished sheet exceeds that of the 

original ?eece by about 25 %, while its ?ber weight per 
square‘ mgis about 20% less ‘than that of the starting 
?eece. ‘The, ?nal,- porous sheet material has a thickness 
of about 0.3 mm, weighs 320 g. per square and con 
tains.aboutz50% by weightof solid rubber andabou-t 50% 
.by weight of ?ber material. 

Exemplar; 
A-?-ber mixture, is prepared‘ of ?nercardable .?bers as 

follows: _ I _ 

Per cent by weight 
Cotton _____________________________________ __ 30 

Ramie _____________________________________ __ 30 

Rayon _____________________________________ __ 40 

The mixture is formed into webs consisting of inter‘ 
mingled and polyposed ?bers, each web having a thick 
ness of about 0.15 and weighing‘ about .115 ‘g. per 
square 111. Three webs are placed on top of one-another. 
After pressing of the multi-layer structure between heated 
rollers with slight longitudinal stretching, a ?eece is ob 
tained having a thickness of about 0.5 mm. and weighing 
about 40 grams per square meter. 
A foam comprising about ‘9 volume partswof ‘air for 

each volume ‘part of liquid is formed ‘from a dispersion 
containing about 8% by weight of binder solids and ‘hay; 
ing the followingcomposition: 

‘ .Liquid- I send 

Weight, _ ‘Content, 
1 ‘parts . parts 

Polyvinyl chloride emulsion (40%). _ 250.1, - 100 
softened water ____________ ._~ ~ ____ . 982 ________ __ 

Wetting agent _ _ _ _ _ _ _ _ _ . _ _ . . _ . _ _ . _ _ . . _. 18 18 

. 1, 2,50 

The foam‘ is ‘spread uniformly zon one surface of the 
?eece and dried to deposit about 15 parts by weight .of 
solid binder material per .100 ‘parts weight of ?bers, 
thus producing alight surface cohesion. 
Next, the ?eece :is treated bypressing into :its ‘opposite 

untreatedsurface a'foarn comprising‘ about 7 volume'par‘ts 
of air per volume part of liquidrand-prepared‘from a dis 
persion containing about 25% by weight of binder solids 
and having the following composition: 

Liquid Solid 
Weight, Content, 
‘parts :parts 

Polyvinyl chloride emulsion (40%). __V_, __________ _. 100" 40 
Polymethylmethacrylate emulsion (40%) ________ -. 200 80 
Wetting agent ___________________________________ -_ 10 10 
Soitened water __________________________________ -_ V V V 170 ________ __ 

480 

Through selection of the spacing betweenrollers .26, 27 
about 35 parts by weight of binder material .are incorpo 
rated into the ?eece per 1.00 parts by weight of ?ber. 
The material is then dried without pressure by passing it 
through a dryingchamber, washed in cold water and .dried 
again. 
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10 
. 'Ilhe-resulting-sheet material has a thic'knesslo? about 

0.14- mm. and a'weight of about 48 g. per .miz. ItsTIeii‘g’th 
exceeds‘ that of the original ?eece by about ‘3'3‘1/s-%-.of 
the starting length, while its ?ber content per m.2 is about 
25 % less than that of :the starting ?eece. The material 
contains about 331/3% by weight of solid thermoplastic 
binder material. .It is shrink-proof, air and waterperme 
able and can be adhered to, fabrics by hot ironing on the 
fabrics. In' constitutes a suitable stiffening material for 
shirt collars and cuffs and other washable garments, such 
as blouses, as described speci?cally in .my U. patent 
application Serial No. 262,945, ?led December 22, 1951, 
which is a continuation-in-part application of my copend 
ing United States patent application Serial No.-.l02,423,, 
?led on June 30, 1949. . 

Example 7 
A ?ber mixture consisting of 50 parts by weight’of cot 

ton and 50 parts by weight of ramie is formed into webs 
having each a .thickness of 1.2 mm. and a weight of .35 g. 
per square meter. 30 such webs are combined into a ?eece 
having a thickness of 40 mm. and a weight of 1000 g. 
per‘s'quare' m. p 

This ?eece is treated on one surface with a foam con 
taining about 10 volume parts of air per volume part of a 
liquid dispersion containing 5% by weight of a' ?lm 
forming :binder :material having the following composi 
tion: ' 

iquid Solid, 
' Parts - Parts 

B. W. B. W. 

natural rubber latex (70%) . _ .r ......... __- ........ _. _70 _ . .50 

softened water____ ' __ ' ‘ 899. 6 ________ ._ 

wetting agent 25 25 
zinc oxide ____ __ 3 3 
colloidal sulphu 2 2 
ultravulcanlzation-accelerat 0.5 - 0:5 

1, 000 

The dispersion contains about 2.5% by weight‘ of wet 
ting agent. The ?eece is then dried, causing solidi?cation 
of the impregnating foam and deposition on the treated 
surface of about 0.6 part by weight of binder solids per 
100|parts byv weight of ?bers (6 g. per square m.). 

Thereafter, a heavy, almost cream-like foam contain 
ing about '2 volume parts of air per volume part of liquid 
‘binder is pressed into' the ?eece through the untreated 
"surface thereof by means of a pair of pressure rollers. 
The liquid binder contains about 40% I of binder solids, 
about 10% of wetting agent and about 2% of foam sta 
bilizer. It has the following composition: 

Liquid Solid 
Parts Parts 
3. W. ‘ B. W. 

butadtenczstyrenepolyimerilatex (60%)--.." > 335 i .200 
softened wliter___;___..v .... __.__~-.., ____ __ _. 86.5 _ _.____--__ sodtmn-isdbutylene-naphthalene sulion‘ate (web 
ting agent).- - ~ .._.'_.-._--..~__.__ 50 50 
c oxide, .h- 10 10 

colloidal-sewn 6 6 
, raytilcanimtian acoelera 2.5 2..5 

methylcellulose _______________ __ 10 10 

.500 

During its passage between .the pressure rollers, the 
?eece is compressed and stretched lengthwise while about 
v1.12 ,partspby weightof binder solids .are incorporated into 
.the ?eece per ,1.0.0_.parts by weight of ?bers. The impreg 
natedesheet is stabilized without pressure by drying with 
heat-"and vulcanization :bystorage for 12 .hours'in a room 
Heated.to§about180°..C. Thereafter the sheet is washed 
and dried again. ’ I k I 

, .Theiinishedasheetl is about ..25% longer and-contains 
about 20% by weightless ?bers .thanthe starting ?eece. 
The ?nal product has a thickness of about 3.5 mm. and 
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weighs about 1700 g. per square m. It contains about 
53% by Weight of solid binder material and 47% by 
weight of ?bers. The material may be used as a scrubbing 
cloth. 

Example 8 

A ?ber mixture is prepared containing 50% by weight 
of cotton and 50% by weight of a super-polyamide ?ber 
(nylon). 
The mixture is formed into webs having each a thick 

ness of 0.3 mm. and a Weight of 18 g. per square m. 
Six such webs are combined with pressure, heat and 

stretching into a ?eece having a weight of 98 g. per 
square m. 

This ?eece is treated on one surface with a foam con 
taining about 9 volume parts of air and one volume part 
of a 12% aqueous dispersion having the following com 
position: 

Liquid Solid 
Parts Parts 
B. W. B. W. 

polyvinylidene chloride emulsion (50%) _________ __ 240 120 
softened water ..... _- 720 __ 

wetting agent ................................... __ 40 40 

1, 000 

Upon drying, about 13 parts by weight of solid poly 
vinylidene chloride are deposited on the treated surface 
of the ?eece per 100 parts by weight of ?bers (13 g. per 
square m.). 

Thereafter, a creamy, ?owable foam containing about 6 
volume parts of air per volume part of liquid binder is 
pressed into the untreated surface of the ?eece. The 
liquid binder contains about 40% by weight of binder 
solids, about 7% by weight of wetting agent and about 
3% by weight of foam stabilizing agent and has the fol 
lowing composition: 

Liquid Solid 
Parts Parts 

. W. B. W. 

polyvinylidene chloride emulsion (50%) _________ __ 400 200 
softened water __________________________ __ 60 ________ _ _ 

wetting agent (fatty alcohol sulfonate)__-- 35 35 
methylcellulose (foam stabilizing agent _________ __ 05 05 

500 

As the foam is pressed into the ?eece to effect uniform 
and complete penetration thereof, the fleece is reduced in 
thickness and stretched lengthwise while about 287 parts 
by weight of binder solids are incorporated into the ?eece 
per 100 parts by weight of ?bers. 

The impregnated sheet is stabilized without pressure by 
heating and drying, then carefully washed in cold water, 
dried again, and ?nally lightly calendered. _ 
The ?nished sheet is about 22% longer and contains 

about 18% by weight less ?bers than the starting ?eece. 
The sheet material has a thickness of 1.0 mm. and a 
weight of 320 g. per square m. It contains about 75% 
by weight of solid binder material. 

Example 9 

A ?ber mixture consisting of 40parts by weight of wool 
?bers, 30 parts by weight of camels’ hair and 30 parts by 
weight of acrylonitrile ?bers is formed into webs having 
each a thickness of 1.0 mm. and weighing about 28 g. 
per square to. 2 such webs are combined into a ?eece 
having a weight of about 50 g. per square in. ‘ 

This ?eece is treated on one surface with a foam con 
taining about 13 volume parts of air per volume part of a v 
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12 
liquid, ?lm-forming binder containing about 10% of 
binder solids and having the following composition: 

Liquid Solid 
Parts Parts 
13. W. B. W. 

chloropreue latex (50%) _________________________ _. 100 50 
softened water _________________ .. -_ 350 ________ ._ 

wetting agent. . . 30 30 
zinc oxide _____ _. 15 15 
colloidal sulphur _ . _ _ _ _ _ ._ 1 1 

ultravuleanization ace erato 2 2 
antioxidant _ 2 2 

500 

Upon drying, a surface impregnation is obtained 
which contains about 8 parts by weight of binder solids 
per 100 parts by weight of ?bers (4 g. per square m.). 

Thereafter, a thick, ?owable foam containing about 7 
volumes of air per volume part of liquid binder is pressed 
into the untreated surface of the ?eece. The foam is 
prepared from a binder liquid which contains about 25% 
of binder solids and about 6.3% of wetting agents and 
which has the following composition: 

Liquid Solid 
Parts Parts 
B. W. B. W. 

60% dispersion of a copolymer of vinyl chloride and 
vinyl acetate 200 120 

softened water .................................. _. 250 ________ __ 

wetting agent ___________________________________ ._ 30 30 

480 

The foam is rolled into the ?eece with light pressure to 
cause incorporation into the fleece of about 52 parts by 
weight of solid binder material per 100 parts by weight of 
?bers. . 

After drying without pressure, washing with cold 
water and drying again, the ?nal sheet material, the 
length of which exceeds that of the starting ?eece by about 
331/3 %, has a thickness of about 0.2 mm. and a weight of 
about 60 g. per square meter. It contains about 38% by 
weight of solid binder material and about 62% by weight 
of ?bers. ‘ ' 

Example 10 

A ?ber mixture consisting of 100% by weight of 
Egyptian cotton is formed into a single layer ?eece having 
a thickness of about 1.0 mm. and weighing about 35 g. 
per square meter. 

This ?eece is treated on one surface with a foam con 
taining about 12 volume parts of air per volume part of 
a binder liquid containing about 9% by weight of binder 
solids and about 4% by weight of wetting agent and hav 
ing the following composition: 

Liquid Solid 
Parts Parts 
B W. B. W 

copolymer of vinyl chloride and vinyl acetate dis 
persion (60 u) 70 45 

softened waten . _ 405 ________ _ . 

wetting agent ___________ .- _ 20 20 

500 ' 

On drying, a slight surface cohesion is obtained and 
about 30 parts by weight of binder solids are deposited on 
the treated surface of the ?eece per 100 parts by weight 
of ?bers in the ?eece (10.5 g. per square m.). 

Thereafter, a foam containing about 12 volume parts 
of air per volume part of liquid binder is introduced into 
the untreated surface of the ?eece. The liquid binder 
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contains about 18% by weight of solid binder material 
and about 6% by weight of wetting agent and has the 

Liquid Solid 
Parts Parts 
B. W. B. W. 

copolymer of vinyl chloride and vinyl acetate dis 
persion (60%) _________________ __ _ 300 180 

‘ softened water___ 640 ________ __ 
wetting agent _________ _.- .... -_-__-__ H - 60 60 

1, 000 

Forty-?ve parts by weight of binder solids are incorpo 

in 

14 
The pressure With- which the foamzis (pressed. inte . the 

?eece is so adjusted that about 70 partsioyi'éweight 1of 
solid binder are incorporated into the ?eece per 100 
parts by weight of ?be‘rs'. 

After drying‘ and vulcanization, both‘ without pressure, 
followed by washingand ‘drying, the resulting ?nal-sheet 
material has a- .thickness- of 1.2 mm. and. .a weight-10f 
420 g. per square m. _Its length; exceedsthat of the-start 
ing ?eece .by about’ 2:5 %1,-its :‘?ber weight ,per square, m. 
is ‘about 20%‘ less-than thatof ‘the starting~?eece~ alt-con 
tains about 43% by weight of solid binden-particles and 

by weight of ?ber material, about 57%‘ 

Example" 12 ‘ 

~.A ?ber mixture, consistingrtof ,50 parts by weighttof rated into the ?eece per 100 parts by weight of ?bers .15 _l a p g _ . , 

from the sémnd foam impregnation The sheet isdried asoestos?bers and 50".parts by weight of-glass?bers {is 
without pressure, then washed with cold water and ?nally formed into webs having each a thickness of about 0.2 
d?edUagaJ-n at modemteheah _ mm. and a weight of 25 g. per square m. 

During the variousstages-of the process the material is _T'welYe 'su‘Fh Wet,“ arF combmed by piessure alfd heat 
longitudinally stretched‘ to about 143% of the original 120 with 5113b“? Stretchmg mm a ?eece havmg ‘1 welght of 
length of the fleece while the ?ber weight .per square‘m. 280 '5' Per Equine meten t _ t 

is reduced by about 30%. The ?nished product ‘has a _ Thls ?eeFe. 15 treated "F1. on? 9f its. -.s91:f.a.F¢s,-W1?},a 
thickness of 0.1 mm. and a weight of 43 g. per square foam Containing?“ elachivolunie part‘of hq d ab‘ofrtl'z 
m. It contains about 43% by weight of solid binder ma- "9111.” parts. (if an’ Th? tolain ls pif‘P‘ire‘l??’ , f . 
terial and about 57% by weight of ?bers. The sheet ma- 125 hquld comammg abm,“ 8% by ‘Yelght _'of, b‘, _e,r_ gsf’hds 
teria'l may be used as a lining-or iriterlining, where a very and, about’, 4% WeIgPt'Of mantis‘ agfmt’ such‘ bmder 
thin'and light material is required, or as a substitute 'for hquld having the followmg composltlon: 
‘cheesecloth.- ‘ 

’ Example 11 30 , Igggis‘l ggltlg. 
Intermingled polyvinyl chloride ?bers are formed into ‘ > _ H _‘ __ 4 B’ w‘ jw' 

thin webs having each’ a thickness of 0.2 mm. and a I _, _ v_ 0 ‘p , 

weight of 18 g. per square in: i8.such webs are com- 331353132235]?fffff‘?j- ‘£23 ______:_Q2_l__ 
bmed by pressure and heat with, slight stretching into a wetting again..- "20/ ‘ go‘ 
?eecehaving a weight of about 300 g. per square m. 1.35 ?la‘ggfggjggggj _______________ __ . _ 5f 5 

This ?eece is treated on one of its surfaces with a foam ultravulcanizatidn accelerator -------------------- -- ‘_ Q9451 0-5 
containing about 10 volumes of air for each volume of ‘500 
a liquid, film forming binder material having the follow- ._ , . t , , . t ,_ 3 

mg composmon' Upon drying, the foam is caus'edto collapse and ‘to 
140 deposit on the treated surface about 6 parts by weight 

' ‘ligggtisd 13%;: of binder solids per 100 parts by weight of ?bers (‘17 g“. 
.B. W. 1 .w.» per square 111.), thus eifccting a light surface cohesion of 

the ?eece. 
polybutadienestyrene‘latex (40%) _______________ _. 25o ‘ 10o Thereafter, a creamy, ?owable foam containing about 
g’éltl‘gffga‘ggg‘t’f- ------- -~ 6255 ---- "56" 45 2-volume parts ‘of air per volume part of liquid binder'is 
zinc pxide-____ 5 5 cautiously introduced into the ?eece through the untreated 
f?lé‘gg?égigggzh accéiémor?h " 3'5 if surface‘ thereof lbymeans of rollers adjusted tie-minimum 

, ‘ pressure. The liquid binder ‘used for ‘the preparation of 
_ I 19000 this foam containsabout 22% by weight of binder? solids 

} ' “ " ’ ' ’ ' .50 andabout 3% by ‘weight ‘of 'a wetting agent ‘and has the _ The mixture contains about 10 parts by weight of the following composition: 
binder solids in 100 parts ‘by weight of liquid. 
Upon drying, about 5 parts by weight of binder solids Li um Solid 

are deposited on the treated surface of the ?eece per 100 Pgrts Parts 
parts by weight of ?bers ‘(15 g. per ‘square m.), 55 p B- W- 3-w 

Thereafter, a ?owable foam containing about 3 volume v ' ' 

‘parts of air per volume ~part of ‘liquid binder is pressed g‘f‘ftt‘glfdrgzgg late‘ (60%) ---------------------- -- $22 5 ‘11° ’ 
into the untreated surface of the ?eece. The liquid binder wetting again?" I 15'» ___ 'iié" 
used for the preparation of the foam contains about, gglll‘éfggiigai?mr . fab-5 f5 
28% by weight of binder solids, about 6.5% by weight 60 anti-oxidant v» - _1_ 1 ' :1 
of wetting agent and about 2% by weight of foam ultravulcamzamn accelerator ------------------- -- , m1” .~ 1 
stabilizing agent and has the following composition: 500 

Liquid Solid the" .foam- istvpassed into the ?eece, the latter is 
gag? gag? 65 stretched lengthwisewhileabout 100 ‘parts of solid rub 

- ber are incorporated into the ?eece per 100 parts by 
ohloroprene latex (70%) ____ -_' ____________________ _. '100 70 weight ‘of ?bérs“ ' 

softenedAwaterguns ............................ -c- 116 ........ -- The resulting porous sheet material is then carefully 
s°ginugg§eglgyfilffwmphthalentsulm?“ (wit 16 V16 dried without pressure, vulcanized without pressure, 
guilt: {aging-1TH- llll 1? 70 washedand dn'ed again. 
v‘fl1§an%ati§1 glgée-lemor ____ __ '1 f1 The overall stretch throughout the process amounts to 
anti-0X a"? p _ __ --- 1 1 about 17.5% of the original length of the ?eece corre 
methylceuulose (foam stabmzmg'agent) """"" " 5 5 sponding' to a reduction of ?ber weight per square m. of 

‘250' about 15%. The ?nal sheet has a thickness of 3 mrri. and 
75 a weight of Y490 g. per ‘square m. It contains ‘about 
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51.5%. by weight of binder solids and 48.5% by weight of 
?ber material. 

Example 13 
A ?ber mixture is prepared consisting of 80 parts by 

weight of cotton and 20 parts by weight of wool. This 
mixture is formed into webs having each a thickness of 
0.4 mm. and a weight of 19 g. per square in. 

Six such webs are combined with pressure and slight 
stretching into a ?eece having a weight of about 105 g. 
per square m. 

This ?eece is treated on one of its surfaces with a 
foam containing for each volume part of liquid about 10 

_ volume parts of air. The foam is prepared from a binder 

16 
_ Example 14 i 

A ?ber mixture containing 50% ‘by weight of cotton 
and 50% by weight of rayon was formed into loose, 
light webs having each a thickness of about 0.5 mm. and‘ 
a weight of about 26 g. per square n1. Twelve such webs 
are'cornbiued with pressure and heat and slight longitudi 
nal stretching into a ?eece weighing about 300 g. per 
square m. p 7 ' 

This ?eece is ?rst treated by spreading on one surface 
thereof a ?owable foam containing about 10 volume parts 
of air per volume part of a 14% synthetic rubber dis 
persion of the following composition: 

liquid containing about 8% by weight of binder solids 15, L_ id 8 m 
and having the following composition: £355 Parts B. W. B. W. 

Liquid Solid butadiene acrylonitrile polymer dispersion (37%).- 270 100 
Parts Parts 20 wetting agent solution (53%) ____________________ .. 120 60 
B. W. B. W. vulcanizing agents and other ingredients (disper 

sions) _________________________________________ _. 20 10 
softened water ___________________________________ __ 290 ________ _. 

butadiene acrylonitrile dispersion (37%) _________ __ 270 100 
wetting agent solution (50%) ____________________ __ 54 27 700 . 

dispersion 33%%: 
~ z coxide ____________________ __ . 7.5 2.5 

colloidal sulphur ........ __ _ 7.5 2.5 25 _ . _ _ ~ 
ultravulcamzation “081m - 3 1 About 3.5 parts by weight of vulcaulzable binder sohds 
antioxidant ______________ -_ - 3 1 . softened water ___________________________________ w 905 ________ __ are deposited on the treated surface per 100 parts by 

1 250 weight of ?bers (10.5 g. per square n1.) when the ?eece 
' """" " is dried. ' " 

Upon drying of the foam, about 4.5 parts by weight of 
binder solids are deposited on the treated surface per 100 
parts of ?bers in the ?eece (5 g. per square m.). This 
deposition effects a light surface cohesion of the ?eece. 

Thereafter, a heavier foam containing about 5 volume 
parts of air per volume part of a 14% aqueous binder 
dispersion is pressed by means of pressure rollers into the 
untreated surface of the sheet. The binder dispersion had 
the following composition: 

Liquid Solid 
Parts Parts 
B. W. B. W. 

butadiene acrylonitrile polymer dispersion (37%)-. 270 100 
wetting agent solutions (50%) ___________________ __ 100 50 
‘dispersions 33%%: 

inc oxide ___________________ _ _ 7. 5 2. 5 
colloidal sulphur ......... -_ 7. 5 2. 5 
ultravuleanization aooeierat 3 ' l. 

. antioxidant ______________ __ 3 1 

softened water ___________________________________ -_ 309 ________ _ 

700 

-The foam is dried without pressure and about 21.5 
parts by weight of vulcanizable binder solids are de 
posited throughout the ?eece per 100 parts by weight of 
?bers. > ' " 

The ?eece is stretched lengthwise during the prestabiliz 
ing stages of the process to about 125% of its original 
length with reduction of its ?ber weightby about 20%. 
The resulting sheet material is carefully dried without 

pressure and Without complete vulcanization. When 
washed with cold water, it has a thickness of about 1.5 
mm, weighs about 106 g. per square m. and contains 
about 21% by Weight of binder solids and about 79% by 
weight of ?ber material. ' 

This sheet material has high Water absorbent properties 
but relatively low tensile strength and abrasion resistance. 
It is particularly suitable as an intermediate in the prepa 
ration of porous, water absorbent sheet materials in ac< 
oordance with the invention described in my United 
States application Serial No. 262,943, ?led December 22, 
1951, which is a continuation-in-part of my United States 
application No. 102,424, ?led on June 30, 1949. 
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‘scribed stages of the process, the ?eece, 

Next a heavy, creamy foam containing about 3 volume 
parts of air per volume part ‘of liquid is pressed into the 
untreated surface of the fleece by means of pressure roll 
ers. The binder liquid used for the preparation of the 
foam contains 25% by weight of binder solids and has the 
following composition: 

Liquid Solid _ 
Parts Parts 
B. W. B. W. 

butadiene aerylonitrile polymer dispersion (37%) . _ _ 270 100 
wetting agent solution (66.6%) ___________________ ._ 90 60 
vuleanizing agents and other ingredients (dis 

persions) _____________________ __ 20 10 
softened water ______________________________ ._ 20 ________ .. 

400 

On drying Without pressure, about 72.5 parts by weight 
of vuicanizable solids are deposited throughout the ?eece 
per 100 parts by- weight of ?bers. During the above de 

which is passed 
rapidly through the several stages, undergoes a longitu 
dinal stretch to about double its original lengthaud the 
?ber weight per square m. is reduced by 50%. 
When washed with cold water and dried, the result 

ing sheet material weighs about 26 g. per square in. and 
contains per square In. about 150 g. of ?bers and 114 g. 
(about 43% by weight) of binder solids. 

Example 15 
A ?ber mixture is prepared from 80% by weight of 

synthetic protein ?bers and 20% by weight of cotton 
?bers. 

The mixture is formed into loose webs having a thick 
ness of 0.25 mm. and a weight of 22 g. per square m. 
Twenty such webs are placed at an angle on top of 

one another and the resulting multilayer structure is con 
densed with heat and pressure and slight longitudinal 
stretching to produce a ?eece weighing about 400 g. per 
square m. This ?eece is passed in a continuous system 
‘.at a comparatively high speed through the following im 
pregnating stages. _ I 

In the ?rst stage, a foam comprising about 10 parts of 
air for each part of liquid and formed from a dispersion 
containing about 10% by weight of binder solids is spread 
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uniformly on one; surfaceof :the?eece. .Thebinder. 
.persion has the following composition: 

l Liquid 
Parts ‘ 

v."B. -W. - 

_. Solid 

line oxidedispersion (50%) 

buta‘diene acrylonitrile polymendisper'sion (40%)“ 
sodium) 'lauryl suh'onate :solution I (wetting agent)’; 

a _________________________________________ __ 

ultra-vulcanization acceleratorjdispersion’ (25% ___ ‘ 6 
sulphur dispersion (50%) __ """"""""""" "II 
antioxidant dispersion (50% _ 
softened water ______________ ._ 

1,000 

On *drying, about '3 parts by weight of solid'binder 
'material' are ‘deposited per ‘100: parts'iby'weight ‘of ?bers 
(about-‘9.5 g."per'sguare'm.),‘thus producing'a light ‘sur 
'facecohesion. 

‘In the second impregnating ’ stage,‘ ‘a’foam " comprising 
about '3 volumeiparts of air_per volumejpart of liquid is 
pressed into the opposite untreatedsurface of "the ‘?eece. 
Thisfoam is.prepared'from~,a dispersion containing about 
30% by weight ofv bindersolidsand .havingthe 'follow 
ing composition: 

v.Liquid 
IRarts 
.‘EBEW. '. 

. sodium isobutylene naphthalene'solution (wetting 

‘zinc oxide dispersion (50%) 

. softened water 

butadiene acrylonitrile pOlYmerT'dispersiOn '(50%)_ 5.150 

.a ent (60(7) ........... _._ ____________ ___.-_v______ 
ultgaiviilcanigation accelerator dispersion (25%)_._ ' 8 

g ‘or o to 

sulphur dispersion {50%) "II"- _._ 1'6 
antioxidant dispersion (-50%) ........ _-__ 

H a: 

| IOWKDNO 

About 72‘parts by' weight'of 'solid'binder material are 
incorporated into‘ the ' ?eece ' per 100 parts ‘ ‘by weight ‘ ‘of 

?bers. The material is then dried and vulcanizcd'with 
out pressure by passing it through a heated chamber, then 
washedtand dried again. >During the various impregnat 
ing and drying stages prior .to. the vulcanization: of the last 
introduced .1 hinders, the material undergoes .a. longitudinal 
stretching to about twice the. length of the original .?eece 
and correspondingly the ?ber content 10f the material per 
square to. is reduced-about 50% by ‘weight. 

Theresulting sheet material has a thickness of aboutil.2 
.mm. and a‘weight'of about 350 g. per square m. It con 
tains ‘about 43% 'by weight of vulcanized ;binder solids. 
It is ‘shrink-proof,‘ air permeable and‘ elastic. ’It has a 
fabric-like soft hand and is suitable as a heavy duty, warm 

'inte'rlining, affording excellent‘wind protection. 

‘Example x16 1 

A'?ber mixture isjprepared from 60% by weight of 
spun rayon, 20% by weight of ramie and 20% by weight 
of polyacryl ?bers. 
The mixture is'formed into loose webs having a thick 

ness of 0.3mm. and a weight of 25g. per squarem. 
Twelve such Webs are placed at an oblique angle on 

' top of one another and the resulting multi-layer structure 
is condensed with 'heat and pressure and slight ‘longi 
tudinal'stretching to produce 'a '?eece vweighing about 
280 g;per'square m. 

This‘?eece is treated vby spreading on one surface 
thereof ‘a foam comprising about‘l0‘p‘arts of air‘for each 
part of"li_quid,"s_aid foam being formed from'a dispersion 
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rsod?ibimi lauryl sult'onate solution (wetting . agent) 

'.material- are deposited 

,points between 
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containing about "8% 'by weight ofYbinderssolids and 
having .thelfollowing- composition: 

-' 1 Liquid 

Y Parts , 

‘B.=W. 

Solid 
iParts 
‘BEW. 

polyacrylonltrile dispersion (40%) _______________ _: 200: > 

10" " 5 
790 ' 

‘1,000 

sonata-aria; """""""""""""""""""" '7 

) On drying, :aboutl3 'parts 'by‘ weightof'isoliddbinder 
per 100 parts .by weightzofz?bers 

(about 8.4 g. per square 111.), .thusxproducing a, light'sur 
face cohesion. 1 - , 

,In the through-impregnating-stage, a. foam comprising 
about 2 volume. parts of. airv per volume .part of,:liq.uid,~1is 
pressed-into- the opposite untreated surface of. the :?eece. 
This foam .is preparedxfrom a dispersion containingiabout 
25% .by weight of binder solids andhavingtheifollowing 
composition : - 

Liquid f'Solld 
.Parts . . Parts 

B. .W. Bow. 

softened polystyrene dispersion (made'from 100 
parts bow-polystyrene and 25 parts 'b. w.dioc 
tylphthalate) (50%) ___________________________ __ '250. .125 

sodium lauryl sulfonate solution (wetting agent) 30, 
5 ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ h _ _ _ __ C» . 

tizanii‘i’m dioxide dispersion (50%)-. 1o 5 
softened water ................................... _‘. 210_v ........ __ 

1500= 

-About-'40~parts :by weight 'of solid-binder material are 
incorporated 'into‘the‘ eece per "l00'-‘parts"by‘i weight of 

The -mate'rial"is Jthen' dried Without pressuresby 
‘passing'lit through a chamberliiheated 'to' 1120 °~"C.“for gv50 
:minutes, and?thereafter*lightly'calentlered, washe‘diarid 
dried vagain. ‘During- thelvarious impregnating ‘stages "the 
material "undergoes taslongitu'dinal 1stret'c'liingiby"about ' 
"82% {of the original length-of'the fleece‘ and “theh’?ber 
acontentiper' square 1m. iswre‘duce‘d about’ 415% bywdélit 

‘ The resulting \sheet niater'ialihas -"a‘ ithiékness‘df ‘0281mm. 
and alweight of about 224%: per square-m. ‘Ittcont-ains 
about 30% i by‘ ‘weight - of= ‘thennoplast'ico‘binder’ solidsf'it 

1 ‘is @shrink-proof, air- and Water-permeable, “and ifond-hold 
wing. Itlislsuitiable as a'strong interliningiifor sport'shirts, 
'-worki1blouses'»and ‘the ‘like. ' 

‘It should be understood ‘that 5the fforegoing'oexamples 
are not ‘intended to limit the scope of ‘my invention, and 

‘ that variousmo'di?'eationsand changesare-posSiblewithin 
‘this! scope. 
.What I claim is: > > ‘ 

l. ~A ‘process Tim- the “manufacture "of porous, ea‘ir 
~zperrneabley?exible sheet material, --said processicompi'is- _ 
. ing vthe ~ steps ofr'preparing a? loose ?eece of intermingled, 
rpol-yposed, ?ne,’cardable ?bers, said’lleecew’eighing' about 
‘351g. to ‘about IOOO-g. per squarehmw pro-treating one 
surfacei'ofisaid ?eece toproduce a light-surface cohesion 
without any appreciable loss of the porosity vofLthe?eece, 
then introducing an aqueousy?lm-forming‘binder "ma 
tcrial-‘containing vabout ‘ 14% ‘to about ‘40% 'lby'iw‘ei'ght 
of binder solids and being in the form of a stable'f?ow'able ‘ 
.foam into the E?eece through the untreated rsurface‘thereof 
under 'a pressure. to effect aysubstantially zcomplete'zand 

~ uniform , penetration of, the I?eece : with simultaneous :de 
.structioniofpart of the foam cellsand .preservation'of 
numerous :relatively large interstices :b'etween itheo?bers, 
.and drying without pressure to effectcomplete collapse 
.of the remaining foam cells and _.precipitation..of;the 
binder material on the v?bersparticularlyiat- the;c1§ossing 

adjacent ?bers, uniformly throughout. the 
?eece in the form. of small, ?lmy particles of binder solids 
adhering ‘to ‘the ?bers and cementing them together at 
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their crossing points without completely encasing the 
?bers or ?lling the interstices therebetween to any sub 
stantial extent so as to stabilize the ?bers in the form 
of an open skeleton. 

2. A process as claimed in claim 1, in which the aque 
ous ?lm-forming binder material is a vulcanizable latex 
of the group consisting of the natural and synthetic rub 
ber latices, and the ?eece is dried and vulcanized without 
pressure after the latex foam has been pressed into its 
untreated surface.‘ 7 I 

3. A process for the manufacture of porous, air 
permeable, ?exible sheet material, said process compris 
ing the steps of preparing a loose ?eece of intermingled, 
polyposed, ?ne, cardable ?bers, said ?eece weighing about 
35 g. to about 1000 g. per square m., pre-treating one 
surface of said ?eece to produce a light surface cohesion 
without any appreciable loss of the porosity of the ?eece, 
then introducing an aqueous, ?lm-forming binder ma 
terial containing about 14% to about 40% by weight of 
binder solids and up to about 60 parts by weight of a 
wetting agent per 100 parts by weight of binder solids 
in the form of a stable ?owable foam into the ?eece 
through the untreated surface thereof under a pressure 
to effect a substantially complete and uniform penetration 
of the ?eece with simultaneous destruction of part of 
the foam cells and preservation of numerous relatively 
large interstices between the ?bers, and drying without 
pressure to effect complete collapse of the remaining 
foam cells and precipitation of the binder material on the 
?bers particularly. at the crossing points between adja 
cent ?bers, uniformly throughout the ?eece in the form 
of small, ?lmy particles of binder solids adhering to the 
?bers and cementing them together at their crossing 
points without completely encasing the ?bers or ?lling the 
interstices therebetween to any substantial extent so as 
to stabilize the ?bers in the form of an open skeleton. 

4. A process for the manufacture of porous, air 
permeable, ?exible sheet material, said process compris 
ing the steps of preparing a loose ?eece of intermingled, 
polyposed, ?ne, cardable ?bers, said ?eece weighting 
about 35 g. to about 1000 g. per square m., pre-treating 
one surface of said ?eece by applying to said surface a 
quantity of a ?rst binding agent in a carrier liquid in 
the form of a stable, relatively stiff foam to produce a 
light surface cohesion without any appreciable loss of the 
porosity of the ?eece, drying the ?eece to effect stabiliza 
tion of the binder by removal of the carrier liquid, then 
introducing an aqueous, ?lm-forming binder material 
containing about 14% to about 40% by weight of binder 
solids and being in the form of a stable ?owable foam 
into the ?eece through the untreated surface thereof under ' 
a pressure to eifect a substantially complete and uniform 
penetration of the, ?eece with simultaneous destruction 
of part of the foam cells and preservation of numerous 
relatively large interstices between the ?bers, and dry 
ing without pressure to effect complete collapse of the 
remaining foam cells and precipitation of the binder ma 
terial on the ?bers particularly at the crossing points 
between adjacent ?bers, uniformly throughout the ?eece 
in the form of small, ?lmy particles of binder solids ad 
hering to the ?bers and cementing them together at their 
crossing points without completely encasing the ?bers or 
.?lling the interstices therebetween to any substantial ex 
tent so as to stabilize the ?bers in the form of an open 

skeleton. 
5. A. process for the manufacture of a fabric-like, 

porous, shrink-proof, air-permeable sheet material resist 
ant to creasing, which comprises the steps of preparing a 
loose ?eece consisting of a plurality of superposed webs 
of ?ne, cardable ?bers arranged in a plurality of inter 
secting directions, each web having a thickness of about 
0.1 mm. to 1.2 mm. and weighing from about 5 to 35 g. 
per m? and the ?eece weighing from about 40 to 400 g. 
per ‘m5’, treating at least one surface of said ?eece with a 
liquid’to e?ect a light surface cohesion without appre 
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ciable reduction of the porosity of the ?eece, drying the 
?eece to remove-the liquid, pressing into the pretreated 
?eece, through at least one surface thereof, an aqueous 
?lm-forming binder material containing about 14% to 
about 40% by weight of binder solids and being in the 
form of a stable, ?owable foam under a pressure to cause 
a substantially complete and uniform penetration of the 
?eece with simultaneous destruction of part of the foam 
cells and preservation of a substantial porosity in the im 
pregnated sheet formed, and drying the impregnated sheet 
without pressure, thus destroying the remaining foam cells 
and precipitating solid, ?lmy binder particles on the ?bers 
uniformly throughout the ?eece to cement the ?bers 
together at their crossing points. ‘ 

6. A process for the manufacture of a fabric-like, 
porous, air-permeable, shrink-proof, isoelastic sheet ma 
terial, which comprises the steps of preparing a loose ?eece 
consisting of a plurality of superposed webs of fine, card 
able ?bers arranged in a plurality of intersectingdirec 
tions, each web having a thickness of about 0.1 to about 
1.2 mm. and weighing from about 5 to about 35 g. per 
m.2, the ?eece weighing from about 40 g. to about 400 ‘g. 
per m? and containing at least 15% b. w. of ?bers 
of high elasticity, applying to at least one surface of said 
?eece a quantity of a ?rst binder material in a liquid 
carrier to cause a light surface cohesion without appre 
ciable reduction of the porosity of the ?eece, drying to 
stabilize said ?rst binder by removal of the carrier liquid, 
pressing into the pretreated ?eece through at least one 
surface thereof a quantity of a vulcanizable, elastic, ?hn 
forming binder material containing about 14% to about 
40% by weight of binder solids and being in the form of 
an aqueous foam under a pressure to cause a substantially 
complete and uniform penetration of the ?eece with 
partial destruction of the foam cells and incorporation 
into the ?eece of about 20' parts to about ‘140 parts (solid 
weight) of binder material'per 100 parts, by weight, of 
?bers while maintaining a substantial porosity in the im 
pregnated sheet formed, and stabilizing the impregnated 
sheet by drying and vulcanization of the vulcanizable 
binder material without pressure, thus causing complete 
destruction of the remaining foam cells and precipitation 
of solid, ?lmy binder particles on the ?bers uniformly 
throughout the ?eece to cement the ?bers together at their 
crossing points. i ' _‘ ' v 

7. A process as claimed in claim 6, in which the-elastic, 
?lmaforming binder material is a latex selected from the 
natural and synthetic rubber latex dispersions of vulcan 
izable solids containing further a wetting agent, a foam 
stabilizing agent, a vulcanizing agent, a vulcanization ac— 
celerator and an antioxidant. ' - 

8. A process for the manufacture of a fabric-like 
porous, air permeable, isoelastic sheet material which 
comprises the steps of preparing a loose ?eece consisting 
of ?ne cardable ?bers arranged in random positions, said 
?eece containing at least a major proportion of ?bers of 
high elasticity and weighing about 150 g. per m.2, applying 
to at least one surface of said ?eece a small quantity of 
a ?owable binder, causing said binder to solidify to im 
part to the ?eece an initial surface cohesion without ap 
preciable reduction of its porosity, pressing into the pre 
treated ?eece through at least one surface thereof an 
aqueous dispersion of vulcanizable elastic binder con 
taining about 14% to about 40% by weight of binder 
solids and being in the form of an aqueous foam so as 
to cause a substantially uniform pentration of the ?eece 
with incorporation therein of about 331/3 parts to 100 parts 
(solid weight) of binder material per 100 parts by weight 
of ?bers under a pressure to reduce the thickness of the 
?eece to 0.2 to about 0.5 mm. with preservation ofya 
substantial porosity in the impregnated sheet formed, and 
stabilizing the impregnated sheet by vulcanization. 

9. A process for the manufacture of air-permeable, 
?exible, ?brous sheet material, said process comprising 
the steps of forming a loose ?eece of intermingled, poly 
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posed, ?ne, cardable ?bers weighing about 35 to about 
1000 grams per square meter, pre-treating at least one 
surface of said ?eece to produce a light surface cohesion 
without any appreciable diminution of the porosity of 
the ?eece, introducing into said pre-treated ?eece an 
aqueous emulsion of a ?lm-forming binder material con 
taining about 14% to about 40% by weight of binder 
solids and being in the form of a stable, ?owable foam 
under a pressure su?icient to effect a substantially com 
plete and uniform penetration of the ?eece with simul 
taneous destruction of part of the foam cells and com 
paction of the ?eece to a sheet without substantial re 
duction of the interstices between adjacent ?bers in the 
plane of the sheet, and drying without pressure to e?ect 
complete collapse of any remaining foam cells and set 
ting of the binder solids precipitated primarily at the 
crossing points between adjacent ?bers uniformly 
throughout the sheet in the form of small, ?lmy particles 
adhering to the ?bers and cementing them together at 
their crossing points without ?lling the interstices between 
the ?bers to any substantial extent whereby the sheet is 
stabilized in the form of an open skeleton. 

10. A process for the preparation of unwoven thin 
porous sheet material having a thickness ranging from 
about 0.1 to about 3.5 millimeters and a weight of about 
40 to about 1700 grams per square meter, the sheet ma 
terial having a textile character, softness, good hand, 
?exibility, isoelasticity, good resiliency, crease and crum 
ple resistance, and permeability to air, water and perspira 
tion, said process comprising the steps of forming a thin 
?eece of cardable ?bers arranged in a plurality of inter~ 
section directions and weighing about 35 to about 1000 
grams per square meter, applying to one surface of said 
?eece a thin layer of adhesive so that the ?bers are held 

together without substantially impairing the porosity of 
said one surface, thereafter forcing into said ?eece under 
pressure an aqueous dispersion containing about 14% to 
about 40% by weight of ?lm-forming binder solids and 
also a wetting agent, the dispersion being applied to said 

’ ?eece in the form of a stable ?owable foam, whereby said 
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?eece is reduced in thickness to a thin sheet and said foam 
is uniformly distributed throughout said sheet, a portion of 
the foam cells being collapsed during introduction into 
said ?eece, drying the impregnated sheet without pressure 
to thereby complete destruction of the foam cells and 
convert the binder to thin ?lmy webs which cement the 
?bers together at their crossing points to retain the struc 
tural character of said sheet without a?ecting the porosity 
thereof, thereafter washing said sheet in Water to remove 
water-solubles together with said wetting agent, and dry 
ing said sheet. 
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