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AESTRACT OF THE DISCLOSURE 
A layer of low wet-strength fibrous sheet material of 

non-textile length fibers, such as cellulose Wadding, is 
plied between two unspun and unwoven fibrous webs. 
After saturation with a liquid binder, the assembly is 
squeezed under pressure, causing the inner layer of short 
fibers to aggregate into a sheet marked by broken, dis 
connected fibrous ridges, in which the ridges, having a 
higher concentration of fibers than the rest of the sheet, 
carry a higher concentration of binder. Drying the as 
sembly results in the outer plies being intermittently 
bonded to the inner ply, resulting in a soft, flexible 
product. 

-mawraa Ricretenerarmarr 

This invention relates to bonded nonwoven fabrics. 
More particularly it relates to improvements in the art 
of making soft, flexible, non-papery nonwoven fabrics of 
enhanced esthetic hand and appearance. 

Bonded nonwoven fabrics are widely used, among other 
applications, as disposable towels, pillowcases, sheets, sur 
gical drapes, and the like. For such purposes, it is de 
sirable that the bonded nonwoven fabric simulate a woven 
article as closely as possible: that is, it should possess ade 
quate strength for its intended use, and should be soft 
and conformable, with a pleasing hand and drape, and 
should be substantially free of the stiffness and crackle 
of paper. 

Unfortunately, it is difficult to combine both strength 
and softness in bonded nonwoven fabrics. The type of 
bonded nonwoven fabric most widely met with consists 
of a plied assembly of from two to four or five webs of 
textile-length fibers, as from a set of cards or garnetts, 
which have been saturated with a binder as by spraying 
or dipping, and then dried. Such products tend to be 
papery, if they are of adequate strength. Additionally, in 
the drying process the binder tends to migrate to the 
surfaces of the plied webs, so that these surfaces are 
rendered objectionably stiff, and so that the product is 
deficient in binder in the center plies and tends to de 
laminate. It is apparent that in the average bonded non 
woven fabric of commerce, the binder is not so dis 
tributed as to develop maximum strength and delamina 
tion resistance. 

Attempts have been made to overcome this disadvan 
tage by processes in which the binder is printed onto the 
assemblage of fibrous webs in the form of solid or broken 
lines, or in the form of discrete geometric areas which 
leave a substantial part of the fabric free from binder. 
Such an expedient, however, involves the expensive oper 
ation of engraving printing rolls to control the binder 
distribution pattern. Additionally, to maintain the binder 
in printable form often involves the use of thickening 
agents, usually of a water-sensitive nature, since the fluid 
ity of many binder latices is so high that it must be re 
duced for a printing operation. 

I have found that soft and flexible nonwoven fabrics 
comprising a plurality of Superimposed fibrous webs can 
be produced by an overall saturation with binder dis 
persions, provided that the fibers comprising at least one 
of the webs have, due to their physical nature and to 
their state of distribution, an enhanced affinity for the 
fluid binder dispersion, so that in an overall saturation 
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process followed by drying, the binder in its final dried 
form is more concentrated in discrete areas, randomly 
distributed throughout the length and breadth of the 
fabric, than it is elsewhere in the fabric. 
More specifically, I have found that if a layer of cellu 

lose wadding is plied between two webs of textile length 
fibers and the assembly is saturated with binder disper 
sion, squeezed, and dried, the result is a multi-layered 
nonwoven fabric in which a substantial part of the fibers 
of the cellulose wadding layer are arranged in a series 
of randomly-distributed short ridge-like lines which con 
tain a higher fiber concentration, and hence a higher 
binder concentration, than the wadding fibers throughout 
the rest of the inner layer. In this sense, the layers of the 
final nonwoven fabric may be regarded as being hingedly 
interconnected throughout the thickness of the fabric, 
with the result that the fabric is soft, conformable, and 
drapes readily while it maintains a substantial resistance 
to ply separation and delamination, as will appear more 
fully hereinbelow. This discontinuity of binder distribu 
tion is found only in depth and between plies, the fibers in 
the surface plies of the fabric being bonded to each other 
in a substantially uniform manner. 

It is an object of this invention to provide a soft, con 
formable nonwoven fabric comprising a plurality of fi 
brous webs, in which the webs are interconnected in depth 
more Securely at some points than at others. 

It is also an object of this invention to provide a non 
woven fabric of the above type in which the binder dis 
tribution in at least one of the webs is more concen 
trated in certain areas than in others. 

Other objects of the invention will appear from the 
following description and from the drawings, in which: 
FIGURE 1 is a top plan view of a multi-layered, 

bonded non-woven fabric made according to this inven 
tion. 
FiGURE 2 is a plan view of the interior layer of the 

product of FIGURE 1. 
FiGURE 3 is a cross-sectional view of the product of 

FIGURE 1 along the line A-A. 
FIGURE 4 is a tracing of the delamination strength 

of a multi-layered saturated nonwoven fabric made ac 
cording to this invention, as measured on an Instron ma 
chine. 

It is common practice, as set forth above, to super 
impose on each other a plurality of carded webs of textile 
length fibers, saturate the assembly with a liquid binder, 
and dry the saturated product. During the drying opera 
tion, the evaporation of water from the binder solution 
causes migration of binding material to the surfaces of 
the fabric. The surfaces are thereby enriched, and the 
central Zone impoverished, in binder content. To com 
pensate for the resulting tendency of the final product to 
delaminate or split into separate layers, it is common 
practice to oversaturate the assembly of webs with more 
binder than is actually needed to develop adequate 
strength. This further increases the boardy, papery hand 
of the outside plies of the fabric. 

I have found that desirable improvements in multi 
layered nonwoven fabrics of this type may be effected 
by the utilization, in at least one layer of the assembly, 
of at least one layer of a second species of fibers with 
properties of capillarity and retention which differ from 
the fibers in the surface layers. One example of such a 
second species of fibers is a sheet of short, non-textile 
length fibers, such as are found in a sheet of creped cellu 
lose wadding. By cellulose wadding I means a sheet of 
wood pulp fibers formed into a very thin, highly pervious 
and very tenuous crepe tissue material, with but little wet 
strength but with high absorbent capacity. It is usually 
formed by the mechanical creping of a wood-pulp paper 
sheet, and due to the creping such a wadding may be 
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stretched 10% or 15% or more. Such wadding generally 
ranges from 10 to 20 grams per square yard. I have found 
that cellulose wadding weighing about 10 to 12 grams 
per square yard per single ply is well-suited to the practice 
of this invention. 
When a ply of such a wadding is assembled between 

outer plies of webs of textile-length fibers from carding 
machines, garnetts, or the like, and the assembled plies 
are saturated with a liquid binder, the characteristic nature 
of the wadding layer is to hold more binder than the layers 
of textile-length fibers. It is a general fact that for a fiber 
substance of a given chemical nature, the more finely 
divided the fibers, the higher their fluid-absorbing capac 
ity. Thus a given weight of short wood-pulp fibers will 
generally hold a larger amount of an aqueous fiuid than 
an equal weight of rayon fibers. Similarly, a given weight 
of fine rayon fibers of 1.5 or 3.0 denier will generally 
hold, at saturation, a larger amount of water than a 
similar weight of coarse rayon fibers of 10 or 15 denier. 

In the production of nonwoven fabrics of this type, it 
is common practice to saturate the plied fibrous assembly 
with a Sinal excess of Saturant, to insure complete pene 
tration, and then to Squeeze the assembly, as by means 
of a nip roll, to the desired pickup. In the practice of this 
invention, such a squeezing operation has an important 
effect on the distribution of the short fibers in the wadding 
layer. Normally, in the dry state, the fibers in the wadding 
layer are uniformly distributed throughout the sheet, the 
surface of which is marked by numerous faint wave-like 
lines characteristic of a creped sheet. When wet, however, 
as in the saturation process, the wadding sheet has little 
or no wet strength. Additionally, it tends to lose its crepe, 
and if a dry piece of such wadding is dropped onto a sur 
face of water, it will expand in a direction perpendicular 
to the crepe pattern. In the practice of this invention, how 
ever, the "Wet Wadding layer is not free to expand, but is 
heid between the upper and lower layers of textile fibers. 
The crepe that was built into the dry wadding therefore 
appears as slack in the wet Wadding. Apparently the ac 
tion of the squeeze rolls, acting on the asserinbly, is to 
iron out a considerable amount of the crepe or slack in 
the sheet of wadding, and without destroying the integrity 
of the sheet, to rearrange the wadding fibers into a series 
of separated broken ridges, the ridge pattern being of 
much coarser grain than the fine-grained ripple or crepe 
pattern of the original wadding. 
The resulting product is illustrated in FIGURES 1, 2, 

and 3. In FIGURE 1, 19 represents a view of the upper 
surface of a three-layered nonwoven fabric made in ac 
cordance with the process of this invention, according 
to Example 1 below. Although the Surface of the fabric 
is shooth and uniform, it is optically marked by the pres 
ence of numerous and randomized broken lines 2. FIG 
URE 1 is a drawing, to exact scale, of a tracing of a 
Section of the actual fabric of Example 1, made by trans 
mitted light. 

If the outer layer of textile fibers constituting the top 
layer of FIGURE 1 is removed, the inner or wadding 
layer of the fabric is exposed. This layer of fibers is still 
integral and intact, and comprises a fibrous sheet 4 in 
which the optical lines 12 of FIGURE 1 are seen to be 
due to actual fiber ridges 3 of the short, highly capillary 
wood pulp fibers of the inner layer. These ridges, presum 
ably formed by the rolling action of the squeeze rolls 
taking the slack or crepe out of the wadding, are areas 
of high fiber concentration. That is, the short pulp fibers 
are piled up together into ridges in which the average 
fiber density is greater than in the balance of the sheet 
lying between the broken ridge lines. Due to this induced 
rearrangement of the wadding fibers into discrete and dis 
continuous lines of fiber compaction, the capillarity of 
the fibers in these ridges is greater than it is through cut 
the balance of the sheet. As a consequence, during the dry 
ing operation, the tendency of the binder to migrate to 
the surfaces of the fabric is to a substantial degree over 
come by these highly retentive discontinuous fiber ridges, 
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which hold a disproportionate share of binder substance 
When compared with the rest of the inner sheet. 

This may rore clearly be seen with reference to FiG 
URE 3, in which two layers of textile-length fibcs, 16, 
are disposed one on each face of a layer of creped cclu 
lose wadding 8 and the assenbly of plies is trated in 
accordance with the process of this invention. It is seen 
that at intervals the wood pulp fibers of the inner layer 
have been aggregated into ridges 20, 22, and 24, reflect 
ing in magnified form the ridges 20, 22, and 24 of line 
A-A of FIGURE 1. These ridges are not only areas 
of high fiber concentration, as explained above, but are 
areas of high binder concentration. Thus they serve to 
bond the plies of the fabric more firmly than the plies 
bonded in the vicinity of unperturbed fiber distribution, 
as at 26 in FIGURE 3. Since the locations of high binder 
concentration 28, 22, and 24 are separated by areas of 
lower binder concentration, the bond between the latter 
areas and the outer surfaces of the fabric is weaker than 
it is at the locations 29, 22, and 24. This variability lends 
a softness and drape to the fabric as a whole, and illus 
rates what I mean by a hinged interconnection between 
the fabric plies, wherein areas 20, 22, and 24, being 
strongly resistant to delamination, interconnect the plies 
6, 13, and 16 with the provision of soft and flexible 

areas 23 in between the strongly bonded areas. 
One typical product of this invention will be illustrated 

by the following example and by the discussion of the 
fabric properties set forth thereafter. 

EXAMPLE 1. 

A layer of cellulose wadding weighing 10 grams per 
square yard was continuously sandwiched between two 
card webs of 3 denier viscose fibers. The three-ply as 
sembly was Saturated, by means of a Screen Saturator, with 
an excess of a 20% water dispersion of an acrylic binder 
known commercially as HA-8, a product of Rohm and 
Haas. The wet pickup was adjusted to about 100% by : 
means of a pair of Squeeze rolls cxerting a pressure of 
about 12 pounds per inch of nip. 
The resulting product resembled the illustration of 

FiGURE 1, and was satisfactory for use as a disposable 
drape or towel, with a soft and attractive hand combined 
with Satisfactory tensile strength and resistance to delami 
nation. 
The delamination-resistance pattern of the material was 

neasured by means of an Instron machine with settings 
of 100 grams full scale and a crosshead speed of 1 inch 
per minute. Strips of fabric were cut one-half inch wide, 
running in the machine direction. Delamination was in 
duced by working the fabric-strip by hand in the vicinity 
of a lightly-bonded area, after which the loosened sur 
face ply of viscose fibers was clamped in one jaw of the 
Instron, and the center and bottom ply were clamped 
in the other jaw. A tracing of the resulting curve is re 
produced in FIGURE 4, which represents the delamina 
tion of approximately one inch of plied fabric. 

It will be noted that the tracing of delamination resist 
ance in FIGURE 4 is highly irregular, being marked by 
peaks of high resistance B, C, D, E and F, where the 
resistance is between about 45 grams and 60 grams, on 
a one-half inch wide strip. The average resistance to 
delamination is represented by the horizontal line at the 
28 gram mark, and is calculated as follows. The original 
Instron chart tracing is on graph paper ruled with ten 
lines to the inch. A representative 10 inch section of the 
graph, including the section illustrated, was scanned and 
the 100 intercepts were measured and averaged. 
The significance of the irregularly peaked dalamination 

pattern shown in FIGURE 4 may be summarized statis 
tically by stating that over 50% of the 100 measured 
values of delamination resistance lie outside the range 
of the average (28 gram) value plus or minus 20%. 
When compared with saturated nonwoven fabrics of uni 
for in fiber content, the delainination strength measure 
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ments of the product of this invention show a coefficient 
of variation that is three times as high. 

It has been my experience with products of this sort 
made from plied webs of identical fiber type, that a re 
sistance to delamination of less than 30 grams per half 
inch wide strip, measured as set forth above, is inadequate 
to hold the plies of a disposable towel, sheet, or drape 
together against the normal rigors of application and 
usage. in the product of this invention, represented by 
the tracing of FIGURE 4, less than 30% of the measured 
length of a fabric strip had a value of 30 grams or more, 
yet the product is eminently suited for use as a towel, 
sheet, drape, or other disposable article, due to the pres 
ence of the peaks B, C, D, E, and F, which may be re 
garded as "resist points,' halting the tendency of the 
fabric to separate into plies. It should be noted that the 
five peaks shown in FIGURE 4 occurred during the de 
lamination of only one inch of nonwoven fabric. I have 
found that products made according to this invention 
which possess from two to ten such “resist points' per 
inch are generally resistant to delamination when used 
as disposable towels, drapes, and the like. 

Since over 70% of the length of the strip tested in 
FiGURE 4 has a “resistance to delamination' value of 
less than 30 grams, the product as a whole reflects the 
properties of a discontinuously bonded nonwoven fabric, 
even though the Saturation and all details of processing 
were analogous to the simple and economical processing 
of an overall saturated fabric. Due to the plies being only 
lightly bonded together over a preponderant portion of 
the fabric, the fabric has a pleasing softness and drape 
which closely approach those of woven textile fabrics 
used for the above-mentioned purposes. 

It will be apparent to those skilled in the art that other 
impregnants may be added in the binder-saturation step, 
or separately, to alter the appearance or function of the 
final product without departing from the structure set 
forth in this invention. That is, the nonwoven fabric of 
this invention may be made water-repellant, or flame 
retardant for special purposes. For surgical uses, it is 
frequently desirable to color the fabric green. This may 
be done by the use of dyes or by using pigments which 
are held in the fabric by the binder. In such cases, the 
discontinuous ridge lines in which binder is concentrated 
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tend to be of a darker color than the balance of the 
fabric, thus enhancing the esthetic appeal of the article 
made therefrom. 

Having thus described my invention, I claim: 
1. A multi-layered nonwoven fabric comprising sur 

face layers of textile-length fibers wherein said fibers are 
Substantially uniformly bonded to each other in each in 
dividual surface layer, 

together with at least one inner layer of a second 
species of fibers, 

each layer of said fabric being in full face contact 
with and bonded to each adjacent layer throughout 
substantially its complete extent, 

scane at least of said second species of fibers of said 
inner layer being concentrated into a randomly 
distributed pattern of ridge-like broken lines, 

said lines containing a higher concentration of second 
species fibers and of binder than the areas of said 
inner layer lying between said ridge-like lines lying 
entirely within said inner layer, 

whereby said inner layer of fibers is bonded to said 
outer layers of textile-length fibers more strongly 
at the points of contact of said ridges with said 
outer layers than throughout the areas lying between 
said ridges, said fabric having substantial resistance 
to delamination throughout substantially its entire 
extent and increased resistance to delamination at 
said ridge-like lines. 

2. The product according to claim 1 wherein the inner 
layer is a layer of short fibers of paper-making length. 

3. The product according to claim in which there 
are between 2 and 10 said ridge-like broken lines per 
inch of nonwoven fabric length. 
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