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Background of the Invent | on54%¢"

Nonwoven fabrics were devel oped i npeaf é?r'nbt ‘t0 5 produce an i i@ néW
fabric by elini nat i ng nmany of the - - various- steps required to

produce woven or knitted . fabrics. Initially, nonwoven fabrics were
produced from card or air-laid webs of fibers which were bonded with a
chemni cal bi nder. Such fabrics have relatively limted 10 usage because
their strength characteristics were poor conpared to woven or knitted
fabrics and their absor bency and softrless characteristics |eft

sonet hing to be_ des] | e o DEGA f use of chem cal binders. Major
advances e TR e 1T e T R EN A gerably reducing the 15

anount of blnder used in a nonwoven fabric by rearrangi ng or

ent angling the é Sotid Sof! E%ﬁ%&e%&#)r oduce' what are terned
"yarn like" fibe areas. Methods and
apparat us for produ Prweren; Lakpics wereg; 9%&%%@"% atteppt to

di scl osed §n U prodiaé€nafi inexpensive fabric by eliminating many of the
| various steps required to produce woven or Xknitted
fabrics. Initially, nonwoven fabrics were produced from
card or a:'ir-laid webs of fibers which were bonded with a
chemical binder. Such fabrics have relatxvely limited
10 usage because their strength characteristics were poor
compared to woven or knitted fabrics and, their absorbency
and softness characteristics left something to be desired
because of the use of chemical binders. Major advances
were made in eliminating or considerably reducing the

Ve

15 amount of binder used in a nonwoven fabric by rearranging

or entangling the fibers in a fibrous web to produce what
are termed "yarn like" fiber segments and entangled fiber .

areas. Methods and apparatus for producing fabrics of

this nature are more fully disclosed in U.S. Patents

. 20 2,862,251, 3,033,721, and 3,486,168. While these

' techniques improve the strength 'charac'teristics of
nonwoven fabrics, they still did not have the strength
characteristics of the woven or knitted fabrics. These

entangled or rearranged fiber fabrics did require less

h 3 25 binder and, hence, had good absorbent characteristics and
| excellent softness. As a result of this, nonwoven fabrics
found primary -uses 1n many products such as sanitary
napkins, disposable diapers, replacement gauze, medical
bandages, and the like. While such products were accepted
30 for uses where absorbency and softness was desired, the -
- various different fiber areas would absorb differently.

For example, yarn-like structuras would absorb different

than non-yarn-like structures. Furthermore, many of these
fabrics included apertures or holes and while suitable for



20 2,862,251, 3,033,721, and 3,48668>  Wile these

techni‘ques inprove the strength characteristics of nonwoven
fabrics, they still did not have the strength characteristics of the
woven or knitted fabrics. These - entangl ed or rearranged fiber fabrics
did require less 25 bi nder and, hence, had good absorbent characteristics
and excellent softness. As a result of this, nonwoven fabrics -
found primary uses in many products.such as sanitary napki ns,

di sposabl e di apers, replacenent gauze, nedi&at bandages, and the |ike.

Whi | e such products were accepted 30 for uses where absorbency and
softness was dePFéng materials;, wexe aots fwihakleycfor, sarendhserhent: b

differently.  profaetexanDéss vesd-in K 1Hi~1akereconpidar @bbond. dihfiaeent

t han non-yarn-I| ke st ruc%uges. F%t her npr e rrag¥ of tt}:ease e it fabr 11531

i ncl uded aper t uP8R¥gYeRoFRRTLRE BRYEIaLPed Y idf jeceptance, it is sti

- 2- f aci ndesdredi &os imperoventhes @hsthtkerfto characteydstiiost of such
5 fabrics and make them more efficient in use.

. It is an object of the present invention to produce
a nonwoven fabric having improved absorbent
characteristics. It is a further object of the present
10 invention to produce a nonwoven fabric having relatively
uniform absorbent characteristics. It is still a further
object of the present invention to produce a nonwoven
fabric that has improved absorbent characteristics without
any deleterious effects on the other desired properties of

15  nonwoven fabrics. '

Summary of the Present Invention
Nonwoven fabrics of the present invention - have
substantially uniform absorbent characteristics in all
20 directions within the plane of the fabric. The nonwoven
fabric has a repeating pattern of three interconnected
fiber arrays. The first fiber array of the fabric
comprises a plurality of parallel fiber segments. - The
second fiber array comprises a plurality of twisted and
25 turned fiber segments that form a band disposed
' substantially perpendicular to the.parallel fiber segments
of the first fiber array. The second fiber array is
disposed adjacent the first fiber array. The nonwoven
fabric of the present invention includes a third fiber
30 array which interconnects the first and second fiber
arrays. The third fiber array comprises a plurality of
highly entangled fiber segments.



products unless used in multi-layer configurations. Wile nonwoven

fabrics have gained wi de acceptance, it is still desired to inprove

t he absorbent characteristics of .such 5 fabrics and nmake them nore
efficient in use. It is an object of the present invention to
"produce a nonwoven fabric havi ng I.nproved absor bent
characteristics. It is a further object of the present 10 I nvention to
produce a nonwoven fabric having relatively uni f or m absor bent
characteristics.. It is still a further = 3 ebject of the present invention
to produce a nonwoven fabric that has inproved absorbent

characteristics withibohwoven aﬁgl?nieiset @fi otheef fprssendn timyentien dbswveed
properties of %nif%"w&&ﬁ%'cfl%rac?:erﬁst§5m{1¥h0€h5£'etﬁ Pattern of

| nventi on WOV en rics o resent i nvention have
substantially uﬂPﬁBFHFh%BoPSeﬁﬂ“éﬁaﬁMn%ﬂ?SFPE§1Pnhﬁﬁ yomean; reupdprss

wi thin the pl angagtothef faly ior graaeeﬁonwnmgwl the ﬂaﬁxexnlmESaasbepeabnng
pattern of threﬁ i nterconne rays flb La@lray

of the fabPic BoﬁﬁPF§3£i§ ﬁ?ﬁ?gﬁ ? %Fe%%faFng ;Fﬂgrggegﬁgn?s The
second fiber arfaymcBaptosesf a0 o7 wunlgteatdrd wi sted and 25 turned fiber

segnents that form a band disposed substantially perpendicular to
the parallel fiber segnents of the first fiber array The second
fiber array is s{a%mleﬁ}ieéc&hﬁs?@W%%@dfﬁmrﬁ?‘i‘ﬁ}’r°Peﬂ¥é%ﬂﬁo

fabric of the petReeFabri¥gnbEoBhenpragdentaihbendibnbpay result from the

10 unique distribution and configuration of fiber in the
fabric. Nonwoven fabrics of the present invention have a
generally sinusoidal fiber distribution curve .over their
cross-sectional area. This generally sinusoidal - fiber
distribution curve of the fabrics of the present invention

15 must meet certain criteria. We have found that one way of
defining and measuring these criteria is by mathematically
defining the fiber distribution curve. The curve may be .
defined by the average percentage of area covered by
fibers, the cycles or periodicity of the curve and the

20 average amplitude of the curve. . We have found that the
fabrics of the present invention have a fiber distribution
index of at least 600 and preferably at least 800. This
fiber distribution index is determined by multiplying the
average percentage of area of fiber coverage in a specific

25 measured cross-sectional area of the fabric by one-half
the number of clearly identifiable points of minimum fiber
coverage over said specific cross-sectional area and
dividing this figure by the average amplitude of the fiber
distribution curve.

30

Brief Description of the Drawings

. Figure 1 is a photomicrograph of a nonwoven fabric of



30 array which interconnects the first and second fi ber arrays.
third fiber array conprises a plurality of hi ghly entangl ed fi ber

segnents.
Nonwoven

characteristics such that the pattern of

The

fabrics of the present i nvention have uni f or m absor bent

fabric has a nean roundness factor of 0.6 or greater. Also, the
pattern of absorption 5 has a generally snmooth perineter such that it

has a nean

of fi ber
have a
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absorption of fluid by the

formfactor of 0.7 or greater. It is believed
t hese conbi ned absorbent properties of the fabrics of the present
i nventi on may risellgrésent tirevesttion emlaurgedi stoutuOotimeg:sconfi gurati on
in the fabric. Nonwoven fabrics of the present invention

general |y sinusoidal fiber distribution cyrve over their

Figure 2 is a schematic perspective view of the
nonwoven fabric photomicrographed in Figure 1;

Figure 3 is a photomicrograph of a cross section of
a portion of a fabric according to the present invention;

Figure 3a is a computerized image of the fibers of
the cross-section depicted in Figure 3 from which a fiber
distribution curve is produced;

Figure 4 is a generally sinusoidal fiber distribution
developed from the. image depicted in Figqure 3a;

Figure 5 is a photograph of an absorbency pattern
produced by a nonwoven fabric of the present invention;

Figure 6 is a schematic sectional view of one type of
apparatus for producing nonwoven fabrics of the preset
invention;

Figure 7 is a diagrammatic view of another type of
apparatus for producing the nonwoven fabrics of the.
present invention;

Figure 8 is an enlarged perspective view of one type
of topographic support member that may be used in the
apparatus depicted in Figure 7;

Figure 9 is .an enlarged perspective view of yet
another type of topographical support member that may be
used to produce the fabrics of the present invention; and



cross-sectional area. This generally sinusoidal fiber di stribution
curve ‘of the fabrics of the present invention 15 must neet certain
criteria. W have found that one way of defining and neasuring these
criteria is by mathematically defining the fiber distribution curve.
The curve may be defined by the average percentage of area covered by
fibers, the cycles or periodicity of the curve and the 20 aver age
anplitude of the curve. W have found that the fabrics of the
present invention have a fiber distributiens = i ndex of at |east 600 and
preferably at |east 800. This fiber distribution index is determ ned
by nultiplying the Figurevaonads pecphetoagdarograph of faniodheronomgpyemn a
specific 25 e 0 f ' 0

t he nunber of c FE dn Q§$m%§ﬁebp§?h &ég %&é&%&#\?ﬁ%&%tﬁ%n %ﬁg%%?%gbe
over said speC|ﬁP9u§r8§s é@éﬁronal area and dividing this figure by
the average anplitude of the fiber di stribution curve. 30 Bri ef

Description of pae N3 Blscription or enk' ibEndibs 2 PhOtoM orograph of 2

Referring to the drawings, Figure 1 1is a
photomicrograph of a nonwoven fabric 20 of the present
invention at an enlargement of about 20 times. The fabric

10 has a repeating pattern of three interconnected fiber
arrays. The first fiber array 21 is a plurality of
parallel fiber segments. The second fiber array 22, which
is adjacent to the first array, is a plurality of twisted
and turned fiber segments that form a band. The band is

15 disposed substantially perpendicular to the parallel fiber
segments. The third fiber array 23 interconnects the
first and second arrays and comprises a plurality of .
highly entangled fiber segments.

20’ In Figure 2, there is a schematic representation of
a nonwoven fabric 'o_f Ithe present invention. As may be -
seen, in this embodiment the bands 25 of twisted and
turned fiber segments more or less form ribs extending
longitudinally of the fabric 26. On each side of these

25 bands and connected to the bands is a plurality of highly
entangled fiber segments 27 which extend longitudinally of
the fabric. Adjacent - -the plurality of highly entangled
fiber segment areas and connecting the adjacent areas are
a plurality of parallel fiber segments 28. These parallel

30 fiber segments are disposed substantially perpendicular to
the bands of twisted and turned fiber segments.

Figure 3 is a cross-sectional view of the fabric



-4- the present invention enlarged about 20 tines; : '. Fi gure

2 is a schematic perspective view of the nonwoven fabric

phot oni crographed in Figure 1; 5 Figure 3 is a photom crograph of
a cross section of a portion of a fabric according to the present '
I nventi on; Figure 3a is a conputerized imge of the fibers of
10 the cross-section depicted in Figure 3 fromwhich a fiber
distribution curve is produced; Figure 4 is a generally
Elnusoigal Egber di stribution developéd‘fron1the i mage depicted in

I gure 3a; re 5is a hot h_ of an a rbenc
produced by a n@ﬁﬂb@@ﬁdfhbrgggBFetﬁe pﬁgs héﬁﬁﬁ?%n eR%5 view, pg&tSLpe

6 i s a schematipaf@st 30nabt Viwistéd oaad! Wermdd 2@ iberpEegatentsf carer tHeci ng
nonwoven fabrlcghgékégg g%&%Stof the fabric, whereas, the plurality of
parallel fiber segments 31 are the thinnest areas of the
5 fabric. These two areas as described above are connected
to each other by an area 32 comprising a plurality of

highly entangled fiber segments.

The fabrics of the present invention are durable.
10 That is, ﬁhey have substantial strength even in the
absencé of binder. Furthermore, the fabrics of the
present invention have a unique fiber distribution which
provides the fabrics not only with their durability but
also with uniform absorbent characteristics.
15 _

The fiber distribution of fabrics may be determined
by image analysis of the fabric. Imaging analysis using.
image analyzers such as the Leica Quantimet Q520 have
become relatively standard techniques for determining the

20  fiber distribution in fabrics. An image analysis is
carried out on a cross-sectional area of the fabric. A
piece of fabric is cut to a size of about 1" in the
machine direction of the fabric and 3" in the cross-
direction of the fabric. The fabric is dried to remove

25 moisture and then embedded in a transparent resin as is
well known in the art. In the embedding process, the
fabric is maintained in a relatively relaxed state. Once
the fabric has been appropriately embedded in a resin, a
low speed saw may be used to slice off sections in the

30 cross direction of the fabric. The cut or sliced sections
have a thickness of from about 6 to 8 mils. A number of
these sections are then analyzed using a Leica Quantimet
Q520 image analyzer. A typical image formed by-such an



I'nvention; Figure. 7 is a diagrammtic view of another'type of
appar at us ‘for produci ng the nonwoven fabrics of the 25 present invention;

Figure 8 is an enl arged perspective view of one type of topographic
support nmenber that may be used in the apparatus depicted in Figure
7; 30 : Figure 9 is an enl arged perspective view of yet

anot her type of topographical support nenber that may be used to
produce the fabrics of the present invention; -and

- 5- Figure 10 is a photo m crograph of another nonwoven

image analyzer is shown in Figure 3a. The image analyzer
uses a computer to quantify images. The fabric cross
section is imaged through a microscope such as an Olympus
SZH model equipped with a stabilized transmitter 1light
5 source. A video camera links the microscope to the image
analyzer. This imagé is transformed to an electronic
signal suitable for analysis. The stabilized light source
on the microscope is used to produce an image of a
suitable visual contrast such that the fiber in the cross
10  section are various shades from gray to black and are
readilj distinguishable from the pale gray to white resin
background as more clearly shown in Figure 3a. This image
is divided into sample points or pixels for measurement.
The fiber distribution in the cross-section may be
15 characterized by the variation across the section and can
be expressed as the area in square millimeters of fibers
in a specified rectangular measuring frame. In this
instance, the specific measuring frame is 17 pixels wide
by 130 pixels high or approximately 95 square millimeters.
20 To determine fiber distribution, the fiber cover or the
area of fiber within the measured frame is detected and
measured. The measuring frame is then advanced two pixels
across the cross-sectional area and  the measurement
repeated for that adjacent area. This is accomplished
25 anywhere from 200 to 300 times depending on the size of
' " the cross-section. The fiber area in each specific
measured area is then plotted on a graft such as that
shown in Figuré 4. The amount of fiber coverage is
plotted along the ordinate or Y axis and the position of
30 the specific measured area from the starting point is
plotted along the abscissa or X axis. As may be seen in
Figure 4, approximately 232 specific sized areas are
measured along the cross-section of the fabric. The



fabric in accordance with the present i nvention enl ar ged about 20

times.” 5 Detail ed Description of the Invention Referring
to the draw ngs, Figure - 1 is a phot om crograph of a nonwoven
fabric 20 of the present i nvention at an enl argenent of about 20
tinmes. The fabric 10 'has a repeating pattern of three interconnected
fiber . arrays. The first fiber array 21 is a plurality of

parallel fiber segnents. The second fiber array 22, which i s adj acent
to the first array, is a plurallty of tmnSt%d‘ and turned fi ber

segnents that forma,ba e pand i ] sposed substanti al :
per pendi cul ar t 8®PHBE, QEaﬁ%‘Frbee?aCh SP% fieasuged area; ig E’ép%day
23 interconnect anﬂhas may fher steeandirs eRiyuirear 4 ayarihesl cponr abeata .lourcd ity

of highly §pkagg! %ﬂef hQ?E&E&”ﬁ%& bei%% govered ?;f QWG 0o HHE | S

a schematic representat hé present
i nventi on. As +Rfy e 3° ofsdhe measyred caved hem\qr rovenerds bys fiber.

twisted ang Int uémeétih ethé cgiPO 6f NEHE Mdad B fd¥Fdl [ ithe %tﬂi'ﬂi
| ongi tudinal ly t he f h si.de.of these bands d
connected to th aﬁﬁ?a ]pﬂz%%lq‘ﬁ" afi Jfi §& great %ﬁtzéﬁﬂ'ﬁ any if
segnents 27 whi d:hieknesd I orl'glet wdidtd lof ofthe areat ShoQiddir be. seAéJc&eanttot he
ghr;gghiyafgaglgabx §3bAN2eEd1ution DEPHiresd THeas?’ €3 KAH HUVREILISA e
_ : index of the fabric may then be determined from this -
10 graph. As seen in Figure 4, the curve is a generally
sinusoidal curve and the fiber distribution index is
determined by multiplying the average fiber area covered
by the number of clearly identifiable points of minimum
fiber coverage over the cross-sectional area and dividing
15 this figure by the average amplltude of the fiber
distribution curve.

Referring to Figure 4, the averége fiber area covered.

is depicted by the dotted line A. 1In this example, .that . .
20 area of coverage is about .23 or 23% of the area of the
specific measured area. The cycles or repeats are
indicated by the numerals I, II, III, IV. In the repeats
I through III, there are a total of 12 maximum and minimum
points so there are-an average of 4 maximum and minimuns
25 in each repeat. On dividing this figure by two, you then
have a cycle or a periodicity of two. The average
amplitude is determined by 'measuring the amount of fiber
difference between the maximum fiber coverage points and
the average fiber coverage and the amount of fiber
30 difference between the minimum fiber coverage point and
the average fiber coverage. A maximum fiber coverage
point is where the slope of the curve changes from a
positive slope to a negative slope. A minimum fiber



a plurality of parallel fiber segnents 28. These parallel 30 fiber

segnents are di sposed substantially perpendicular to t he bands of

twi sted and turned fiber segnents. Figure 3 is a
cross-sectional view of the fabric

- 6- depicted in Figure 1. As may be seen in this view, the bands
30 of twisted and turned fiber segnents are the t hi ckest areas of the
fabric, whereas, the plurality of ~parallel fiber segments 31 are the

t hi nnest areas of the 5 fabric. These +v® #reas as descri bed above are
connect ed to each other by an area 32 conprising a plurality of

hi ghl y ent angl e§oVerages Rpintt sis where the siiapd aof| theoicurive whanges
invention are dgirahl @ negative slope to a positive slope. The change in

slope to be considered a maximum or minimum should occur
over at least six measuring frames or a twelve pixel
S distance. The averaQe amplitude of the curve in Figure 4
is 0.04. The fiber distribution index of this fabric may
then be determined by multiplying the average fiber area
coverage of .23% times the cycles or periodicity which is
2, divided by the average amplitude of the curve, which is
10 0.04, to give a fiber distribution index of 1150. The:
fiber .distribution index of fabrics of the present
invention are greater than 600 and preferably are in the
range from about 800 to 3300. The fiber distribution
index of the fabrics of the prior art are usually
15 . considerably lower than 400. In fact, some of the art
will have a fiber distribution index of 100 or even lower.

Generally, the fabrics of the presént invention will

have an average fiber area coverage of from 13% to 24%, a

20 periodicity of from 1.3 to 4, and an average amplitude of
from 0.02 to 0.06.

While the-  fabrics of the present invention have
excellent durability, they also surprisingly and
25 unexpectedly have very desirable absorbent
characteristics. Surprisingly, the fabrics of the present
invention have relatively uniform absorbent
characteristics in that their pattern of absorption has
substantially a . round shape. Also the perimeter of
30 absorption pattern is relatively smooth. An absorbent
pattern of a fabric of the present invention is depicted

in Figure 5.



10 That ‘is, they have substantial strength even in the _absence of
bi nder". Furthernore, the fabrics of the present invention have a
uni que fiber distribution which provides the fabrics not only with
their durability but al so wi th uniform absorbent characteristics. 15
The fiber distribution of fabrics may be determ ned by i mage anal ysi s
of the fabric. |Imaging anal ysis using - image anal yzers such as the
Lei ca Quantimet 20 have become rel atively standard techniques for
determining the 20 fiber distribution ia f@bsics. An image analysis is
carried out on a cross-sectional area of the fabric. A pi ece of
fabric is cut to a siPheofaksaxhent patteen is prachices] diusdeig oa oteste
fabric and 3' |nsbigefénssr .oss sdofdr thollaniihe kA bye IHCwhEDELC A3
dried to renove 25 noi sture and .t hen .enbedded 1n a trahsparent resin as
i s el | knBYR FFPRBRF g filled withehbe dersly spldtden. { Qge drop of
fabric i s maint asobationaisehppliely toelthecdakirdic bddRF tested ! Mehé 2byé C

Uaed Lo st | B or fPoBbdr CRRTI(EES T OakGE, Umil meqyly' TR D { AbpPEent .

cut or sliced sepatbexn of ahout aonéi doalssdiémétem abohet fab@iwi |fs A
number  of SUPSEr€&at i RNSueh eatbs? éﬂ&y%ﬁ&é'siﬁé‘%é EGAEREVBOLLEE
®20 image anal yfaeﬂficAat &) ! Cgrlxyl rgi estroartr;Edwh%.ciuccogEd influence the
' absorbent pattern. A series of drops (at least ten on
10 each s;de of the fabric) are applied and spaced far enough
' apart that one drop does not interfere with any adjacent
drop. -In application, the dropper 1is positioned
approximately one centimeter above the fabric surface and
a single drop is expelled from the dropper onto the fabric
15, surface. The supported fabric is allowed to air dry prior

to image analysis. .

To determine the roundness and the perimeter

smoothness of the absorption pattern, the pattern is

20 placed under a microscope and using appropriate computer

software is measured for roundness and for form. The

roundness is determined by measuring the area of the

absorption patfern and also measuring the length that is

the longest diameter of the pattern. The roundness factor

25 is determined by multiplying the area of the pattern times

4 and dividing this figure by "pi" times the length of the

longest diameter squared. The roundness for a perfect

.circle is 1. The roundness of the absorption patterns of

fabrics of the present invention have a mean roundness

30 factor of at least 0.6 and pfeferably from about 0.65 to
l.0. ' -

The'form factor of the absorbent pattern; that is,



-7- | mage anal yzer is shown in Figure 3a. The inmage anal yzer

uses a conputer to quantify images. The fabric cross section is

i maged through a m croscope such as an d ynpus SZH nodel equi pped with
a stabilized transmtter light 5 source. A video canera links the

m croscope to the imge analyzer. This image is transfornmed to an

el ectronic signal suitable for analysis. The stabilized |ight source
on the mcroscope is used to produce an i mage of a sui t abl e vi sual
contrast such that the fiber in the cross 49 - section are various shades
fromgray to black and are readily distinguishable fromthe pale gray
to white resin the bBR6KBRAESE asf£NDEReC! paklivetBeyn s FaetegmiaedThiy

The fiber i ot RERFRBHn Wito BFBR5 Yhcthsn deoperidl BERIMER'S #‘.‘ze&hby
the variation apepimetée efcthenabsdrphion patbersipr beecfioxm thstare Sn

square m | 1imetgpg,of ¢f) Qteréimes "%i"'atiﬁégl el o ag?“i‘.ﬁé

frane In this speci.fic neasurin rane is 17 %!xels
wi de By 139a§tg§nsdhvg¢\e%rbsaﬁ&eompewrgsq‘émg Phithe absorpti
To determ ne flbattdrﬁt ri bui-l QN peirfectilpesmeothr cikcleg the fmmfafcﬁarber

¥Mr ;manl ;hte hgﬁaz L(rjat ag: tec&:%%nanpattern oS uél%j f-la_%%i@gastyf' We
present 1nvention have a mean form factor of at least 0.7
and preferably from about 0.75 to 1.0.
w0 _ . _
By "mean" roundness factor and "mean" form factor it
is meant the arithmetical average of at least 15
measurements.

15. Figure 6 is a schematic cross-sectional view of
apparatus which may be used to produce fabrics of the
'present invention. - The apparatus includes a movable .
conveyer belt 55. Placed on top of this belt to move with
the belt is a topographically novel configured support

20 member 56. The support member has a plurality of
longitudinally extending raised triangular areas. Holes,
or openings extending through the support member, are
disposed between triangular areas as will be more fully
discussed in conjunction with Figure 8. The fiber web 57

25 to be treated is disposed or supported by the apex of
these triangular areas. Openings in the support member
are disposed between the triangular areas. Specific
forming members will be more fully described hereinafter.
As previously mentioned, -placed on top of this support

30 member is a web of fibers. The web may be a nonwoven web
of carded'fibers, air-laid fibers, melt blown fibers, or
the 1like. Above the fiber web is a manifold 58 for
applying fluid 59, preferably water, through the fibrous



across the cross-sectional area and the neasurenent repeated for that
adj acent area. This is acconplished 25 anywhere from 200 to 300 tines

dependi ng on the size of t he cross-section. The fiber area in each

specific nmeasured area is then plotted on a graft such as that

shown in Figure 4. The anmount of fiber coverage is plotted al ong the

ordinate or Y axis and-the position of 30 the specific neasured area from
~the starting point is plotted al ong the abscissa or X axis. As may be

seen in Figure 4, approximately 232-sp@crfic sized areas are

measured al ong the cross-section of the fabric. The :

- 8- amoun¥eby ag; fbe fibEaws wehds isupRorted Pnthe suppost; aember

and as may be safd movedgohetHeVéonesydr G5e BO Béneath Gthe manik¥Pf irhe
nmeasured area b§'€=\?‘;§ COVer e%egyaﬁ, er, t o, about 30% of_.t he
y

. .30 or
measured area b&Ng cove e §d At YIrying pressingss; ;o Disposed
measured area, beneaghgHthefconveyehebalta ishoal daoaumickanitsld t 60s for

greater thgn anyehdlinGg water from the area as the web and support member
are passed under the fluid manifold. 1In operation, the-
fiber web is placed on the support member and the fiber
web and support member passed under the fluid manifold.
Water is applied to the fibers to wet out the fiber web to
10 be certain the web is not removed or disrupted from its
positién on the support member on further treatment.
Thereafter, the support member and web are passed beneath
the manifold a series of times.  During these passes, the
- pressure of the water of the manifold is increased from a
15 starting pressure of about 100 PSI to pressures of 1000
PSI or more. The manifold consists of a plurality of
orifices of from about 4 to 100 or more holes per inch. .
Preferably, the number of holes in the manifold is from 13-
to 70 per inch. '
20
In this embodiment, there are about 12 longitudinal
ribs per inch of web. These triangular longitudinal ribs
have a height offabout .085 inches. The width at the base
of the triangular areas is about .030 inches. The
25 -distance between triangular areas is approximately .053 .
' inches. The holes in the support member have a diameter. -
of about .044 inches and afe spaced on .0762 inch centers.
After the web and support member are passed under the
manifold a series of times, the water is stopped and the
30 vacuum continued to assist in dewatering the web. The web
is then removed from the support member and dried to
produce a fabric as described in conjunction with Figures
1 through 3. .



t hi ckness.. The width of the area should be selected to " gi ve good

resolution of fiber areas. Fiber distribution I ndex of the fabric may
then be determned fromthis 10 gr aph. As seen in Figure 4, the curve
is a generally si nusoi dal curve and the fiber distribution index is .
determ ned by nultiplying the average fiber area covered - by the nunber
of clearly identifiable points of m ninmum fi ber coverage over the
cross-sectional area and dividing 15 this figure by the average
anplitude of the fiber distribudeH’dUrve Referring to

Fi gt 4, th fi t d he.d

ioe a o thi e ovath oFighet 55 CUBER’ de cdobishat; A%, aRbaratud 50
the area of thecontinwpexly i prodacingd fabrdas iﬁh@@g@#@%ncejrwispeatbe are
indi cated by the. %%ﬁgﬁ*iﬁ&%ﬂgﬂdn. Ibhe EgheﬁgtieeréﬁPéééﬁtation 1ﬁéﬁﬁW@@

11, there are a $0|nsso her e,

are-an average %fcwmmhﬁds%ﬁ’h#ﬁhms%es i3F LR embexr iRy ng
this figure by doébrdéncd heiith théaresentc! ¢nventipati odl'!hé y befitt wbs

i T o once. bet ERTCHMSUREY R4 oL S ovePaEEs SorTersd 1 PEBe i “spbhe
fiber coverage spacede apaint memberiser a80 is diwelek eknowret identhee ar®i mnum
~fiber coverage paliledi'dapove tmlf‘v%iﬂe {%bgr f?&f&a%ed:m@ MRXATES1A | ber

cover age pol it 15, where t e curve chan fTom, a
posi tive sl ope ?@'&F%&ﬁ@@@ Y of AinesuRTf gEENPS %ot orifices.

10 Each group has one or more rows of fine diameter holes

with 30 or more holes per inch. The manifold is equipped
with pressure gauges 87 and control valves 88 for
regulating fluid pressure in each 1line or group of
orifices. Disposed beneath each orifice line or group is
15 - a suction member 82 for rémoving excess water and to keep
the water from causing undue flooding. The fiber web 83
to be treated and formed into a fabric of the present .
invention is fed to the support member conveyer belt.
Water is sprayed through an appropriate nozzle 84 onto the
20 fibrous web to pre-soak or pre-water the web and aid in
controlling the fibers as they pass under the pressure
manifolds. A suction box 85 is placed beneath the water
nozzle to remove excess water. The fibrous web passes
under the fluid feeding manifold with the manifold
25 preferably having progressively increased pressures. For
example, the first line of holes or orifices may supply
fluid forces at 100 PSI while the next line of orifices
may supply fluid forces at a-pressure of 300 PSI and the
last line of orifices may supply fluid forces at a
30 pressure of 700 PSI. Though six lines of orifices are
shown, the number of 1lines or rows of orifices is not
critical but will depend on the width of the web, the
speed, the pressures used, the number of rows of-hbles in



-9- - .coverage point is where the slope of the.curve changes “from
a negative slope to a positive slope. The change in sl ope to be
consi dered a maxi mum or m ni mum shoul d occur over at |east six
measuring frames or a twelve pixel 5 distance. The average anplitude of -
the curve in Figure 4 Is 0.04. The fiber distribution index of this
fabric may then be determned by multiplying the average fi ber area
coverage of .23%tines the cycles or periodicity which is 2, divided
by the average anplitude of the curve, whidh ts 10 0.04, to give a fiber
di stribution |ndex of, 1150., The fiber distributi I ndex .of fahrics
of the present ©ach 1iReni$ts- af%fﬁ?ﬁaP@Fs?HSnbﬁﬁﬂeﬁﬁdggF FgFéﬁlﬁeg &Nen

t he range andrsuittidn 8Rhife1ds(Othe Ffbemédbeabrictis passed over andex

Shothe 1207162 Shol Rl Gnd¥iof Moo YE A by MBS Ly 0 HIEY
of 100 or even Weher The support member may be made from relatively rlg1d
S  material and may comprise a plurality of slats. Each slat
extends across the width of the conveyer and has a lip on
one side and a shoulder on the opposite side so that the
shoulder of one slot engages with the lip of an adjacent
slot to allow for movement between adjacent slots and
10 allow for these relatively rigid members to be used in the
conveyéf configuration shown in Figure 7. Each orifice
strip comprises one or more rows of very fine diameter
holes of approximately 1/5000 of an inch to 10/1000 of an
inch in diameter. There are approximately S50 holes per
15 inch across the orifice.

Figure 8 is a perspective view of one'type'of'support;
member that may be used to produce the fabrics of the
present invention. The member comprises a plate 90 having

20 longitudinally spaced apart raised rib areas 91.. The.
plate has 12 of these raised rib areas per inch of width.
The raised areas have a triangular cross-sectional shape
with the width at the bottom of the triangular being
approximately .03 inches. These ribs are .085 inches in
25 height and come to a point having an occluded angle of
about 20 degrees. The base of the rib is spaced from the
base of the adjacent rib about .053 inches. 1In this area
between ribs there are openings 92 or holes in the plate.
These openings also extend the length or longitudinally of
30 the plate between each adjacent ribs. The openings have
a diameter of about .044 inches and are spaced on .0762
inch centers. The raised areas of the support members
used to produce the fabrics of the present in.vention



Generally, the fabrics of the present invention will ~ have an average
fiber ‘area coverage of from13%to 24% a 20 periodicity of from1.3 to

4, and an average anplitude of fromO0.02 to 0. 06. ~ Wile
the fabrics of the present invention have excellent durability,

t hey also surprisingly and 25 unexpectedly  have very _
desirabl e absor bent characteristics. Surprisingly, the fabrics of
t he present i nvention have relatively uni form absor bent
characteristics in that their pattern of -abs®rpti on has substantial l'y
a round shape. Al so the perinmeter of 30 absorption pattern is

rel ativel y smootfhouldyhaygsarheight of atyzkeasty .92 inchesi.c Bheindogtrtament
invention is depiikitdf should ile Ff¥st €abBout .04 inches to .08 inches and

- 10 - their top width must be less than or equal to the bottom
‘width. In the preferred embodiments of the support
5 members used in the present invention, the cross sectional
area is triangular so that the top width is in fact o.
The spacing between adjacent raised areas should be at
least .04 inches. The openings in the spacing between
adjacent areas should be from about 0.0l in. to 0.045 in.
10 in diameter, with the distance between openings being from
about 6_.03 to 0.1 in.

Following is a specific example of a method for
producing fabrics of the present invention.
15 '

XAMPLE I

Apparatus as depicted and described in regard to

Figure 2 is used to produce the fabric. A 2 1/2 oz/per

20 square yard fiber web of 100% cotton is prepared by taking
a 1l 1/2 ounce per square yard random web and laminating

it on top of a one ounce per square yard carded web. This
laminated web is placed on a support member as described

in conjunction with Figure 8. The support member and web

25 are passed, at a speed of -92 feet per minute, under
columnar jet streams produced from the orifices as
depicted in Figure 8. Three passes are made at a pressure

of 100 PSI and 9 passes are made at pressure of 800 PSI.

The orifices have a .007 inch diameter and there are

30 approximately 30 orifices per inch so that the energy
applied is approximately .8 horse power hours per pound.

The web is spaced from the orifices approximately .75
inches. After accomplishing this first processing, the



The absorbent pattern is produced using a test solution of .05%
Sandol an Rhodam ne Red Dye in water. An eye dropper is filled with
the test solution. One drop of solution is applied to the fabric
being tested. The eye 5 dropper delivers a drop which results in an
absor bent pattern of about one inch dianeter. The fabric is
supported in such a way that there is no contact between fabric and
any substrate which could influence the absorbent pattern. A
series of drops (at least ten on 10 each ¥ de of the fabric) are applied
and spaced far enough apart that one drop does not interfere with any-
adj acent Nelp is remeveshfiroystihen supphrt wembpewr andstupnedt overdso
appr oxi mat el y O%aﬁ.ef\iﬂémé%?oéﬂeé/esiﬁé b#bthe wﬁ%%es theagrﬁif'ﬂés

drop is expelled f,romthe er onto the fabric 15 sur.face
supported fabri d9tS-al Th&eF FEP eb'r wéth the reyergggdoweRai§splaced
To determ ne thandemdties swatdrt Ijetperalﬁmt edpeed ofSRDOAVES Sp&rf ﬁilﬁute.

b [ t d d ]
ppr opr i at & coniie, et it siibdrk Sdmcl 855 pHPEEY, Bnthr a8 SaRCRRE 20,
The r oundrfes addiddionad passss madf0hPahe Fhe webthe dried and

absor ption patt eiHe ¥ibe¥ PiEBABULT6h (¥ HDAdb (détedBined. THE +O5gESt
di aneter of the gattern The répandness fagtor 25 ., 1s determ ned by
Io

mul ti plying the 8%n 9f nthis web, igapproyimatedys ??‘bur e
by "pi" ti rres t ISanpdegt h @f t hehe webongaSé di sested sqgered. abé'dilﬁbent

pat terne o * etertatiod Jelfidte el miANIRE Cost BrEViGHELL "
described. . The mean roundness factor of. the absorbent .
pattern of this sample is approximately 0.6 and the mean
-form factor of the absorbent pattern of this sample is
approximately 0.72.

15
While the 's'uppdrt members used to produce the fabrics
described previously all have had longitudinally extending .
ribs it is not necessary that the ribs be longitudinally -
extended. Support members having horizontal ribs or
20 diagonal ribs or combinations of diagonal; horizontal,

and/or longitudinal ribs may be used to produce fabrics in
accordance with the present invention.

In Figure 9 there 'is shown another type of forming
25 plate that may be used to produce fabrics of the present -
invention. The member comprises a plate 94 having
diagonally disposed raised rib areas 95. The rib areas
are dlsposed in a herringbone pattern. The pattern is
made of slant:mg parallel lines in rows with adjacent rows .
30 forming a V or inverted V. Each rib has a triangular
shape cross-section with the apex 96 of the triangle
forming the upper surface of the member . Between parallel
rows of its areas at the base 97 of the triangle is a



30 factor of at least 0.6 and preferably fromabout 0.65 to 1.0.
The formfactor of the absorbent pattern; that is, t he
snoot hness of the perineter, is determ ned by nmeasuring the area of
the absorption pattern and the perimeter of the absorption pattern

The formfactor is equal to 4 tinmes "pi" tinmes the area of the ,
absorption 5 pattern divided by the perinmeter squared of the absorption
pattern. For a perfectly snmooth circle, the formfactor is 1. The
absorption pattern of the fabrics of the- 37 —present invention have a nean
formfactor of at least 0.7 and preferably fromabout 0.75 to 1.0. 10
By "mean" roundpgagalldtiyobfamspeninmgys’ 98rorfholes ektending through the

thickness of the plate.

5 Referring to . Figure 10 there is’' shown a
photomicrograph of a fabric according to the present
invention which was produced utilizing the support member

. depicted in Figure 9.

10 _ EXAMPLE 2
The fabric depicted in Figure 10 is prepared from a
2 1/3 oz. per sq. yd. fiber web of 100% cotton. The web
is pretreated by placing it on a 100 X 92 mesh bronze belt
and passing the web under columnar water jet streams at 92
15 feet/min. Three passes under the streams at 100 psig are
made followed by 9 passes at 800 psig. The jet streams
are produced from 0.007 in diameter orifices arranged in .
a line with 30 orifices per inch. The web to orifice
spacing is 0.75 inch. The pretreated web is taken from
20 the bronze belt and turned over and the surface of the
pretreated web exposed to the water jet streams placed on
a forming plate as depicted in Figure 9. The web and
forming plate are passed under the columnar jet streams as
described above at a speed of 90 ft/minute. One pass is
25 made at 600 psig and 7 passes at 1400 psig. The treated
web is removed from the forming plate and directed to
produce the fabric shown in Figure 10.

As seen in the photomicrograph the fabric 1000 has a

30 herring-bone pattern of three interconnected fiber arrays.
The first fiber array 101 comprises a plurality of fiber
segments. The second fiber array 102 is a band of twisted

and turned fiber segments with the band disposed



is neant the arithnetical average of at |east 15 measur enent s. 15

Figure 6 is a schematic cross-sectional view of appar atus which may be
used to produce fabrics of the present invention. The appar at us

i ncl udes a novabl e conveyer belt 55. Placed on top of this belt to
nove wth the belt is a topographically novel configured support 20
menber 56. The support nenber has a plurality of , l-ongi tudi nal |y
extendi ng raised triangul ar areas. Holes, or openi ngs extendi ng

t hrough the support nenber, are di spos®&d-bet ween triangul ar areas as

w1 be nore fullt\{ ussed in _conjunction with Figure 8.. The fiber

[SC
web 57 25 to b¥® ’l’?ﬁ%’t"’e{dadirjsy di Eﬁsgeade“iaﬁpor%d byet nParsdled; fiber
these triangul arsegments. Ot e rid) flilbers appayt 108Miar intercofnhécts sgrased

Ful Iy descr Eéhaﬁg#‘%?ﬁ%ﬁ Fona PRBGE yfrave and YAARE S Blakabitn oty ©

of this support Bighlyeemtangled fikenfsegments. The web may be a nonwoven

web of carded fibers, air-laid fibers, nelt blow fibers, or
the Iike. Above the fiper web is a mgnifold 58 for applying fluid
59, preferably water, I¥¥iR9 g e de8Grded the invention in “specific

detail, and an exemplified manner in which it may be
carried into practice, it will be readily apparent to
those skilled in the art that many variations;

10 appliqations, modifications, and extensions of the basic
principals involved may be made without departing from its
spirit or scope. .



- 12 - ——web—as—thefibrous web is supported on the support nmenber
and noved o t beneath the manifold. The wat er may
applied at \r/ulm“wﬂmgm”ﬂm Di sppsed beneat h the conveyer belt

a vacuum mani fold &0 Mors .5+

support nenber are passed under the fluid manifold. In operation,
fiber web is placed on the support nenber and the fiber web and
support nenber passed under the fluid manifold. Water is applied t
the fibers to wet out the fiber web to 16- 19 Be certain the web is not
renmoved or disrupted fromits position on the support menber on
further treatme®WHAL IS CIAEMEBIN{ES3r, the support nenber and web are pass
beneat h the manifold a series of times. During these passes, the

ressure of the water, of the manifold is,increased froma-15 starting
Bressure of about 100t+PSl A Honweven fabpicihaving a reppatingpattermief
mani f ol d consi stthrde aintiercdrinecteld fiber akrhiggs of fromabout 4 to 100
or nore holgs per inch. Preferably, the nunber of holes in the .
manifold is from 13 -~ to 70 per inch. 20 _ In this enbodine
there are about 12 |ongit wlifittst fiberiasraprcomphisingela plwedity of

triangul ar |ongigalinall '#fiser segmeé®¥s @ height of about
wi dth at the base -

10

15

20

25

30

a second fiber array adjacent to said first
fiber array, said second fiber array comprising a

be
is

removing water fromthe area as the web and

t he

(0]

ed

nt,

.085 i nches. The

plurality of twisted and turned fiber segments that form:

a band disposed substantially perpendicular to said
parallel fiber segments; and

a third fiber array interconnecting said first
and second fiber arrays, said third fiber array comprising
a plurality of highly entangled fiber segments;

said fabric having substantially uniform absorbent
characteristics in all directions within the plane of the
fabric. '

2. A nonwoven fabric according to Claim 1 wherein
the bands are continuous and extend the length of the
fabric.

3. A nonwoven fabric according to Claim 1 wherein
the bands are uniformly spaced from adjacent bands.

4. A nonwoven fabric comprising a plurality of
interconnected fiber segments, said fabric having
substantially uniform absorbent characteristics such that

. the pattern of absorption of a fluid on said fabric has a



of the triangular areas is about .030 inches. The 25 - distance

bet ween tri approxi mately .053 I nches. The holes in

t he supportﬂMﬂmEﬂm ,ﬂlam&ter of about .044 inches and are spaced
on .0762 inch centet . s =~ + After the web and support nenber are passed
under the mani fold a series of tinmes, the water is stopped and the 30
vacuum continued to assist in dewatering the web. The web I's then
renoved fromthe support nmenber and dried to produce a fabric as
described in conjunction with Figures = 201-through 3.

- 13 - In Figure 7, there is depicted an apparatus for

conti nuously priRRR| FRURGNRSS sTAGEQE RF RkcteaFE 0t Heand the guepthness

invention. The &fRaieiPerinritieds offt 8hianpattertlatas a meanC g6yRY €ackokt oB0
whi ch serves as éhg sugp&r.; menber in 5 accordance with the present

I nventi on. Tha* be¥e®Y s’ 7+ conti nuousl y nmoved in a counterclockw se
di rection about spaced apart nenbers as is well known in the art.

5 5. A nonwoven fabric according to Claim 4 wherein
the mean roundness factor of the pattern of absorption is
from 0.65 to 1.0.

6. A nonwoven fabric according to Claim 4 wherein
10 the mean form factor of the pattern of absorption is from
0.7 to 1.0.

7. A nonwoven fabric according to Claim 4 wherein

the pattern of absorption has a mean roundness factor of

15 from 0.65 to 1.0 and a mean form factor of from 0.7 to
l.o.

8. A nonwoven fabric having substantially uniform
absorbent characteristics and a generally sinusoidal fiber
20 distribution curve over its cross-sectional area such that
the average percentage of area of fiber coverage in a
cross—-section of the fabric times 1/2 the average number
of maximum and minimum fiber coverage points in a cycle
divided by the average amplitude of the fiber distribution

25 . curve is at least 600.

9. A nonwoven fabric according to claim 8 wherein
the average percentage of area of fiber coverage is from -
800 to 3300. ' ‘
30 .
10. A nonwoven fabric according to Claim 9 wherein
the average number of maximum co(rerage and. minimum
coverage points in a cycle is 4 or more.



Di sposed hi is a fluid feeding manifold connecting a

pl urahty?M s 81 of orifices. 10 Each group has one or
nore rows o hoI es with 30 or nore holes per inch. The
mani fold is equi pp s th pressure gauges 87 and control valves
88 for regul ating fI uid pressure in each line or group of
orifices. D sposed beneath each orifice |line or group is 15 a suction
menber 82 for renoving excess water and to keep the water from causing
undue fl ooding. The fiber web 83 to be21reated and forned into a
fabric of the present invention is fed to the support nmenber conveyer
bel t . Water is skkaydd nenwargn dfakmie opesexdimg 429 Chainng owhexe o
fibrous web to Pitfe W&ﬁem Vithfde (48 RO Affed dié@ributi&ﬁr@\'iﬂlré'{'g
the fibers as t ﬁyﬂﬁ SS u&oer the pressure mani f ol ds. A suction box 85
i s placed beneat P S.nozzle to renmove excess water. The

fi brous web passes under the fluid feeding manifold with the manifold
25 pr ef er@abl y havi prqg Y. e 0

exanpl o, the 1ot | e of RenaavE EaRELEMECoRI GRS Ve ©1a10%8 aving n. .
at 100 PSI whi | aYeRaFR ReNgantage @f fanea of flb%yc%'(mgefq’iu@ltflﬁ%%t at

a pressure of 3003¥Sl thed dVerage nuinséic |6f‘em9.fnl%!mf'£1‘i‘<§ R iR #ibéri d
forces at a 30 é)ressure of 700 PSI . h SIX | i nes of é)rlflces are :

shown, the nunbefOYIrads, QOIS iRt %fch Fl §s 4 omgiore and the;average
will depend on tamplitiide off shédvwebber htistributpmedunvee igr €xomr 6502 Sts!,
t he nunberupf r%@_f holes in



SR A A

- 14 - X each line, etc. After pass petvveen the fluid feed| ng

and suction manifolds, the formed fabric is passed over an addi ti onal
suction box 86 to renove excess water fromthe web. The support nenber
may be made fromrelatively rigid 5 material and nmay conprise a plurality
of slats. Each sl at extends across the width of the conveyer and has
alip on one side and a shoul der on the opposite side so that the
shoul der of one slot engages with the lip of an adjacent slot to allow
for novenent between adjacent slots and %022 allow for these relatively
rigid nmenbers to be used in the conveyer configuration shown in Figure
7. Each orifi cABSIRACREt | p conprises one or nore rows of very fine

di anet er ho f an i nch to 10/ 1000 of an
inch in dlaneter hqles er i nch across the
orifice. Fi Jie %E &N a 5 ct RAY % w H‘Pﬁﬂgeﬁypé‘wxéhﬁiﬁbrt

menber that rraycfmraseelristpcsducemé]ef&hbiechaef thwee difgeeent! fiber

invention.gThe [ [ [ Lnald.
spaced apart r aali%ig%I g“?%aésf 1&@4%%149&0&@&/ o &OOduéé)%g "{m él)ﬁer
: distribution in the fabric.

(figure 2)



pl ate has 12 of these raised rib areas per inch of w dth. The rai.sed

areas have a triangul ar cross-sectional shape with the wwdth at the
bottom of the triangul ar being approxi mately .03 inches. These ribs
are .085 inches in 25 hei ght and cone to a point having an occluded angle
of : about 20 degrees. The base of the rib is spaced fromthe

base of the adjacent rib about .053 inches. In this area bet ween ri bs
there are openings 92 or holes in the plate: These openings al so
extend the length or longitudinally of 30 the 'pl ate between each adj acent
ribs. The openings have a di anetet/Mf about .044 inches and are
spaced on .0762

~inch &7 ai sed ar ort
menber s used to NI RE-38 .

shoul d have a hei ght ofN
shoul d be from about '
nmust be |l ess than or e

enbodi ments of the sup

0

FlIe 1



5 nenbers used in the present invention, the cross sectional area
Is triangular so that the top width is in fact O. The spaci ng bet ween
adj acent raised areas should be at | east .04 inches. The openings in
t he spaci ng between adj acent areas should be fromabout 0.01 in. to
0.045 in. 10 in diameter, with the,gigtance between openi ngs being from
about 0.03 to 0.1 in. FolTow ng is a specific -exanple of a

met hod for produci ng fabrics of the present invention. 15

EXAMPLE | . Appar atus as depicted and described in regard to
Figure 2 is used to produce the fabric. A 2 1/2 oz/per 20 square yard

fi ber web of 100% cotton is prepared by taking a 1l 1/2 ounce per
square yard random web and | ami nati ng it on top of a one ounce per
square yard carded web. This | am nated web is placed on a support
menber as descri bed In conjunction with  Eigure 8. The support nenber
and web 25 are passed, At a speed of =~ Ffeet per mnute, under
columar jet streans prod gkyu[ gj(ﬁf-Q’g' | g s ~depicted in Figure
8. Three passes are nade,égy,' LIS AR IR and_9,passes are
made at pressure of 800 fFALN NVl di anet er
and there are 30 ap X RS N NH A so that the energy
applied is approxinatgzii SIS AT / Saoend. The web is-




inches. After acconplishing this first processing, the

- 16 - web is renoved fromthe support nenber and turned over so

that the opposite side of the web now faces the orifice jets. The
support nenber with the reversed web is placed under the water jets at
a speed of 4 yards per mnute. 5 T /q&eb and support nenber are passed
once at 600 PSI and - two additional” passes at 1500 PSI. The web is
dried and the fiber distribution of the web determ ned. The fi ber

di stribution index of this web is approxi mately 820. Sanpl es of t he
web are t est ed for absorbent 10 characteristics utilizing the
absorbency test previously described. .The nmean roundness factor of

t he absor bent pattern of this sanple is approximatel.y 0.6 and the nean
formfactor of the absorbent pattern of this sanple is approxi mat el y
0.72. 15 - : .

Fig 3



Wil e the support nenbers used to produce the fabrics . descri bed
previousty all have 'had | ongitudinally extending ribs it is not
necessary that the ribs be longitudinally - ext ended. Support nenbers
havi ng horizontal ribs or 20 di agonal ribs or conbinations of diagonal,
hori zontal , . and/or longitudinal ribs nmay be used to produce fabrics in
accordance with the present invention. In Flgure 9 there is
shown another type of forning 25 _ plate t4s ;sed to produce
fabrics of |the present i nventi on. The nember conprises a plate’
94 havi ng di agonal Iy disposed raised rib areas 95. The rib areas

are disposdd in a herringbone pattern. =~ The pattern is ' made of
slanting pdrallel lines in rows w th adjacent rows 30 forming a V or
inverted V. Each rib has a triangul ar shape cross-secfion with the

- apex 96 of jthe triangle form ng the upper surface of th¢ nenber.

Bet ween parnal | el rows of its areas.at the base 97 of th¢ triangle is a

Fle 3 A



- 17 - plurality of openingé 98 or hol es extending through the

t hi ckness of the plate. 5 Referring to Figure 10 there i's
shown a -+ photom crograph of a fabric according to the present _

i nvention which was produced utilizing the support nenber - depictedin
Fi gure 9. 10 _ /11EXANPLE 2 The fabric
depicted in Figure 10 is prepared.froaza 2 1/3 oz. per sq. yd. fiber

web of 100% cotton. The web - is pregtreated dy placing it on & 100 X 92
mesh bronze belt = and passing the ieb underiscol umarzwat er jef streans
at 92 15 feet/mn. € Three p&sses under the stTeans_at 100 psig are

made fol | owed by 9 passesat 800 psig. iThe jet Streams | are ptoduced
fromO0.007 in dianetegr orifices arranged in aline with 30 ofifices
per i nch. The welotdo orifice spaci pgni s 0.75 inch. The prefreated
web is taken from 20 t he bronze belt ggﬁ/;hrned over and the sufface’ of

t he pretreated web exposed to the er jet streans placed ohp ~a
form ng plate as Eépr:ted in Figure 9.‘\$: web and form ng plate é%e
passed under the columar jet streans i descri bed above at p speed-of

90 ft/mnute. One paps is 25 e at 6Q0 psig and 7 passes at [ L1400 psiqg.
The treated = "aq~““- <
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web is renoved from the formng plate and directed to produce the

fabric shown in-Figure 10. As seen in the photom crograph the
fabric 1000 has a 30 herring-bone pattern of three interconnected fiber
arrays. The first fiber array 101 conprises a plurality of fiber
segnents. The second fiber array 102i6§19 band of tw sted " and turned
fi ber segnments with the band di sposed "

- 18 - substantially perpendicular to the parallel fiber
segnments. The third fiber array 103 in interconnects the first and
second fiber arrays and co gl ed

prises a plurality of

hi ghly. entan
fiber segnents. T L R e
: 1 Al £ N

specific
detail, and an exei§

Frgs Che F09



carried into practice, it will be readily apparent to those skil-led
in . the art that nmany variations, 10 appl i cations, nodifications, and
extensi ons of the basic prlnCJpaIs i nvol ved nay be nmade mnthout
departlng fromits _spirit or scope.

<19 - VWHAT IS CLAI MED | S: 7 1. A nonwoven fabrlc havi ng
a repeating pattern of t hree inté@connected fiber arrays; 5
a first fiber array conprising a plurality of paral l el fiber segnents;
a second fiber array adjacent to said first .




10 | fiber array, said second fiber array conprising a

plurality of twisted and turned fiber segnents that form a band

di sposed substantially perpendicular to said paral l el fiber segnents;
and 15 athird fiber array interconnecting said first

and second fiber arrays, said third f@??i array conpri sing a plurality

of highly entangled fiber segnents; said fabric having
substantially uniform absorbent 20 characteristics in all directions

wi thin the plane of the fabric. 2. A nonwoven fabric

according to Caim1l1 wherein the bands are conti nuous and extend the

| ength of the 25 fabric. 3. A nonwoven fabric according to

CI aim 1l wher bands uni formy spaced #A#8m adj acent bands.
FMD?nfab conprising a plurality of _

|nterconn fi e ' 1 substantial ly

uni f orm absorbent ch hodja i} t he Q&an f absorption .

of a fluid da said fabric - ' 422 83
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- 20 - _ mean roundness factor of at |east 0.6 and the snoothness

of the perineter of said pattern has a nean formfactor of at | east
0.7. 5 5. A nonwoven fabric according to Caim4 wherein t he
mean roundness factor of the pattern of absorption is fromO0.65 to
1.0. ‘ 6. A nonwoven fabri c.@ﬁgordi ng Ao Claim4 wherein 10 t he
mean formfactor of the pattern of absorptionfs % 0.7 to 1.0.

7. A nonwoven fabric according to Claim4 d fat t ern of
absorption has a nean roundness factor of




15 fromO0.65 to 1.0 and a nean formfactor of fromO.7 to 1.0.

8. A nonwoven fabric having substantially uniform absor bent
characteristics and a generally sinusoidal fiber 20 di stribution curve
over its cross-sectional area such that t he average percentage of. area
of fiber coverage in a Cross- secthﬁznsf the fabric tinmes 1/2 the
“average nunber of maximim and m nj fiber coverage points jn a cycle
di vi ded by thé\average anplitude of the fiber distribution 25 curvefis at
| east 60 9. A nonwoven ffabric according to claim8 whefein

t he average perkent age of area of fiber coverage is from 800 to{3300.
30 1 A_nonwoven fabric according to Claim9 wherein t he
aver age {nunber maxi mum cover age an coverage points fn a
cycle iq 4 or *
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