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FIELD OF THE INVENTION

15 The present invention relates to a sheet material having a fibrous surface and to
a method for producing the same.

BACKGROUND OF THE INVENTION

Disposable, absorbent garments such as diapers and adult incontinence
. 20 products typically have a three-layer construction. The first layer, which is the']ayer
closest to the body of the wearer is a liquid permeable layer. The second layer,
located between the first and third layers, acts to absorb the liquids which flow |
through the first layer. Finally, the third or outer layer is liquid impervious to keep
 the liquids from exiting the garment.

25 Typically the outer layer or backsheet is compnsed of a thin, thermoplastic
film, such as polyethylene. While the backsheet performs the function of not
allowing liquids to exit a diaper, it lacks the aesthetic appeal of cloth. This cloth-like
appearance especially appeals to older children and wearers of adult incontinence

. products. Adults who wear these products do not wish to be perceived as wearing a

30 plastic looking "diaper." This rationale also applies to children as they become older.
These children also do not want to be perceived as a "baby" wearing a "diaper."
Furthermore, parents of children who wear diapers have consistently requested
products which are aesthetically neat and attractive.

Previously, when a clothlike appearance was desired, it was known in the art to

35 make a sheet material in a lamination process. U.S. Patent No. 4,828,556 to Braun
et al. discloses a breathable, multi-layered, cloth-like barrier to be used as an outer
cover for a disposable, absorbent garment. Braun teaches a breathable, i.e., one
which is pervious to water vapor, outer cover comprising a porous, meltblown,
nonwoven web; a second layer, which is a continuous film of polyvinyl alcohol; and a

40  third layer which comprises a porous, nonwoven web. - The third layer is formed by
spin bonding, melt bonding or laminating a spin bond to a melt bond, or vice versa.
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present i en{aljoﬁﬁéti s directed to a sheet material having a fibrous surface
and a_metlhod or producing that sheet material. The sheet material is '
manuf act ur ed by depositing a thernmally sensitive material onto a ‘

substrate and can be used in 10SUMMAR¥Y OPTHE INVENTION cl ot h-1ike
TR e hvent: on af The Sedt ratial st nc et iRt tias & oy sPft bt hady ™=
mat eri al havi subsaatei having = plirality ohiessentislly seraighedibers bondeddittepmealde,
absor bentzo projecting outwardly from the. substrate. - Fiber, as referred to throughout the
description of the invention and in the claims, is defined as that portion of the
structure starting at the point where the change in diameter/change in length is less
than 0.3 and continues until termination of the structure. '
The process of the present invention involves a screen roll process which
25 produces an array of flexible fibers having a distinctly cloth-like feel. The sheet
material of the invention may be manufactured according to a process comprising the
steps of heating a thermally sensitive material sufficiently to reduce its viscosity for
processing, and preferably to at least its melting point, depositing the thermally
sensitive material onto the substrate in discrete amounts, drawing the deposited
30 material outwafdly from the substrate to form a fiber, and terminating the fiber.
A similar process has been used to manufacture a mechanical fastening hook,
as disclosed in commonly assigned United States Patent No. 4,058,274 to Thomas et
.al. The patent discloses a modified Gravure printing process used to deposit discrete
. amounts of thermally sensitive material onto a substrate to create the hooks. The
35  hooks are printed on the substrate at a density of approximately 81 hooks per square
centimeter. The thermally sensitive materials employed in the 274 patent, polyamide
and polyester hot melt adhesives, produce rigid arrays of hooks having a distinctly

uncloth-like feel.

40 | - BRIEF DESCRIPTION OF THE DRAWINGS
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BRI EF DESg PTI ON OF THE DOBAYAWHRCGED DESCRIPTION OF THE INVENTION
The sheet of material of the present invention comprises a substrate 18 having
a plurality of flexible fibers 10, bonded to at least one surface of the substrate 18.
Each fiber 10 of the sheet may be joined to a substrate 18 in a predetermined pattern.
. Each of the fibers has a base 12 and a shank 14 as illustrated in FIG. 4. The bases 12
25  of the fibers 10 contact and are joined to the substrate 18 and support the fiber
shanks 14 which project outwardly from the substrate 18 and bases 12. The shanks
14 terminate at the distal end 16 of the fiber 10.
An array of fibers 10 may be provided on the surface of a paper or film by any
suitable apparatus and method, including methods which yield a free formed fiber 10
30  as described and claimed herein below. As used herein, the term "free formed"
means a structure which is not removed from a mold cavity or extrusion dye in solid
form or with a defined shape. The fibers 10 are deposited onto a substrate in a
molten, preferably liquid state, and solidify by cooling, preferably freezing, until rigid,
.into the desired structure and shape as described hereinafter. The free formed fiber
35 10 or array of fibers 10 may be produced by manufacturing processes which are
similar to those procésses commonly known as gravure printing and screen printing.
Using the screen printing process, a generally planar substrate 18 having opposed
- faces is passed between the nip 50 of two generally cylindrical rolls, a screen roll 52
and a backing roll 54, as illustrated in F1IG. 5. The rolls 52 and 54 have generally
40 parallel centerlines and are maintained in contacting relationship with the substrate
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Upon solidification of the fiber material, if desired, the fibers 10 may "then be
formed into a nonwoven matrix. For example, the fibers may be bonded together to
- the substrate by using pressure rolls or other methods commonly used in the industry
25 . to form nonwoven matrices. As used herein, the term "nonwoven" means that the
fibers 10 are not systematically woven. The fibers 10 instead are formed into a

FI G

random network.

The substrate 18 of the sheet material should be strohg enough to preclude
tearing or separating between the individual fibers 10, to provide a surface to which
30 the fibers 10 will readily adhere, and preferably to be capable of being joined to or
formed into an article of clothing. The substrate 18 should also be capable of being
rolled to support conventional manufacturing processes, be flexible so it may be bent
and flexed in a desired configuration, and be able to withstand the heat of the
. thermoplastic material being deposited thereon without melting or incurring
35 deleterious effects until the fibers solidify. The substrate 18 should also be availabie

in a variety of widths. '
 Suitable substrates 18 include knitted fabrics, woven materials, non-woven
materials, rubber, vinyl, particularly polyoleﬁnic films, and paper. Preferably, the
polyolefinic film is a polyethylemc film having a thickness of 0.5 to 1.5 mils. A
40 suitable polyethylene film is manufactured by Tredegar Film Products and marketed



formor with a defined shape. The fibers 10 are -deposited onto a substrate
in a nolten, preferably liquid state, and solidify by cooling,

pref er abl y WO until rigid, into the desired st rREXUSIS/09628
shape as descri bed hereinafter. The free fgrmed fi-ber 35 10 or array of
fibers 10 may be produced by manufacturing processes which are

simlar to those processes commonly known as gravure printing and screen

i nting. ) [ t he_scree inting process, a generally planar
Dbt 5% 18 i TS PoRhimoed b 5 B e sty s 1o
genelr ?' ly cyl :jlﬁdlhuﬁaﬂurdf ﬂilsb@sabla ﬁﬁbﬂﬁﬂtz QHenézwould be sﬁi’t‘ibl@fd?%@a@guﬁﬁrlakel ;Sgl
illustrated.i n
2Znt erlines anH’cg“ﬂlé:"gr%rﬂ'fs gﬁ‘es(?eftﬁ gosr‘l‘l'tﬁ@f" |pﬂb°“ls€P§'F$hg’ﬁ"§ fi E“\‘zﬁy ’f‘i’F“tﬁ?‘Fé“re %

substrate Tregeg&oFims Beoducts and sold in the trade as P5652.
PCT/ US95/ 09628

) . 5.,18
as it passes throu Tl!?e Pse 12 Oftg?)ﬁbef 19 3 theﬁen?rgpgf plagar portion of tge[fﬁ 40 yhigh
screen rol}9 hé?'sa“a‘:hed thzhs é\lh.,séfﬁt%@ ami. 18 |gOngHOUH) éllthetbe peakximaltendrof theoshanke
I i ber St LO Be gQ@Wtﬂeeﬁbe?ﬂ?yA% uggd gere§uﬁﬁttéﬁﬁ %as;hﬁfe:fggdg??to 1Bgl%§§herﬁ¥1e?r red

o as the backi v
screen roll IB gvrﬂ‘gbﬁst“? g'ﬁe"tt iFantagt, g{)gélﬂeesu%gtr%tﬁdﬁr@fi SFPJ@@C‘PEé%a'\kO\“I of the
52 as the s ubs fibart E0. 1B igoect hecestdry chagla d‘eil‘iﬂrdan@n b&appkident between theTlFﬁSé M2 lahy
t t ast | t
Sons 1 T A ) b e Lo B e «
trough (not5  the bastidaid thahthe bhser I2andtyseparatsiftony thersabstratenl 8 duringanted,
preferably 1o at | 988 Shpkr Ml fobiifint of the bAA 1 on Hiubstrdrd' 16 R GHCN R4 e

screen 56 as the screen. roll
doct or bl ade 6Maydhecamplifisd in qay ﬁiﬂwwns@wsromdmrmerestmumhmsgw t e used

screen 56 ont ohéreh, &hlé)$érﬁlat'i%oﬂp$|nt"nréf$}§ AT rp@ﬂlapﬁbﬁﬁétnarea é‘ the bg.(s)en tolnﬁtﬁlg s,

oL e, TS Rl B3, Al 5 o oo S 4 P
conmponent ,20  shoulldrper bé rap grehs; wafierwise the fibéri Ieay Be unitable tWienfsubjetted Qo
reaches a desi gqded GhflNto thidShorter side of the footprint. An aspect ratio of less than about
'1.5:1 is preferred and a generally circular footprint is more preferred. For the
embodiment described herein, a base 12 having a footprint of generally circular shape
and approximately 0.02 mm to about 0.32 mm (0.002 to 0.0125 inches) in dlameter
- 25 is suitable.

pJ

The fibers 10 of this invention range in length from about 0.15 to about 65 mm
long. Preferably, their lengths will be about 0.15 to about 0.5 mm.
The array of the fibers 10 -may be provided in any pattern, pitch and density as
desired. The pattern, pitch and density of the fibers 10 are primarily determined by
30 the mesh of the screen 56 of the screen roll 52. The screen roll screen 56 has a mesh -
which ranges from about 50 to 200, and in the preferred embodiment, from about
100 to 200. Also, as the diameters of the base 12 and the fiber 10 decrease or the
length of the fiber 10 increases, the cloth-like sheet becomes softer to the touch.
It is advantageous to dispose the array of fibers 10 in rows so that each fiber
35 10 is generally equally spaced from the adjacent fibers. Rows are generally oriented
in the machine direction and cross-machine direction according to the manufacturing
process described and claimed herein. Generally, each machine direction and cross-
machine direction row of fibers 10 will be equally spaced from the adjacent machine
direction and cross-machine direction rows of fibers 10, to provide a generally even
40 feel to the touch. Of course, those skilled in the art will recognize that a variety of
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to _ Because of the cloth-like nature of this sheet, the fibers 10 can be measured in

20 terms of denier. Denier, for the purposes of this invention, is defined as the weight,
in grams, per 9,000 meters of fiber. The fibers of this invention have a denier which
ranges from 0.20 to 6.0, and, in the preferred embodiment, from 0.5 to 1.5. The
denier of a fiber, which results from the method of this invention, is calculated by
measuring the diameter of the individual fiber, calculating the volume of a cylmder

25 V—I'Irzh) and multiplying the volume by the density of the material, in grams/cm
used to make the fibers. : :

The fibers 10 of this invention may be defined in terms of shear strength. They
will have a shear strength of less than 50 grams/square meter, and preferably a shear
strength of zero. A low shear strength is desirable because the wearer would not

30 enjoy wearing an article which would interconnect with the wearer's clothing or body
hair. Further, if the article were to have a high shear strength, the ﬁbers would be
more rigid and would not have a cloth-like feel.

As used: herein, the term "shear strength" refers to force required to initiate a

. sliding of the fibers relative to the loop portion of a hook and loop fastener. To test

35  the shear strength of these fibers, a sheet containing the fibers made by the method of
this invention was placed upon a sheet containing the loop portion of a hook and
loop fastener. The two sheets were then pulled in opposite parallel directions and
the force required to initiate a movement between the two sheets was then measured
as shear strength. '
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t he adj acent badnhairs, thus, creating a reasonably uncomfortable garment.
The thermally sensitive material should have a melting point low enough to
provide for easy processing and relatively high viscosity to provide a tacky and tough
30 consistency at temperatures near the material melting point, so that the fibers 10 may
be stretched and formed according to the method of manufacture recited herein. As
used herein, "thermally sensitive" refers to the property of a material which gradually
changes from the solid state to the liquid state upon the application of heat.
. Typically, the meiting point ranges from 85°C to 150°C. It is also important that the
35 fibers 10 be viscoelastic, to allow for more variation in the parameters affecting fiber
structure. As used herein, the phrase "viscoelastic" describes the mechanical
behavior of a material which exhibits viscous and delayed elastic response to stress in
addition to instantaneous elasticity. Material having a complex viscosity ranging
-from about 50 to about 130 Pascal-seconds at the temperature of application to the
40  substrate is suitable. -



direction and cross-machine direction rows of .fibers 10, to provide a
general ly even 40 feel to the touch. O course, those skilled in the art

will recHh?sss9%hat a variety of WO 96/ 06967 PCT/US95/09628
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deposition patterns may be used. The fiber pitch may range from about 2.0
fi bers per mmto about 8.0 fibers per nmand, in the preferred

embodi ment, about 6.1 fibers: ] i)er mm The density of the
fibers,  rfunber. ofh¢ fibensslOpare preferentiallyacemprised aftrethermeplastic materiatat hé al i s
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Fventi on natd BARIRTRONERE 4 S0aiaBR, 45 Bop Chepicalyatd, Easiien fhemit e
-preferred entespectiwely, fromO0.5 to 1.5. The denier of a fiber, which
results fromthe method of this invention, is calculated by measur i ng
t he di aneter of the indivi d_ual_ fiber, calcul ati ng t he vol une of a cylinder
25 (V=llr[err]h) and nmultipl ensity of the
materialzo i n grawRé emtiRlikd sheet describédabove, By Be inhufdcRRES according to the
process comprising the steps of depositing discrete amounts of heated, thermally
sensitive material onto a substrate which is transported relative to the selected means
for depositing the heated, thermally sensitive material. More particularly, the process
comprises the steps of providing a thermally sensitive material, as disclosed above,
25 and heating it to at least the melting point so that the heated, thermally sensitive
material is in a fluidic, flowable state. -
A substrate 18 is provided and transported relative to the means for depositing
52 this heated material. A means for depositing 52 discrete amounts of the heated,
thermally sensitive material is also provided. Discrete amounts of the heated,
30 thermally sensitive material are deposited onto the substrate 18 from the depositing
means 52. It will be apparent to one skilled in the art that the depositing means 52
for depositing discrete amount of thermally sensitive material may be transported and
the substrate 18 held stationary or, preferably, the substrate 18 transported and the
_depositing means held stationary, to provide the relative motion between the
35  substrate 18 and the depositing means 52.
The phrase "depositing means" refers to any apparatus which transfers liquid
thermally sensitive material from a bulk quantity to the substrate in discrete amounts
- corresponding to-individual fibers. The term "deposit" means to melt the thermally
sensitive material from the bulk form and to dose such material onto the substrate in

40  units corresponding to individual fibers.




"The fibers 10 of this invention may be defined in terns of shear strength.
They w Il have a shear strength of |ess than 50 grans/square neter,
.and pr ef er W 908G hear strength of zero. A |ow shear FCAEIFGVPI6RE
.desirabl e because the wearer -would not 30 g enj oy wearing an article which
~woul d i nterconnect with the wearer's clothing or body hai r. Further,

If the article were to have a hi gh shear strength the fibers vvould be
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the fiber 2010 vischelastieshep m;bgropgmegoﬁ\m(;hpmaﬂy sensitive matenal may provide for
lateral stretching of the material when a velocity differential exists. This lateral
stretching will result in a fiber 10 having a degree of curl which is dependent upon
. the velocity differential. When no velocity differential exists, the thermally sensitive
materials will experience only a horizontal stretching and no lateral stretching. Thus,
25 . a straight fiber 10 would result. This invention preferably employs no velocity
differential between the transported substrate 18 and the thermally sensitive material
- being deposited so that an essentially straight fiber 10 results. As used herein, the
phrase "essentially straight” means that the fiber does not include the hook portion of
the refastenable mechanical fastening system as taught in commonly assigned United
30  States Patent No. 5,180,534 to Thomas et al. This definition, however, does not
preclude the fiber from having a degree of curvature as found in other synthetic
fibers. The fiber may be curved, for example, and not by way of limitation, to such
.an extent that the internal angles between any two points on the fiber and a straight
_ line, which intersects the fiber at two points, are less than 70° and preferably less
35 than 50°. | ' :
' . In operation, the substrate 18 is transported in a first direction relative to the
depositing means 52. More particularly, the substrate 18 is transported through the
_nip 50, and preferentially drawn by a take-up roll (not shown). This provides a clean
area of substrate 18 for continuotis deposition of fibers 10 and removes the portions
40  of the substrate 18 having fibers 10 deposited thereon. The direction generally



the fibers 10 would not engage with the wearer's clothing or body hair.

Peel strength may be measured according to ASTM Test Method D903-49
entitled woee696t Stripping Strength of Adhesive Bonds." MGEU$984962%et hod
S incorporated herein by referencg as a nmethod of determning the
peel strength of the 20 present invention. As contrasted with
the fibers of the present invention, United States Patent No.

5,180,534 to Th t al., discl
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96/ 0696720 to 350 mm in an industrial setting. - Usually, the screen roll 52 will be rotated at
PCT/ US95/ 0962%out 6 to 100 rpm to provide a tangential surface velocity of about 1798%0 30,175
mm/sec. :
If desired, both the screen roll 52 and the backing roll 54 may be driven by an
_ external motive force (not shown), or one roll may be driven by external motive

25 . force and the second roll driven by frictional engagement with the first roll. An
alternating current electric motor having .an output of about 1,500 watts has been
found to provide adequate motive force. By rotating, the rolls 52 and 54 actuate a
depositing means for depositing heated, thermally sensitive material onto the
substrate 18 to form the fibers. - '

30 The depositing means should be able to accommodate the temperature of the
thermally sensitive material in the liquid state, provide substantially uniform pitch in
both the machine and cross-machine directions, and yield the desired density of fibers
10 within the array. Also, the depositing means is preferably adjustable to produce

_fibers having various diameters of the base and heights of the shank. The screen roll

35 52, specifically, provides for the depositing means to deposit the fibers on the
substrate 18 in the desired array, discussed above, (or other pattern) according to the
present manufacturing process. '

One suitable depositing means for depositing fiber material onto the substrate
18 is the print screen 56 of a screen roll 52. For the embodiment described herein, a
40  screen roll 52 having a mesh which produces about 2.0 to about 8.0 fibers per linear



5 The fibers 10 are preferentially conprised of a thernoplastic
material. The term"thernoplastic" refers to uncrosslinked pol yners
_of a ther N0 960686¢hsitive material which flows under tREI/BG§HSI096281L 1 on
of heat or pressure. Hot nelt adhesive 4 thernoplastics are well-suited
to manufacture the cloth-1ike fibers of t]he present I nventi on,
particularly in accordance with the process descri bed and cI ai med bel ow. 10
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liquid 25 one skilled in the art. This arrangement is often necessary if a polypropylene,
polyethylene or other polyolefinic substrate is used. '

The thermally sensitive material used to form the individual fibers 10 must be
kept in a supply tank which provides for the proper temperature to apply the fibers to
the substrate. - Typically, a temperature slightly above the melting point of the

30 material is desired. The material is considered to be at or above the "melting point”
if the material is partially or wholly in the liquid state.

If the temperature of the thermally sensitive is too hot, the thermally sensitive

. .material will flow into a small, somewhat semispherically shaped puddle and a fiber

. will not be drawn. - Conversely, if the source temperature is too low, the thermally

35 sensitive material may not transfer from the supply to the means for depositing 52 the
material or, subsequently, may not properly transfer from the depositing means 52 to

. the substrate in the desired array or pattern. Further, it may cause clogging and

- obstruction of the depositing means. The source of the material should also impart a
generally uniform cross-machine direction temperature profile to the material, be in

40 communication with the means for depositing the adhesive material onto the



thermal |y sensitive material froma bulk quantity to the substrate in

di screte anmounts corresponding to individual fibers. The term
"deposi t WOt 0 nelt the thermally sensitive nat &CGTASIPPWE t he
bulk formand to dose such material onto,4he substrate in 4 0 units
correspondi ng to individual fibers. WO 96/ 06967
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The doctor blade 62 and heated pressure bar 60 are held stationary as the screen roll

52 is rotated, allowing the doctor blade 62 to wipe the inside circumference of the

roll 52 to force the fiber material through the screen roll 52 onto the substrate 18.

25  This arrangement allows fiber material to be deposited from the screen roll 52 to the
substrate 18 in the desired array, according to the geometry of the screen 56 on the
circumference of the screen roll 52.. As seen in FIG. 5, the doctor blade 62 is
preferentially disposed perpendicularly to the inside surface of the screen roll 52.

After depositing fiber material from the screen 56 onto the substrate 18, the

30 rolls 52 and 54 continue rotation, in the directions indicated by the arrows of FIG: 5.
This results in a period of relative displacement between the transported substrate 18 |
and the screen 56 during which period (prior to severing), the fiber material bridges
the substrate 18 and screen roll 52. As relative displacement continues, the fiber

_ material is drawn until severing occurs and the fiber 10 is separated from the screen

15 56 of the screen roll 52. As used herein the term "draw" means to increase in linear
dimensions, at least a portion of which increase becomes substantially permanent for
the life of the sheet material. The length of the resulting fibers 10 will vary with the
application for the sheet material and the nature of the thermally sensitive material.

After being deposited onto the substrate 18, the fibers 10 may be severed from

40 the screen roll 52. If desired, severing may be accomplished as a separate, dedicated



25 a straight fiber 10 would result. This invention preferably enpl oys

no vel ocit differential between the transported substrate 18 and the
thernal | y ¥@3€¢Pe6V e materi al "bei ng deposited so that BAT/ESEAREI8, |y
"straight fiber 10 results. As used hereimsthe . phrase "essentially
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t he refastenabl e nechani cal fastening systemas taught in commonly assigned
United 30 St at es Eatent Ng 3.180, 534 to Thomaﬁ et al. Ehi s _def.i ni thi on,
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20 fiber to the substrate 18. ' : : '

Preferably, the wire 58 is electrically heated to prevent build-up of the molten
fiber material on the severing means 58 and to accommodate any cooling of the
fibers 10 which occurs between the time the fiber material leaves the heated source.

- The heating of the severing means 58 should also provide for uniform temperature.
25 distribution in the cross-machine direction, so that an array of fibers 10 having
substantially uniform geometry is produced.

Generally, as the fiber material temperature increases, a relatively cooler hot
wire temperature severing means 58 can be accommodated. Also, as the speed of
the substrate 18 is decreased, less frequent cooling of the hot wire 58 occurs as each

30 fiber is severed, making a relatively lower wattage hot wire more feasible at the same
temperatures. It should be recognized that as the temperatu'ré of the hot wire is
‘increased a fiber 10 having a generally shorter shank length will result. Conversely,
the shank length will be increased in inverse proportion as the temperature of the hot
wire 58 is decreased. It is not necessary that the severing means 58 actually contact

35 the fiber 10 for severing to occur. The fiber 10 may be severed by the radiant heat
emitted from the severing means 58.

For the embodiment described herein a round cross section nickel-chromium
wire, having a diameter of about 0.51 mm (0.02 inches) heated to a temperature of
about 343°C to about 416°C has been found suitable. It will be apparent that a



Wth continuing reference to FIG 5, the cloth-1ike sheet according to the
present invention may be manufactured using a screen roll printing process.
The WO IP47at e 18 may be passed through the nip 50 f®CTASS46®en t wo
j uxtaposed rolls, 15 a screen roll 524gnd a backing roll 54. The rolls
have substantially parallel nutual centerlines disposed generally
parallel to the plane of the substrate 18. Each of the rolls 52 and
54 is rotated about its respective centerline so that the rolls have

subst ant il | §ife Ss%fr%"%?ﬂffég%f KYSIGMEIAS S§Mmay be subsytued foryhe ket wige 58 he
screen roll Begcribed abowkl | have a di aneter of about 195 to 220 mmin

| abor at ory practice .but y..range up.20 to 0 in an industrial
setting. Usually; 'PHE‘PQEE;@e at gﬁl seg%uﬁ mea'ﬁesggfadggﬁs%ﬁ at a P“‘“&Bo‘ﬁﬁdb to
100 rpm t o paliowsistreschingnofithe fibér raterial ¢@ ovair peidt 1o the fibeold béing fevered3Af 175

T, B B B R O R

roll 54 may noth ve

rol | nmayl®e materigh will paks andrmeatihithe sevesing means candnaott be interseprgd riyl it, dri ven

by frictionaf DO Ndng/fideh 10 RehidH wiltnot Bk lpro y-sFac'ed fRInh B Sabchile 6417 T Nt
electric rmtgé havi g%éa OUt%glt q.f about. 1, 50 %?'t a has ,been f ound
to provide aBURgeat 0%t QROVESEY eIl the SeVSTng imegns p8 ds Aispesed oo Llpse4a the.t uat e
a depoplahé ofjthessabstrate i 8,0he severing gneans s hill trancate tHeyshasia $4 forveing
mat eri al ont Qnm'gsi}g'e substrate 18 to formthe fibers. 30 The

depositing neans's osut}'ﬂpbe able-to accommpdate the tenperature of the
t her mal 136 sensi t Avkotrwire s¢vering means: 58 idisppsedsappraximatelyyl 21@ nyabe 380 ma | y

Jield the decs &y 13 inchE plefteyiy SSURS Sl 070 RRnLH S tAmELL e Yilion 10
deposi ti ng niamdhe sipnainteappseximately 3.0 mm o 5 pmdQUSd to 0.374 inghge)yradinliy i ng
151100y s sor b Vgt shsuB ity 20k o achziagy 70, 2
on t hg mmy ﬁBZ?rt%t}eﬁl‘gd?%f f ?@ﬁléfe@“pt\“’é@ﬁyaﬁ'g%n&w&?&ﬁ§9€§8§B&9§!“3§ ot her
pat t er n)2caccpositiongd for the erocess of mgnufacame diseloseddetein.i ng process.
O £ 21 P s EARBk o SR A i R A
enmbodi ment  dpat of beedpiesessi which, forms the glosielike sheet. 5 Whenysenered, adiber Whiich
produces aboghgrudindlly dhided info tWd paeR] £bd3e"2/ahd 8 Wistal end 16 which remain with
. the cloth-like sheet and a moil (not shown) which remains with the screen roll 52 and
25 maybe recycled, as desired. After the fibers 10 are severed from the moil, the fibers
10 are allowed to solidify prior to contact of the fibers with other objects. After
solidification of the fibers 10, the substrate 18 may be wound into a roll for storage
as desired. o _ :
The substrate 18 may be transported through the nip 50 in the machine
30 direction at about 3 to about 31 meters per minute (10 to 100 feet per minute). The
substrate 18 is preferably drawn through the nip at a speed equal to the tangential
speed of the screen roll 52, producing little to no velocity differential. However,
with this invention, a velocity differential + 2% will acceptably produce the fibers of
_this invention. As the velocity differential decreases, the fiber 10 obtains an .
35 . orthogonal position in relation to the substrate 18. For that reason, the substrate 18
and the screen roll 52 preferably have no velocity differential and move at a 1:1 ratio.
One skilled in the art should consider the radius of curvature of the screen roll
52 and its relationship to the velocity differential and the angle between the substrate
18 and the plane of the nip 50. As the radius of the curvature of the screen roll 52

40  decreases, the moil and shank 14 of the fiber 10 being formed are drawn away from

-



WD 96/ 06967 - :
PCT/ US95/ 09628 11 5

mllimeter W@9%B®&6Ul . A screen roll 52 having a nesh whi ch pporusssioisom
about 4 fibers to about 7 fibers per é:’llirrete__r is preferred and a
screen roll having nesh whi ch producle about 6 fibers per mllinmeter
I's nost preferred. The screen roll 52 and backing roll 54
shoul d be conpressed, coincident with the pl ane connecting the

centerlinesSof the\&1bsiEated 8sut anrangleawhich iprthe vicinity ofthe sipy20 isrmorel@thogohal
cell's 56 in t hehedplaié of el nif nmoh fssh&ﬁ@moha&&hlﬁﬁ@é?q othlms,ﬁ\éalﬂﬁbé&iafdv‘aye“t
frictional n&ﬁ_@ godrl vfe he opposi n%
external |y dri VEAS pgﬁb\; manufactyredundercoadi @B&M{hlc\b age signilam except fori |
i s useful. The thendeiofg laget rﬁﬂxs&iszhﬁinbe screen rollSSE'E!‘ﬁlﬁt th Provile a%rlﬁﬁ F@{eﬁb

I t th r t.0 pr.ovi.de .cus he fi ber
Comml ' ant_ 58 5 e BB A Bl e
15  backihg r @lB¢d B mapufactyreathe shistra meansi fog imparting aSreoroe oNedtationeitixh is
hardness of abqujr orthogoné(lnﬁ N thah é‘dﬁhf (I‘@J Sﬁ‘ axis in any d'chtg)B%esﬁax? {Jh? d be

52 tenperature i s not al, howe Screen
heat e(rjrp to prev&Rstat F%ilaf "l?,‘-‘aﬁsﬁnlzoﬁ’f fh?em?qu]@r@ the @EﬂthﬁgﬂmMFSOfademded

deposition on tleemalpsenkieivematerialceneral |y, a screen roll 52 surface
tenperature near 2 desired, A screen

he t e .
roll 52 tenperat ur@"&? E%otgé‘?ﬁjaﬁlgeser%i"%{j?gwﬁ@ngg “b‘ge@ﬂséegm the substatedp)
One wi || rkBogend sevéred, thecshiebt carithemby subjected etwsarbontingt ceddgt‘@t fotineal8
[ d of er .
i ) L, C WA Y
backi ng rol 5h°wn&g>rﬁ%sam ufteaspnig rasvether weli-known dibek ibbhding itechnigeesar (The Thi s
arrangenment | S shéet ffatdHRL Aatetier bbhddd HAlNBBAGKRY W2y Shep be used RO 'f%fr?ﬁ DYOP Bfeef"

ot her ponoIeflnlc substrate. i s nsitrve

materi al used FBEWYRRM ‘P%’& eﬁﬂ?"\ﬁ“ﬁ@r adispesableabhsorhent aticle. kept in a
supply t ankho whi ch Nt;huugjeﬁ i pfelfélrl"ﬁ ﬂhﬁ@ﬂﬂﬁﬂeﬁfﬁf&@s ﬁt%oﬁﬁec?é?’%n{zn&?ﬁrgﬁ:ﬁ o | g
:)gi nt of :E h: g Lo ?Qﬁwﬂcﬁtﬁé‘&"ﬁ"%gmﬁ C%I‘ ‘EE'FE‘PE}erTéUthEFVBe at
or above the " thi$ intergonpnection, the sourcefoft the thatnwllyadensm\/epﬁﬁtehal Isyheatedrol ! Y
in the liquid #rifeFature which exceeds the melting point of the material and causes a reduction
in the viscosity of the material. The material becomes "h.mny“ and, as it is applied,
25  the distal end 16 of one fiber will become laterally connected in the machine direction
to the fiber 10 in the next row. .
Although this disclosure describes a substrate 18 which has a thermally
sensitive material coated on one side, those skilled in the art will recognize that the
same process can be used to provide substrate 18 which is coated on both sides with
30 athermally sensitive material.
~ Several variations of-the disclosed apparatus and method are feasible and
within the scope of the claimed invention. If desired, by providing a relatively strong
substrate and sufficient tension, the backing roll 54 of the apparatus of FIG. 5 may be
.omitted. Instead, as is well known to one skilled in the art, the substrate 18 may
35  wrap the print roll by the use of tracking rolls which produce an S-shaped arc about
the printing roll. In this configuration, there is no nip 50 as disclosed in FIG. 5, but,
rather, the tension of the substrate provides for deposition of the heated, thermally
sensitive material from the cells of the screen roll 52. However, one should
recognize that if this variant configuration is selected for the apparatus and means for
40  depositing the heated, thermally sensitive material onto the substrate 18, the



If the tenperature of the thermally sensitive.s too hot, the thermally

sensitive material will flowinto a small, sonewhat sem spherically
shaped pWOR6DMId a fi ber wi |l not be drawn. Conver pelrusosiostse
source tenperature is too |low, the ther ly 3'5 sensitive material may

not transfer fromthe supply to the neans for depositing 52 the

material or, subsequently, may not properly transfer fromthe depositing
means 52 to tge su stratﬂe,i n the desired array or pattern. Further,
it may ca%ses‘tqsgﬁtji-l Jnushgave suticighg densile. strepgthoto avRul tearingsandi tagnaimtamshe The
source of thensieh @edessary frpréper degositindTithetheated therffalle sisitive Watdr@l M
cross-machine direction tenperature profile to the material, be 1n 40
comuni cati-on with the nmeans for depositing the ‘adhesive material onto the
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substrate 18 andplgg]sqefiyb%%wrgﬁl'g‘ﬁs!t?ﬁ‘éeg nonlimiting cxamples of, the yarisus fhers, ol
becones 10  progugaddythe method of this inventips. supply is external |y heated by

known nmeans (not shown) to maintain the fiber material in aliquid
state and at the proper tenperature. !ge &r ferred - tenperature is
above the nelting point but bel ow t hat a signi-ficant loss of 10

Vi lslcog |2 as]'E i ci ty Referring.to FIG. 3,|the ﬁbrouﬁsheiet bngat.mt@cthé thetildd ofggi? Eﬂggmz&% eg n
t nver e  pressyre
:)?i nt sc(r)eenﬁy'asé b%eﬁ%@?‘%%r?fpfpg‘ %?15%?&6 it 8 fiRer gfnsﬁ% °? 2 -2 b per mim?.
st or age 15 oulg#eh(fiber haswbas of approximateln0.6¢ mynrand Gberafenteh ez;dgﬁ@tthlﬂn[mmﬁﬁ ur ;a.
b 60. P 3 : | | ensitiv
ar 0.3FTHhe SHES é{?%uc@@ rdor@e{ﬁ?l%gtq a&:Brd;ﬁhﬁElg.#e&i Q.g 5 etlé %{@T%I flgf i

material at its neltin I nt . ke _

sensitive mefaterigls used wers & ?%ﬁﬂ“hés Hlesybsirate and a &pv densitytpolyethylene-typesi de

surface of tdeeinSor eRNfibieps.| Sheh a HigerddIVoiid by uS&ISioh "agﬁudm&ﬁsf inaéngb.%e@ted

t hrough a . slq;[ no;1 ahé)vvn in,the bott?lm of the pressure bar 60 to
create an unzfrf"élﬁnw ere a fluild barner is desirable, such as the backsheet or cuffs of.a

' ' 20  disposable absorbent garment. ' -

EXAMPLE 2

A fibrous sheet produced by the method of this invention having a pitch of 6.1

fibers per mm also resulting in a fiber density of 37.2 fibers per mm?. Each fiber
25  having a base of approximately 0.04 mm and a fiber denier ranging from 0.2 to 0.3.

The fibers produced range in length approximately from 0.15 ;to 0.40 mm. The

substrate being a perforated film sheet and the fibers made using any suitable

thermoplastic olefinic resin, such as low density polyethylene. Such a material would

be used in absorbent articles where fluid permeability is desirable, such as a topsheet
30 oratissue.

It will be apparent to one skilled in the art that various other modifications and
combinations of the parameters described above may be utilized. For example,
multiple parameters may be adjusted, including different hot wire temperatures,

. different hot wire positions, ‘other velocity differentials, and different means for

35  depositing the heated, thermally sensitive material onto the transported substrate are

feasible. All such combinations and permutations are within the scope of the
following claims.
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‘portion of whi cpreferablehaindiedansi of4i kw62 fibéra bérysqnerermilliewterf aid t he

life of the e ial. The length of the resulting fibers 10 will vary
wth the te maé'b%?“iéﬁ ?)n for the sheet material and the nature of the
thermally sensitive material. After being deposited onto the

substraﬁe 1¥hefngﬁloﬁ'a9% ﬁ“éﬂnwrppﬁg%@és{%&é% {)]‘ge screen roll 52. If

desired, severing nmay be acconp di cat ed WO
06/ 06967  providing a screen roll, said screen roll juxtaposed with one surface of said substrate and

PCT/ US95/ 09628 adapted to rotate about its centerline, said centerlme being generally phfallel toxhe Step
the " °2ﬁ§2gblﬁge“t oo7Ed ol ot sAerale. RepRRCiooRb o, &1 NGB G pon
t he adj ust nent ditection;
providing a backing roll juxtaposed with the other surface of said substrate and having a
centerline generally parallel to said centerline of said screen roll;
applying said thermally sensitive polymeric material to the screen of said screen roll;
rotating said screen roll and said backing roll at a peripheral velocity differential of £2% |
wherein said substrate is transported through said nip; and _
depositing said discrete amounts of said heated, thermally sensitive, polymeric material
through said screen onto said substrate.

3.  The method as claimed in Claim 1 or Claim 2 characterized in that said substrate has a
melting point greater than the melting point of said thermally sensitive polymeric
material.

4. A sheet material having at least one fibrous surface exhibiting the appearance and
texture similar to a fibrous cloth comprising:
a substrate; and
an array of éssentially straight free formed fibers extending from at least one surface of
said surface, said array of fibers preferably having a density of 4 to 62 fibers per
square millimeter.
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the various paraneters, such as the angle between the substrate and the
deposi ting means, the velocity di fferentl al, the viscosity of the
heat ed, wb@sNsdéry sensitive : cel |, et cPCT/HSYPAIBat ed and
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knife, |a%&%0627i ng or other severing means 58 may be sub®CTUSIVW6IHr t he
hot wire 58 descri bed above. . It is inportant that the
severing neans 58 be di sposed at a position which all ows stretching

of the fiber material to occur prior to the fiber 10 being severed. |f
the severing neans 58 is di sposed togk%ar fromthe plane of the substrate
18, the fiber 10 material will pas nderneath the severing neans and not

be intercepted by it, formng a very long fiber 10 which will not be
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*The substrate 18 may be-transported through the nip 50 in the machi ne 30
direction at about 3 to about 31 neters per mnute (10 to 100 feet per
.mnute). ™@I/06967 substrate 18 is preferably drawn throughPGFES930p62&t a

“speed equal to the tangenti al speed of the screen roll 52, producing
little to no velocity differential. However, with this invention, a
velocity differential + 2% w || acceptably produce the fibers of this

invention. As the velocity differential decreases, the fiber 10 obtains an
35 ort hogonal position in relation t2ﬂ§he substrate 18. For that reason,
ro

the substrate 18 and the screen 52 preferably have no velocity
differenti al and nove at a 1:1 ratio. One skllled in the art
shoul d con/gy : : and its

[y
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bondi ng, pressure, ultrasonic or other well-known fiber bonding techni ques.

The %@ﬁgt mat eri al, whether bonded or unbonded, may then be used to
forma top ygo967 core wap, backsheet or cuff for a ‘#C"‘l‘%ﬁ?ﬁ%&s
absorbent article. 20 Al though it is preferred that the fibers 10
are not connected in any direction, the fibers 10 nay be

I nterconnected laterally in the machine direction. To achieve this

i nt erconnection, the source of the thermally sensitive nmaterial is heated
to a t enperature which exceeds the nelting point of the material and
causes a reduction in the visc@Bty of the material. The materi al
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“5 substrate 18 nust have sufficient tensile strength to avoid tearing and

to maintain the t ensi on necessary for proper deposition of the

. heat ed t havoBéM696Lensiti ve nateri al . PCT/US95/09628

" EXAMPLES Provi ded below are illustrative nonlimting exanples
of the various fibers 10 produced by the nethod of this invention.
EXAMPLE 1 ' Referring to FIG 3, the fibrous sheet produced by
the nethod of this invention has a pitch of 6.1 fibers per mm

resulting in a fiber density of 37.2 fibers per mmjerr]. 15 Each fi ber
has a base of approximately 0.04 nm and fiber denier ranging fromO0.2 to
0. 3. The fibers produced range in‘agygth approximately from0.15 to 0.40
mm The materi al s used were cast filmas the substrate and a | ow
density pol yet hyl ene-type ' resin for the fibers. Such a material
woul d be useful for applications in absorbent articles where a fluid
“barrier is desirable, such as the backsheet or cuffs of a 20 di sposabl e
absor bent garnent. EXAMPLE 2
A fibrous sheet produced by the nethod of this invention having a pitch of
6.1 fibers per nrmalso resulting in a fiber density of 37.2 fibers
per nmmerr]. Each fiber 2 5 havi ng a base of approxinmately 0.04 nm and a
fi ber denier ranging from0.2 to 0. 3. The fibers produced range in
| ength approximately fromO0.15 to 0.40 mm The substrate being a
perforated filn1sh?ﬁt and the fibers made using any suitable

i Hi

t her nopl asti c ol ef resin, such as low density f!yethylene. Such a
mat eri al woul d be™sed i n absorbent articfes where fluid perneability
is desirable, such as a topgheet 30 o] i Ssue. It will be

apparent to one skilled int art thatfvarious other nodifications and
conbi nations of the paraneters scri bghd above may be utilized. For

exanpl e, mul ti pl e paraneter y {pe adjusted, including different hot
W re tenperatures, di fferent hot [P positions, other velocity '
differentials, and different neans for 14

12

/18
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* 35 depositing the heated, thermally sensitive material onto the

transported substrate are feasible. Al such conbinations and

. pernut at i ¥@9#6867\i t hi n t he scope of the ' foll owi ng clRGTARS95/09628
17 What is claimed is: 1 A nmet hod for manufacturing a sheet materi al
havi ng at | east one surface exhi biting an appearance and texture '
simlar to fibrous cloth, said nethod conprising the steps:
heating a thermally sensitive polyneric material to at |east the nmelting
poi nt of said thermally sensitive polynmeric material so that
said thermally sensitive é? ynmeric material is flowable and can
be deposited on a substrate; ositing discrete anmounts of said
flowabl e thermally sensitive polyneric material onto a surface
of said substrate in an array having a density of about 4 to
about 62 deposits of said thermally sensitive material per
square mllineter; drawi ng said discrete deposits of said thermally
sensitive polyneric materi al fromsaid surface of said

i ght fibers
er square

substrate to forman array of
having a density of about 4
mllinmeter; and

0 about 62 fibers

60

52

Fig. 5
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termnating said fibers. 2. The method of Claim 1 wherein said array of

essentially straight fibers has a density of a (ToErs_pet
square mllinmeter to about- 49 fibers per square Ir#ﬁpﬁgﬁ,.m .TS*‘F%T
The method of Claim 1 wherein said substrate has a tdapgibdi REBORggt el
than said thermally sensitive polyneric materi A S Tire et fod
of Ckaim 1 further conprising the steps of: "providing a screen roll
having a screen of about 50 to 200 nesh!?said screen roll

j uxtaposed with one surface of said substrate and adapted to rotate

about its cen&/grl_i'ne_, said centerline being generally parallel to the plane
of U5 et r at e and general ly perpendicular to a substrate

transport di rection; provi di ng a backing roll juxtaposed

with the othey sulfageOFk rstﬁ%&fa%ﬂpﬁty'@tsﬁee?gﬁteldﬁé hg\fin% aalt Y‘eﬁ@\él\gguﬁa e

centerline general |y parallel to sald cente screen roll;

applying said t he‘?‘H%l"l"% BHPERAGE P piFG eimilag & figous slathesad methodof sai d

screen comprisihg the steps: :

18 heating a thermally sensitive polymeric material to at least the melting point of
said thermally sensitive polymeric material so that said thermally sensitive
polymeric material is flowable and can be deposited on a substrate;

depositing discrete amounts of said flowable thermally sensitive polymeric
material onto a surface of said substrate in an array having a density of
about 4 to about 62 deposits of said thermally sensitive material per
square millimeter;

drawing said discrete deposits of said thermally sensitive polymeric material
from said surface of said substrate to form an array of essentially straight
fibers having a density of about 4 to about 62 fibers per squaré
millimeter; and

terminating said fibers.

2. The method of Claim 1 wherein said array of essentially straight fibers has a

density of about 16 fibers per square millimeter to about 49 fibers per square
millimeter.

3.  The method of Claim 1 wherein said substrate has a melting point greater than
said thermally sensitive polymeric material.

4. The method of Claim 1 further comprising the steps of:

providing a screen roll having a screen of about SO to 200 mesh, said screen
roll juxtaposed with one surface of said substrate and adapted to rotate
about its centerline, said centerline being generally parallel to the plane of
said substrate and geﬁerally perpendicular to a substrate transport
direction; .

providing a backing roll juxtaposed with the other surface of said substrate and
having a centerline generally parallel to said centerline of said screen roll;

applying said thermally sensitive polymeric material to the screen of said screen
roll;

RN A



rotating said screen roll and said backing roll at a peripheral velocity
differential of about 2% wherein said substrate is transported through

said nip; and depositing said discrete amounts o

thermally sensitive, polynmneric material th o@@%’%’»ﬁﬁmsnm to
said substrate. 5. The nethod of Caim4 V\hereint gity
différential is about zero. 6. The net hod of )
screen has a nesh of 100 to 200. 7. The nethod of 0 ai '-J
thermally sensitive polyneric material i's a vrscoelastlctherrrally
sensitive materi al having a nelting point of about 85[err]C to
150[err] C I m 4 e sajnd vrs oel as thermal |y
sen[sr ti Le rraterr aﬁnﬁ &ewa)dscpéenqﬁ Fﬂd sw\%l éta;%/'(mﬁc'?t“a h ?npherat 5&?ﬁ‘é’é| ve or .

a pol yet hyl ene hot neﬁ‘ﬁe"ﬁﬂtl‘?é§?%°“t #3% whergig %‘m@s}ra& istragspartedviheobgh n sai d
fibers are drawn to asdienigidndof about 0. 15 to 65 mm 10 The met hod

of Caim1l wherei Ega%@o ¢ 11. The
method of daiml Qe hiq fs!u@E(sEre o u%tsdlg’;}%llglheme%QE&H\Tall)Pse%gtlYe émmnen(b cel
strength and a shear g‘?’r"@h‘d r?“%‘tsar' sceeep RAL0 819 SyPSHRRLS 1 12. The nethod of
Claimll wherein the sheet material exhibits a peel strength of about
0 g/inferr]. s13. ' h hdTh: (s a
top sheet, Corsé vvr-zr gﬁ?ﬂm m%gﬁ?(? h‘gg{&lhrtwgéfﬁh? raf %[Qc thy}s](gg%rgq%tl ¥ h%l sor bent
gar ment . .

6.  The method of Claim 4 wherein the screen has a mesh of 100 to 200.

7. The method of Claim 1 wherein said thermally sensitive polymeric material is a

viscoelastic thermally sensitive material having a melting point of about 85°C
to 150°C.

8. The method of Claim 7 wherein said viscoelastic thermally sensitive material is
an ethylene vinyl acetate hot melt adhesive or a polyethylene hot melt adhesive.

9.  The method of Claim 1 wherein said fibers are drawn to a length of about 0.15
to 65 mm.

10. The method of Claim 1 wherein said fibers have a denier of about 0.20 to 6.0.

11.  The method of Claim 1 wherein the sheet material exhibits a negligible peel
strength and a shear strength of less than 50 g/mz.

12.  The method of Claim 11 wherein the sheet material exhibits a peel strength of
about 0 gfmz.

13. The method of Claim 1 wherein said sheet material is a top sheet, core wrap,
backsheet or cuﬂ' for a disposable, absorbent garment.

14 A sheet material having at least one fibrous surface exhibiting the appearance
and texture similar to a fibrous cloth comprising:
a substrate; and

[



14. A sheet material having at |east one fibrous surface exhibiting the
appear ance and texture simlar to a fibrous cloth conprising.

; a
substrate; and : .

an array of essentially straight free forned fibers exte cﬁEr?L rE(%vrhE%gtS}FEe%rst
one surface of said substrate, said array of f{i g’s

density of about 4 to 62 fibers per square m |1 15

sheet material of Claim 14 wherein said array of essentially straight
fibers has a density of about 16 fi ber s per square mllineter to about
49 fibers per square mllineter. 16. The sheet material of Claim 14

wherein said essentially straight fihers are et hyl ene vinyl acetate

fibers or pol yet hyPRABE2Y Pgéﬁs@.“% y it?‘gq“ f’ﬁﬁ?‘%"ﬂ\?gtﬁbﬁ‘éte&%ﬂf‘g mcitAfast one

wherein sai d essenti al burfas¢ osaghsubstidde said array abfieers having 20dehSityt of abbutndn | ong.
" to 62 fibers per square millimeter. :

15. The sheet material of Claim 14 wherein said array of essentially straight fibers
has a density of about 16 fibers per square millimeter to about 49 fibers per

square millimeter.

16. The sheet material of Claim 14 wherein said essentially straight fibers are
ethylene vinyl acetate fibers or polyethylene fibers.

17. The sheet material of Claim 14 wherein said essentially straight fibers are about
0.15 to 65 mm long.

18. The sheet material of Claim 14 wherein said essentially straight fibers have a
denier of about 0.20 to 6.0.

19. The sheet material of Claim 14 wherein said sheet exhibits a shear strength of
less than 50 g/m2.

20. The sheet material of Claim 19 wherein said sheet exhibits a peel strength of
about 0 g/in2.

-
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