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@ A method and apparatus for the production of a fused nonwoven fabric.

@ A fused nonwoven fabric of thermoplastic fibers having

- a first surface and a second surface opposite the first sur-

face is produced by exposing at least one of the first and
second surfaces of the fabric to infrared radiation and con-
tacting at least one of the first and second surfaces of the
fabric with at least one heated roll having a temperature
sufficient to fuse together the fibers of the surface in contact
with the heated roll.
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Description

A Method and Apparatus for the Production of a Fused Non-
woven Fabric

The invention relates to a nonwoven fabrie, method and apparatus
for producing the nonwoven fabric.

In the laat twenty-five years or so the development of polymeric
materisls hag seen a tremendous growth, Polymeric materials lend themgelves
to 8 vast nuxber of usas and zpplications, One of the more significant areas
in which polymeric materixls hgye been nsed is in the textila industry. The
welt spinning of thermoplﬁsfic.synthetic materisls to produce cSntinuous
filements, staple and yzrns of such matarisls has revolutionized the textils
industry.

Although much of the growth in the use of synthaetic filaments has
bucn In tha use of knitted or wuven fabries, nomvoven iatarials of syﬁtbatic
filsments also have experienced, substant{al growth. Thers are & mmber of
zethods known today for producing noowoven fabrics from synthetic filmnents
and ndxturss of patural and synthetic filaweats, Neonvoven fabrics find a
varicty of uses, A &pecific axia in vhich ronvovea fabrics bava gsined
aceeptance 18 in the manufscture of carpsts, Since ponveven fabrics made of
gynthatle fiberg vasizt deterlorsticm causzd by wildew, synithetie nomwoven
fabrics are used for the backing materfsl In carpets end such carpsts rxa
eace1lsnt for uxe In areas expogsd to rmoilsture, such as patios sad other

cutdnor oresg,
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Nonwoven fabrics are uséd in many other areas as well, For example,
nonwoven fabrics both fused and unfused are used a8 substrates in the produc-
tion of'&érious laminates and as ticking material in the fﬁrniture industry. °
Although nonwovens are presently used in-a variety of applications as indicated
above, there is still 2 need to improve nonwoven fabrics especially with
regard to their dimeénsional stability and strength, .

Some of the nonwoven fabrics known in the ért are those produced by
needling fibers together employing at least one needle loom. The surface
first penetrated by the needles of the needle loom {8 often referred to as
the "face side"™ of the fabric and the "face side" of the fabric generally has
a much smoother surface as compared to the opposite side of the fabrie which
is generally referred to as tha "back side" of the fabrie. As used herein
the terms "face side" of the fabric and "back side" of the fabric are intended
to refer to the respective surfaces described above.

In a number of applications it is desirable for a needle punched
nonwoven fabric to have a substantial portion of the fibers forming the face
side of the fabric fused togethar and to have a substantigl p;rtion of the
fibers forming the back side of the fadbric wmfused s0 as to form a fuzsy or
nap-like surface, frequently referred to as a beard. Also it is desirabdble to
produce a nonwoven fabric with the face side essentially ?usgg gnd tha back
side essemtially unfused and having a "beard" which bas a lower elongation
and/or higher ultimate strength as compared to cqmparable prior art fabries.

It 1s an objsct of the present Invention to produca a nomwoven
fabrie.

Asother objact of the invention I8 to produce a fusad nonwoven
fabric with fmproved dimensional stabllify =nd strength s8 cempared to fused

ronoven fabrics koowvm in tha art.
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Another object of the present invention is to provide a fused
nonwoven fabric produced.from thermoplastic staple fibéra'having the fibers
in the back side of the fabric substantially unfused to form a "beard" and
having a higher ultimate strength and/or lower elongation in c0mpa¥ison to
other comparable nonwoven fabrics known in the art.

V Other objects, aspects and advantages of the invention will be
apparent after studying the specification, drawing and the appended claims.
Summary

According to the invention a fused nonwoven fabric of thermoplastic
fibers having a first surface and a second surface opposite the first surface
i8s produced by exposing at least one of the first and.second surfaces of the
fabric to Infrared radiation to the extent that a substantial.portion of the
fibers of the at least one surface is fused together and contacting at least
one of the first and second surfaces of the fabriec with at least one heated
roll having a temperature sufficient to fuse together at least a portion of
the fibers of the surface in contact with the heated roll. 1In one aspect of
applicant's invention a fused fabric of thermoplastic staple fibers 1is produced
having a lower elongation and/or a higher ultimate stremgth, particularly
wben ;pe back side of the fabric is unfused, as compared to comparable prior
art nonwoven.fabrics.

Further sccording to the invention apparatus is'provi&ed comprising,
infrared fusion means being suitable for exposing the fibers of at least one
aurface of a nonwoven fabric having a first surfsce and a second surface
opposite said first surface, and fusing teczethzr at least a portion of said
fibers; and at least cne heated roll belng suitable for contacting at least
one of esid first and second surfaczs of s=id f2bdbrie, and fusling together the

fibers of the surface in contasct with the heated roll.
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Brief Description of the Drawing

To further describe the invention the attached drawing fs provided
in whichs

FIGURE 1 is a top view of the schematic representation of an
embodiment of the apparatus of the invention including apparatus suitable for
producing an unfused nonwoven fabric; and b

FIGURE 2 is an elevational view of the apparatus of FIGURE l.

Detailed Description of the Invention

‘The present invention ig primgrily based upon the discovery that an
improved fused nonwoven fabriec 1s produced when an unfused fabrie 1s subjected
to fusion temperatures employing infrared radistion and at least one heated
roll, If the same unfused nonwoven fabrie 18 fused by subjecting the fabric
to fusion temperatures employlng only infrared radiation or only at least one
heat roll, then the fused fabric gemerally has a higher elongation and/or
lewer vltimate strength. Prior to the present invention it was known that
roll fusion of a fabriec primarily fused the surface of the fabric and that
the fibers on or near the fused surface were flattsmed which destroyed the-
fibers' cross section and weakened the fibers, Also prior to tha invention
it was known that infrared radiation of a fabric not only fused the fibers on
or near the surface exposad to the infrared radiation, but that infrared
r;diation fused fibers In the central portion of the fabrie and even fibers
on the surxrface opposite the surface exposed to the fnfrared radiation. It
wag known prior to the present iInvention that zn infrared fused fabric
gznarally had a Iower eloagzatica and/or a higher ultimate strength as comparad
to a comparable roll fused fabrie. Thus it was surprising to discover that a
febric exposed to Infrared radiaticm znd rell fussd genarally hzg a lover
elongation :nd/fox bighar'ulfirste strength ss comparad to a cc;parabla infrared

fuced or roll fused fabrie.

-
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In a preferred embodiment of the invention staple fibers positioned
on the back side of a fabric are substant#ally unfused and a substantial
portion of the staple fibers positioned on the face side of the fabric and
between the face side and the back aide of the fabric are fused. Imn order to
achieve a fabric described in the preferred embodiment, it was surprisingly
found that the combination of infrared fusion and roll fusion in accordance
with the present invention must be used in order to produce a fused fabric
with the highest ultimate strength and/or the lowest elongation possible.

While it 1s not essential except in the preferred embodiment of the
invention, it 18 gemerally desirable to expose the fabric to Infrared radiation
first and subsequently to contact the fabriec with a heated roll. When the
fabric is contacted with the heated roll, the fusion that takes place is
esgentially on the surface and the fibers on or near the surface are flattened
so that when that surface 18 subsequently subjected to Infrared radistion the
flattened flbers tead to reduce penetration of the Infrzred radiation.

Nonwoven fabrics sultable for use in the Invention can be almost
any wmfused ponwoven fabrics produced from the thermoplastic fibers, In the
preferred embodimgnts of the invention the thermoplastic fibers are staple
fibers and the nonwoven fabric is nsedle punched. Generally the nonwoven
fabric employed has a welght within the range of about 2 oz./yd2 to about 20
oz/ydz; howaver, the weight of the fabrig é:plcyad.is moTe ofteﬁ within the
range of about 2.5 oz/yd2 to about 4.5 oz/ydz.

In order to more fully understand the preszant iavention FIGURES 1
and 2 are provided which include apparatus In accordance with applicant's
invention and apparatus for producing a nopwoven fabrie suitzble for ura in
the Iaveation. Referring to‘FIGURES 1 and 2 a batt-foraing mesns 13 thovm -
comprisiag two web-forming traina A and A' 1n vhich fegé\mc%;éliO,lO' auch as

tsle breakers, blender tLoxas,

=8

c¢aed boxes, ete., feed fibers in the form of

staple, such as polypropylene staple, to cardiag machipes 12,12', The cacding

"1
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machines 12,12' produce carded webs 14,14' of fibers which are picked up by
the takeoff aprons 16,16' of croasiappers 20,20'. Crosslappers 20,20' also
comprise lapper aprons 18,18" which traverse a carrier means, such as floor .
apron 38, in a reciprocating motion laying the webs 14,14' to form a batt 36
on the floor apronm 38.

The carded webs 14,14' are laid on floor apron 38 to ﬁuild up
several thicknesses to producerbatt 36. The fibars formi;g batt 36 are
oriented primarily in the f£111 dfrection, that is, a direction perpendicular.
or nocrmal to the direction of movement of batt 36 positioned en floor apron 38.
Two web—~forming trains A and A' or more are used to increase the speed of the '
overall operation; however, one such web—forming train can be employed.

As used throughout the specification and claims, the term "fill
direction" weans the direction transverse to the direction of movement of
batt 36 on floor apron 38. The tarm "warp direction" means the direction
parallel to the direction of movement of batt 36 on floor zpron 38.

A first drafting means 40, comprising at least two sets of nip
rolls or an inlet apron 42 and one set of nip rolls 44, 18 used to draft
batt 36. Ae uvsed hereln the terms stretching, drzwing and draftiag are
synonymous, In FIGURES 1 and 2 the first drafting means comprises five sets

of nip rolls 44, 46, 48, 50 and 52 and inlet apron 42 and outlet apron 54,

Each set of rip rolla is shown a8 a one—over-two configuration, which works

very well, but 2lmost any arrangement can be used, such a8 a one—-over—one,
two—over—one, etc., as well as mixtures of nip roll configurations. The
drafted batt 56 then 1s paswed to neadle loow 58 wherain tha batt 1s sz=dled
at a density in the range of 100 to 1000 punch=zs paf sguare inch and at a
nezedle penstyation {a the range of frem about 1/4 “nch to sbout 2/4 Inch.
Cas or moare seaedle lecrs can:be us2d, Tha nzadla leons can ba elther single

neadle berrd or a double rneedle beard lcoms,
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The drafted, needled batt 60 is again drafted in the warp direction
by a second drafting means 62 comprising at least two sets of nip rélls 64
and 66 or an inlet apron and one sat of nip rolls (not shown). The needled
batt 68 which was drafted in the warp direction both before and after needling
is passed inder roll 70 to a third drafting means, such as tenter frama 72
which drafts needled batt 68 in the £1ll direction to produce batt 75, As
shown clearly in FIGURE 2, tenter frame 72 comprises a‘fill—drafting means 74
and a tensioning means 76. Tensioning means 76 is not used to draft batt 77,
but to subject batt 77 to tension in the f£ill direction.

Infrared heating means 80 and 82 are shown on opposite sides of the
unfused batt or fabric. Infrared heating means 82 i1s positioned to expose
the face side of fabric 77 to infrared radiation sufficient to fuse together
at least a portion of the fibers on the face side and Infrared beating mesns 80
is positioned to expose the back side of fabrie 77 to Infrared radiation
gufficient to fuse togethar at least a portion of the fibers on tha back
side. While only one infrared heating means is ghown on each side of fabric 77
two or more infrared heating means can be employed on ef{thar or both sides of
fabric 77 if desired.

Subsequent to tensioning means 76 mre two rolls 86 and 88 wharein
at least one of sald rolls is hested to a temperature sufficient to fuse
together a portion of the fibers of the surface of fabric 84. H5re than one
heated roll can be employed for either or both sides of the fabric, if desired;
howaver, it is generally sufflcient to position one roll which can be heated
to the desired- temperature onm the fsce slde of fabrie 24, such as roll 88,
and one roll which csn be heated éo the desired temparature on tha back side

of fabrie 84, such as roll 86,
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In an optional embodimént of the apparatus of the invention a
gsecond tensioning means 102 and associate& infrared fusion means 104 and 106
can be used in order to subject the fabric 84 to infrared radiation subsequént
to fusion of the fibers of the fabric with heated rolls; however, it i1s
emphasized that this additional equipment is optional and such equipment 1s
only needed when it is desired to fuse the fabric with ‘infrared radiation
after the fabric is roll fused., When infrared fusion means 104 and 106 are
employed, infrared fusion means 80 and 82 and tensioning section 76 generally
ara not required although tensioning means 76 18 recommended in order to
stabilize fabric 75 exiting drafting means 74. i

The fabric 90 exiting rolls 86 and 88 and tensioning means 102, if
fused, passes over idler rolls 90 and 94 and is rolled up over windup rolls 98
and 100, at least one of which 1s driven by a suitable power means {(not
gshown) to produce a roll of fused fabric 96.

Iﬁ the operation of the apparatus shown In FIGURES X and 2 symthetic
thermoplastic fiﬁets in the form of staple are passed from feed means 10,10°
to carding machines 12,12' to produce carded webs 14,14'. The carded webs
14,14" sre picked up by takeoff zproas 16,16' of crosslsppers 20,20°. Lapper
aprons 18,18' lay the carded wabs onrfloor apron 38 to produce batt 36. The
number of wsbs used to form batt 36 deﬁends upon a number of variables, such
as thé deslred weight of the batt, the weight of the webs, the amount the
batt is drafted during the process, etc. The batt 36 is then drafted iam the
warp direction by suitable meazns, such as the fiva satg of nip rolls 44, 46,
48, 50 zpd 52. Vhen using nlp rolls only two szts of nifp collsg zctuslly are
required to draft the batt; however, the tsa of more than twvo sats of nip
rolle, such 28 the five nip ?olls shown, provides a rove wiform drafting
since hetuzen any set of nip-rolls a smaller drsfefng rztdo e2a be usaod sad
sti11l ehtain the overall desired drafting ratfo. Tn addition, the batt is

1
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frequently drafted between the nip formed by the feed apron and the first set

of nip rolls 44, The batt 36 is drafted because each set of nip rolls is

operated at a successively higher speed than the speed of the preceding inlet

apron or set of nlp rolls. Generally it has been found that utilization of
more sets of nip rolls and smaller draft ratios between each set of nip rolls
produces a more uniform fabric than utilization of fewer sets of nip rolls
with higher draft ratios; however, at some point additional sets of nip rolls
with reduced draft ratios between each set of nip rolls will not improve the
product. In addition, there 1s & maximum speed at which ﬁhe batt at a given
weight can be produced due to the limftations of the batt-forming equipment.
Thus, as in almost any process, the most economical operation requires
consideration of a number of variables, and in particular the various parameters
of the material processed. For example, some of the varlables of the processed
material which affect the drafting/proceas are staple polymer, staple length
and denier, staple finish, degreze of crimp, weight of the batt, etec. Gener-
ally from about 2 to about 6 sets of nip rolls are utilized with an overall
draft ratio within a range of about 1.0l to about 4 and a maxiw=m draft ratio
between sets of nip rolls of 2, However, a very good product is produced
utilizing from about 3 to 5 sets of nip rolls with an overall draft ratio
within a range of about 1.2 to 1.8 and & maximmm draft ratio between sets of
nip rolls of 1.3.

The drafted batt 56 is then passed to needle loom 58 wharein the
batt 18 needled to mske a wore coherent msaterial. As stated above, one or
wore peedle looms can be used and in addition cach ne:dla loom can be a
double board needle loom. It is noted that the batt will exparience scaoe
drafting as it passes through the needla loom which must be tszksn iato conszid-
eration in determining the o%erating speeds of aquipzant positlonad zubsaquent

to tha needle loom, It 13 not uncormon to experienca dréfting at a ratio in .
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the range of from about 1.3 to about 2, employing one single board needle
loom or one double board needle loom. The larger drafting ratio:rin the
above range are normally experienced using a double needle board loom. k

The drafted, needle batt is again drafted‘in the warp direction in
a second drafting means 62, such as employing nip rolls 64-and 66, and
operating the speed of nip rolls 66 at a slightly higher speed than nip
rolle 64. The draft ratio employed in the second drafting zone—ie also
selected depending upon the material processed. Generally the draft ratio in
the second drafting zone is within a range of about 1.0l to about‘ 2; however,
a good product is produced utilizing a draft ratio within a range of about
1.3 to abo;t 1.5.

Readled batt 68 which has been drafted in the warp direction both
before and after needling Is them passed to a third drafting zone, Indicated
by tenter frame 72 which drafts the batt in the f111l direction through the
use of diverging tracks 73 vhich grasp the fabric at the inlet and draft the
febrie 28 the tracks slowly diverge fr&m one znother. The fiil-drafting
ratio depends upon & nusber of variables, such as staple length, denier, baﬁf
wéight, reedle density, ete. Generslly the fill-drafting ratio is within a
range of about 1.0l to about 1.5; howaver, a fill-draftidg ratfo within a
range of about 1.1 to about 1.3 produces a good product. In one aspact of
the invzntion tenter frame 72 eqntains a tensfoning m=2ang 76 which applies
tenslon to the fabric In at least the f£111 direction 78 while the fabric iIs
fusad when subjected to Infrared radiation.

After the fabric 8% passes through tansfoning meang 76 fabric &4 is
passad betwzen the nip of tvo rolls 86 and 88 which ara usad to ceontact
fabrile 84 with at le=st cas heated roll havicg a temperature sufficient to
fusa together at lezst a ;orficn of the fibers of the fibric In contack vith
the hested voll., The fussd fabriec then passes to the rollup section ag
TTevicrsly described unleas tha szcond tensfoning m=snz 102 4s taployad =lso

a3z py-viowaly dererilted.
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Synthetic thermoplastic staple in general can be used in accordance
with the present invention. For example, polyolefins such as polypropylene,
polyesters such as polyethylene terephthalate, polyamides such as polycapro-
lactam, and mixtures thereof are suitable, Particularly good results have
been obtained employing polypropylene staple. When polypropylene fibers are
used to produce the nonwoven fabrie the temperature of the fusion roll or
rolls employed is generally within a range of about 310°F (154°C) to about
340°F (171°C); however, temperatures within a range of about 320°F (160°C) to
about 330°F (165%C) are more common.

| The synthetlc staple suitable for use in applicant's inventfon can
be selected over a relatively wide range. Generally synthetic staple has a
length within a range of sbout 1-1/2 Inches (3.81 cm) to abouﬁ 10 inches
(25.4 cm). Good results can be obtained employing a stzple length within =&
range of about 2-1/2 inches (6.35 cm) to about & inches (10.2 em). Staple
denler can be selected from a wide range of denlers, Forzally the denier is
within a range of about 1 to about 20; however, denlers within a range of
about 1.5 to about 8 are mwore common.

Quartz heaters and foll-strip haaters hsave bzen used ss the Infrared
radiation source in accordance with the present invention; however, the
presgant invention is not limitaé'by the particular source used to subject the
fabriec to the infrared radiation. At the preéant time it appears that the
foil-strip hesters are praferred because they provide bettar control of the
fusion process,

Tn general, fadbries with a variety of widtha can be producad In
accordance with the present Javeutlon; hewever, tha igvantion is particularly
zpplicatle for the productio? of »ide, nonvoven febrlcs, that 1s, fabrics
trvizg & width within = rangé of 2bout 108 f-ches (274.3 vz} to 230 fack:s

(584.2 ).

BAD ORIGINAL




10

15

20

25

0091974

- 12 -
EXAMPLE

Five fused fabric gamples were made using the apparatus of FIGURES 1

fusing means 104 and 106 were not emplbyed. The samples produced in rums 1,
2 and 3 were control samples., The fabric of run 1 was fuéed ﬁuing infrared
radiation only and the fabrics of runs 2 and 3 were fused using Foll fusion
only. The fabrics of runs 4 and 5 were first fused with infrared radiation
and subsequently fused with a heated roll in accordance with the present
invention. All fabrics (runs 1 through 5) were produced with 4-denier poly-
propylene staple, 3-1/4 inches (8.25 cm) long and only thelfg;e gi&g of the
fabrics was exposed to Infrared radiation and/or & heated roll in oxder to
produce a fabric in which the fibers on the back si&q ;ara Bubgfgntially
uyfggg?. A1l fabrics weighed 3.1 oz/yd2 and were produced under essentially

the same conditions except for the fusion conditions. All fabries were 150

incheas (381 cm) wide except the fabric of run 2 which was 120 inches (304.8 cm)

wide. The infrared heaters exployed in runs 1, 4 and 5 were Lesco speed foil
heaters, model 2—224—A; manufactured by Joyal-Industries, Ine., Coventry,
R.,I. In rums 1, 4 and 5 the infrarsd heaters were stacksed and positionad
transverse with raspect to the dirsction of povement of the fabric. The
fusion conditions for each of the runs are provided in Table I balow:

Table I

Run No. 1 .2 3 4 © 5

Fusion Roll Tempera- . :
ture, *F Yot Used 320 325 330 325
(159.8°C) (162.6%C) (165.4*C) (182.6"C)

Xeaber of Infraxed

Eeaters 6 Yot Used Kot Used 4 4
Voltrga appli=d to
Tafyay.d Seatara 490 - - 440 - 450

T

‘and 2 except that the optional tensioning means 102 and the associated infrared
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The physical properties of the fabrics produced are provided in

Table II1 below.

Table II
Elongation(l) Ultimate 2 Tear 3)
: @ 10 1bs, in/3 in. Strength (1bs) Strength (1bs)
Run No.

1% Warp 0.2 72 24

F111 0.4 81 28 -
2 Warp 0.5 62 25

Fill 0.7 74 28
3 Warp 0.4 62 26

Fill 0.3 71 30
4 Warp 0.4 68 27

P11l 0.4 87 31
5 Warp 0.4 68 25

FiIl 0.3 92 30

(1) ASTH D 1117-74

(2) ASTM D 1117-74

(3) ASTH D 2263~75T

*The fabric produced in this rum had 2 substantial portion of
the fiberg on the back side of the fabric fused which reduced
the fuzziness or nap on the back side of the fabrie and the
uniformity of the fabric had a somewhat inferior appearance

and feel as compared to the other fabrics produced in the
other rums.

As clearly indicated im Table II the ultimate strangth of the
fabric of runs 4 and 5 was highar 38 compared to the fabries of rums 2 and 3.
The ultizate strength of the fabric of run 1 was higher thsn the fabrics of
runs 4 and 5 in the warp direction, but as noted sbove the fabric of run 1
did not have a substantislly unfused back side, The £i11 ultimate streogth
of runs 4 and 5 Is particularly noteworthy and {s the highest {a all fpstances.
It 18 pointed cut that the elongatioam values ware not exactly tha sasme iIn 211
rung; however, exca2pt for run 2, the slongation values azre consider=d compar-
sbla. It i3 normally &cceptéd that if elemgatfon 18 lower, wlifrste strength

ig lowar, thus tha ultimste streagth of the fabrie fa run 2 =ould bz even
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lower 1if the elongation values were lower, The tear strength values for the
fabrics of runs 4 and 5 as compared to the fabrics of runs 1, 2 and 3 are
somewhat improved, although the values for ultimate strength are general}y
considered more accurate for purposes of comparison.

The above runs clearly show that the fabrics of runs 4§ and.S which
were produced in accordance with the present invention provide l?wér elonga~
tions and/or higher ultimate strengths as compared to the prior art fabrics

produced in runs 1, 2 and 3.

‘"
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1 1. A method for the manufacture of a fused nonwoven fabric from

an unfused nonwoven fabrie of thermoplastic fibers, said un-

fused fabric having a first surface and a second surface oppo-

site said first surface, comprising, in combination, the steps

of:

exposing at least one of said first and second surfaces of

the unfused fabric to infrared radiation to the extent that

a substantial portion of the fibers forming said at least

one surface are fused together, and

10 contacting at least one of said first and second surfaces of
the unfused fabric with at least one heated roll having a
temperature sufficient to fuse together at least a portion of

the fibers forming the surface in contact with the heated roll.
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A method in accordance with claim 1 wherein the unfused
fabric is first exposed to infrared radiation and subse-

quently contacted with said at least one heated roll.

A method in accordance with claims 1 or 2 wherein only said
first surface is exposed to infrared radiation and said
first surface is exposed to the extent that a substantial
portion of the fibers forming the first surfaée or be-
tween said first surface and said .second surface are

fused together, and the fibers forming the second sur-

face remain substantially unfused.

A method in accordance with claims ‘1 to 3 wherein only the

first surface is contacted with the heated roll.

A method in accordance with claims 1 to 4 wherein the unfused
fabric is a needle punched nonwoven fabric of thermo-
plastic polypropylene staple fibers, and the first sur-

face is the face side of the unfused fabric and the se-

cond surface is the back side of the unfused fabric,

wherein the back side has a fuzzy surface and the fused
fabric has high ultimate strength in comparison to the
fabric's elongation as determined by ASTM D 1117-74.

A method in accordance with claims 1 to 5 wherein the weight
of the unfused fabric is within the range of about 2 oz/yd2
to about 20 oz/ydz.'

The method in accordance with claims 1 to 6 wherein the weight
of the unfused fabric is within the range of about 2.5
oz/yd2 to about 4.5 Oz/ydz.

A method in accordance with claim 1 wherein the unfused

nonwoven fabric is produced by

(a) forming a batt c¢omprising thermoplastic staple fibers
wherein said staple fibers are positioned primarily
in a first direction;

(b) passing said batt to a first drafting zone;
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1 {c) drafting said batt in said first drafting zone in a
second direction, said second direction being pri-
marily perpendicular to said first direction to pro-
duce a drafted batt;

5 (d) needling said drafted batt to produce a needled batt;

(e) drafting said needled batt in a second drafting zone
in said second direction; and

(f) then drafting said needled batt in a third drafting
zone in said first direction to produce an unfused

10 fabric.

9. A method in accordance with claim,8 wherein the fibers of
said unfused fabric are subjected to tension in at least
the first direction when the fibers of the unfused fabric

15 are fused together by infrared radiation.

10. A method in accordance with claim 1 wherein both sur-
faces of said unfused fabric are exposed to infrared radia-

tion and only one of said surfaces is contacted with at
20 least one heated roll.

11. A method in accordance with claim 1 wherein both sur-
faces of said unfused fabric are exposed to infrared
radiation and contacted with at least one heated roll.

2b

12. A method in accordance with claim 1 wherein one surface
of said unfused fabric is exposed to infrared radiation
and both surfaces are contacted with at least one heated
roll.

30
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13. Apparatus comprising:

infrared fusion means being suitable for exposing the thermoplastic
fibéfq of at leagt one surface of a nonwoven fabric having a first surface and
a second surface opposite saild first surface, and fusing fogether at least a
portion of said fibers; and

at least one heated roll being suitable for contacting at least one
of said first and éégond surfaces and fusiqg together the fibers dfrthe surface
in contact with the heated roll.

14, Apparatus éécording to claim 13 wherein sald infrared fusion
means is positioned to fuse together fibers of saild fabric priér to gaid at
least one heated roll.

"15.- Apparatus according to claim 14 wherein said infrared fusion
means 18 suitable for exposiné only said first surface of the fabric to in-
fr;red radiation to the extent that a substantial portion of thg fibers posi-
tioned on the first surface and between said first surface and sald second
surface 18 fused, and the fibers on the second surface remain substantially
unfused.

16. Apparatus according to claim 15 wherein:the at least one heated
roll is suitable for contacting only the first surface with the at least one
heated roll.

17. Apparatus according to claim 16 wherein the firét surface 18 the
face side of a nonwoven fabric producéd from the staple fibers and the éecond

surface 1s the back side of the fabric.
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18. Apparatus according to claim 13 further comprising

means for forming a batt of staple fibers wherein said fibers are
oriented primarily in a first direction;

carrier means for receiving said batt from said forming means and
transporting said batt of fibers in a second direction which is normal to said
first direction;

first drafting means for receiving said batt of fibers from said
carrier means and drafting said batt in sald second direction;

needling means for needling said drafted batt and producing a needled
batt;

second drafting means for drafting sald needled batt in said second

direction; and

third drafting means for drafting the needled, drafted batt in the
first direction;

end means for passing said batt drafted in said first direction to
said 1nfraf;ed fusion means and said at least one heated roll.

19. Apparatus in acecordance with claim 18 wherein the infrared
fuslon means and the third drafting means are positiocned relatiﬁb.to one

another so that the fabrie is expcsed to infrared radiation simultaneously with

being drafted in the first direction.
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