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This invention relates to formation of continuous fila 
mentary material into non-woven coherent pliable felt 

- like articles. V 
Felting of wool. and fur represents the oldest method 

of forming textile fabric. Conversion of continuous 
filaments into a coherent felt-like article cannot be ac 
complished by the usual felting process, which requires 
preliminary compaction or “hardening” followed by me 
chanical working with addition of heat and usually mois 
ture. Felting appears to be dependent upon interlacing 
and intertwining of the fiber lengths; hence, the recog 
nized unsuitability of continuous filaments for similar 
processing, although relatively i stiff and i brittle articles 
can be formed from batts of continuous filaments by 
bonding of the filaments, as by fusion or use of an ad 
hesive. 

It is also know that acrylonitrile polymer fibers do not 
felt well even in wool blends because of their stiffness. 
To prepare a good felt from acrylonitrile polymers or 
copolymers in blends with wool (50/50 or higher pro 
portions of acrylonitrile polymer fiber) it is necessary to 
treat the blends with about 10% aqueous sodium thio 
cyanate solution at about 90° C. before felting. 
One object of this invention is to provide a non-woven 

coherent pliable unbounded (i.e., unbounded and un 
adhered) felt-like article comprising predominantly syn 
thetic organic continuous filamentary material, said ar 
ticle being characterized by predominantly coplanar 
orientation of the filamentary components in superim 
posed layers with portions of some of the filamentary 
components from each layer oriented into at least one 
adjacent layer. 

: Another object of this invention is to. provide a non 
woven coherent pliable felt-like i article comprising re 
tractable predominantly synthetic organic continuous fila 
mentary material; also, the retracted article obtainable 
therefrom. 
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Another object of this invention is to provide processes n, 
for producing the above-described articles. 
* Other objects of this invention, together with means 
and methods for obtaining them, will be apparent from 
the following description and the accompanying dia- , , 
grams. M 
The felt-like articles of this invention resemble wool 

felts except for the different structure of the article and 
composition and character of the filamentary material. 

55 

60 

The structure may be distinguished by the presence of : 
superimposed layers of a preponderance of synthetic . 
organic continuous filamentary material, portions of which 
are oriented into at least one adjacent layer of filamen 
tary material, that is, portions of some of the filamentary 

2 
article. The felt-like articles of this invention are easily 
distinguished from felted products - containing thermo 
plastic fibers which have been bonded together by coat 
ing or impregnating with resins or heated until many of 
the filaments are fused together. In bonded articles of 
this sort the adhered fibers are not free to move relative 
to one another, and these resin-treated or heat-bonded 
products are stiff and undesirable for many applications 
where the strong pliable long-wearing felts of this in 
vention may be used to advantage. . . . 
The invention will be understood more readily by ref 

erence to the drawings. 
Figure 1 is a schematic representation of apparatus 

useful in this invention. . · 
Figure 2 is a fragmentary perspective view showing 

filamentary material arrangement when first assembled 
into a loose batt. · 

Figure 3 is a similar fragmentary i perspective view 
showing the appearance of the batt of Figure 2 after 
portions of some of the filamentary material have been 
forcibly oriented by needle-punching. The upper and 
lower (horizontal) surface areas of the needled batt of 
Figure 3 are slightly less than that of the loose batt of 
Figure 2, but the thickness of the batt of Figure 3 * is 
slightly greater than the thickness of the batt of Figure 2. 
Forcible i orientation of portions of the filamentary ma 
terial results in contraction of the surface areas normal 
to the direction of needling of the batt and a slight in 
crease in the thickness of the batt. 

Figure 4 shows the appearance of a batt comprising 
retractable predominantly synthetic organic continuous 
filamentary material after some of the filamentary ma 
terial has been first forcibly oriented by needle-punching 
and then treated to retract the filamentary material. The 
batt is substantially more compact than an unretracted 
batt, and the horizontal surface area of the needled, 
"retracted batt is less than that of the batt prior to re 
traction. The thickness of the batt is usually slightly 
greater than the thickness of the unretracted batt. 

Figure 5 shows a similar batt after forcible orientation 
of portions of some of the filamentary material, retrac 
tion and pressing. Pressing does not change substantially 
either the horizontal surface area or the batt strength. 

In the apparatus shown in Figure 1, movable belt 11 
supports filamentary material being processed according 

Superimposed layers of filamentary 
material i 12 are deposited on the belt by hand or me 
chanical means, as desired, for transport through needle 
loom 13 which reciprocates needles into and - out of the 
loose layered batt of filamentary material, forcibly orient 
ing portions of some of the filamentary components into 
at least one adjacent layer and preferably into a position 
substantially perpendicular to the faces of the batt. 
Needle-punching results in contraction of the surface 
areas of the batt normal to the direction of needling, 
and the needle-punched batt at . 14 is shown to have 
smaller surface area than that of the loose layered batt 
prior to needling. The needle-punched batt at 4 may be 
used without further treatment and is highly useful in a 
number of applications. A needle-punched batt of pre 
dominantly retractable filamentary material optionally 
may be passed through oven, 15 to further compact the 
batt and increase its density by retracting the filamentary 

- material. Retraction of the batt as by heating to suit 65 

material are oriented in the thickness direction of the 
felt-like article. The oriented filamentary material does 
riot detract. from the utility of the felt-like article but 
actually substantially reinforces the article and particu 
larly, so because the filamentary material is unfused and , ! 
unbonded and each filament... is free to move over ad , . 
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jacent filaments, thereby imparting great flexibility to the 

able temperature results in further reduction in the upper 
surface area of the batt, as shown at 16. s Optionally, 
also a retracted or unretracted needle-punched batt may 
be pressed by passing through rolls 17 which forward, the 
batt i to a collection point. Roll pressure, may be, ad 
justed to compress the strip to slightly reduced thickness, 
if desired. . . :::::::::::::::. . . . * . . . . . . :: 

In general, the objects of th 
: : ' ; "... ? 

esent invention are ac- i 
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complished by forming a loose layered batt of predom 
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inantly synthetic organic continuous filamentary material, * 
the layered batt having substantially parallel top and bot 
tom faces with predominant orientation of the component 
filamentary.material parallel to the faces of the batt, and 
forcibly orienting portions of some of the filamentary 
components into at least one adjacent layer of filamentary 
material, preferably into a position substantially per 
pendicular to the faces of the batt, to produce a coherent 
non-woven felt-like article of unbonded filamentary ma 
terial. The invention extends to exposure of such articles, 
in which at least part of the component filamentary ma 
terial is characterized by a capacity for retracting (that : 
is, shortening, as by crimping or shrinking, upon being 
heated or otherwise suitably treated), to conditions effec 
tive to retract the retractable filamentary material, where 
upon the batt becomes even more compact while remain 
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ing unbonded and felt-like. Thus, this invention contem- - 
plates as a principal product a non-woven coherent felt- o ro Y 20 filaments; a moving belt used as the collecting surface also : like article of unbonded filamentary material i containing 
a preponderance of synthetic organic continuous filamen 
tary material, in which portions of some of the filamen 
tary material are oriented in the thickness direction of the . 
batt. The phrase “predominantly synthetic organic con 
tinuous filamentary - material” as used herein refers to 
filamentary material more than 50% of which possesses 
essentially three properties, namely, it is synthetic, or 
ganic, and continuous in character. 

Coherent non-woven unbonded felt-like articles may be 
prepared in accordance- with this invention using all un 
retractable filaments but in accordance with a preferred 
embodiment part of the filamentary s material used has 
the ability to retract when properly treated, as with heat : 
or a swelling agent. - The retraction may result from a 
simple reduction in length (that is, shrinking) or from a 
distortion of the filament into an irregular shape as by 
crimping or curling or both. The retractability or degree 
of retraction refers to a free filament at the treating con 
ditions and is expressed conveniently as the percent de 
crease (based upon the original value) in shortest dis 
tance between two points on an individual filament; thus, 
when both shrinking and crimping occur, it is a summa 
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tion of the effect produced by diminution in length and - 
assumption of a more irregular path between the points 
of measurement. In some instances, it is desirable to 
prepare articles in accordance with this invention com 
posed entirely of retractable filaments. Materials not re 
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tractable under the conditions of treatment can be *** 
blended with retractable synthetic filamentary material 
or layered with it in order to achieve, special effects. 
Thus, glass filament which exhibits zero retractability 
and/or wool fibers which are essentially - not retractable 
may be blended with a predominant proportion of syn 
thetic organic continuous filaments. . . . . . . 

All synthetic organic continuous filamentary material 
can be utilized in this invention and, where it is desired to 
produce a retracted product, practically all synthetic poly- . 
meric filament-forming compositions can be manufactured * 

60 so as to have the necessary retractability. Hn addition to 
those exemplified hereinafter, these polymers include 
polyamides (e.g., polyhexamethylene adipamide, poly 
hexamethylene sebacamide, poly-epsilon-caproamide, and ... 
copolymers of these or other polyamides), polyesters 
(e.g., polyethylene terephthalate, polyethylene sebacate), 

50 : 

65 
polyesteramides, . polyureas, polyurethanes, i acrylonitrile : 
polymers (including copolymers of acrylonitrile, espe 
cially with other ethyienically unsaturated monomers, . . . 
such as vinyl chloride, vinyl acetate, methyl acrylate, and 
vinyl pyridine), vinyl polymers generally (e.g., polyvinyl - 
acetate, polyvinyl chloride, and polystyrene), polymerized 
fluoroolefins (e.g., polytetrafluoroethylene, polytrifluoro 
monochloroethylene, polyhexafluoropropylene), polymer. . . 
ized hydrocarbons (e.g., polyethylene) and halogenated * : St 
derivatives thereof, synthetic proteinaceous polymers, and 75 lel reciprocating needl 
”~~ - i..." ------ - - --Sº ". ... l. : -- ---- - - - - - - S -- E - Y -- v:- - 

70 

stiff felt. 

. The preferred method of achieving the required orienta: 
tion of filaments in the batt is needle-punching, which is 

* Such a loom has a large number of closely spaced paral 

cellulosics (including esters, ethers, regenerated cellulose, 
and similar derivatives of cellulose). Silk and casein may 
also be used in minor amounts. 

Continuous filamentary material useful in the present 
invention may be drawn off directly from a spinning (i.e., 
polymer extrusion) unit, usually as a bundle of identical 
filaments, or may be supplied from a package or other 
storage device for yarm. already, spun. 
components may be formed into a layered batt manually 
or mechanically by feeding them onto a collecting surface . 
where they accumulate in overlapping layers, the individ 
ual filamentary components in each layer being predomi 
nantly coplanar, lying parallel to the collecting surface 
and to the bottom and top of the batt so formed. Con 
veniently, the step of batt formation will be accomplished 
by mechanical means, such as forwarding jets, which may 
be operated to lay the filaments down at random or in 
some desired pattern. The collecting surface may be 
rotated or oscillated to promote even accumulation of the 
can convey the formed loose layered batt to the location 

The filamentary - 

where portions of some of the component filaments will - 
be oriented forcibly to a position substantially 'perpendic 
ular to the faces of the batt. . . . - : * I - - - - . " 

Depositing filaments with fluid jets permits formation 
of batts by elimination of blending procedures, and gen 
erally simplifies handling of starting materials. It also 
facilitates the use of continuous mono- or multifilaments, 

, or continuous lengths of spun staple yarns in the prepara 
tion of the batt. Heretofore, use of continuous filaments 
in felt structures has been confined to woven backings or 
cores. Synthetic filaments are initially produced as con 
tinuous filaments, and use in this form simplifies the 
manufacturing operation. - The use of continuous fila 
ments imparts added compactness and strength i to the 
product, which may range from a soft pliable to a hard 

Regardless of how the batt is formed, or the type of 
continuous filamentary material used (e.g., bulkedhi yarns, 
monofilament or multifilament yarns either twisted: or 
untwisted, rope, tow, thread, ribbon, i spun staple yarns, 
braid, etc.), the batt will ordinarily have been * built up 
gradually by superposition of a number of layers of ma 
terial. - The resulting batt consists initially of a loose, 
fluffy, mass in which filamentary components may be 
oriented in layers usually in planes parallel to the belt 
or other surface on which the batt is formed. . . . . . . . . . 
The linear azimuthal orientation of the layers of fila 

ments in any loose batt may be random or may be prer: 

muthal angle of between about 45° and 90°, to one an 
other and most preferably are oriented 90° from one an: 
other. Desirably, adjacent layers of filamentary compo; 
nents will have an average difference in - azimuthal linear 
orientation of at least 5°. For example, a batt having 
random orientation i will have an average difference of 
about 45° in azimuthal linear orientation between : ad 

These filamentary components will remain oriented: in 
layers more or less parallel to the faces of the final prod 

si . . ) 

uct unless some way is found to cause them to interlock 
between layers. A. surprising feature of the presentrin 
vention is the discovery that a coherent strong, pliable 
non-woven felt-like product having exceptional proper 
ties is obtained- even - when relatively small numbers of 
the filaments have been reoriented by needle-punching, so : 
that portions of the filaments are positioned in at least 
two layers of filaments. . - . " . . . -, -,: - -, . --. . . . . . 

conveniently accomplished in a conventional needle loom, 
catch o designed to 

determined to any azimuthal angle. Preferably, the fila 
mentary - components of adjacent layers : lie at an. 5 azi* 
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mentary material as the needles move into the batt. Rela 
tive movement between the batt and the needling loca 
tion may be either intermittent (while the needles are 
drawn clear of the batt) or continuous. To maintain the 
dimensional stability of the batt during needle-punching, 
it is usually advisable to feed simultaneously to the needle 
loom a supporting layer, for example, a layer such as a 
cheesecloth, a film, or a warp of the same fibers as in the 
batt. 2: The supporting layer may be readily stripped after 
the punching operation, or if of the same fiber composi 
tion, may be retained in the punched batt. This type of 
loom is well known for use in textile operations, so fur 
ther; description is unnecessary. Of course, other Suit 
able" means may be used for forcibly orienting filaments 
into the desired position; for example, the batt may be 
hand-punched with an instrument effective to orient one 
or more filaments from the surface toward the interior 

0 

of the batt, but such a procedure is quite tedious, of . 
COUSEC. - - - ... * 

Products formed by needle-punching loose batts accord 
ing to this invention have many of the desirable charac 
teristics of wool felts, despite structural dissimilarities ob 
servable upon close inspection. No difficulty is encoun 
tered in reaching and even exceeding in many cases cus 
tomary felt densities in these articles. They are readily 
distinguishable from non-wool felt-like products contain 

20 
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ing:thermoplastic filaments bonded by heat or adhesives 
to one... another, because of their superior pliability and 
higher split strength - compared with the relatively stiff 
nyielding: character and low split strength of bonded 

structures. . In temsile strength, the products of the pres 
ent invention compare very favorably with properties of 
conventional felts and felt-like products, including those 
made from synthetic staple fibers. * · 

- The; rather fuzzy. surface of the i product can be 
smoothed by pressing. A heated pressing surface may in 
duce retraction of surface filaments, but the temperature 
should be 3 maintained below the softening temperature 
of the fiber to prevent fusion. This added compacting 
treatmentº is not essential in the majority of uses, nor 
need the product be subjected to any equivalent of full 
ing. The initial conditions of batt i density and the in 
tensity: of treatment can be chosen to produce practically 
any:: desired density and coherence in the product with 
out necessity for any rubbing pretreatment or fulling after 
treatment. . . . . • . . . . . v * - * . 

3. The practice of this invention is exemplified below in 
some detail. In all the examples, physical characteristics 
of the articles mentioned were determined (unless other 
wise indicated) according to recognized felt testing meth 
ods of the American Society for Testing Materials, specif 
ically ASTM-D-461-53. . , - . 

. . . . . . . . . EXAMPLE I 
Polyethylene terephthalate is melt-spun from flakes by 

the process i described by Hebeler in Patent 2,604,689 
into: continuous filaments of 3 denier each. " A conven 
tionaltow-forwarding jet passes a bundle of 20 filaments 
through- an air, diffuser, which opens up the bundle, then 
onto a cylindrical roll. The roll is rotated slowly and 
the multifilament - yarn is traversed back and forth the 
width of the roll so that it winds in a helical configura 
tion and the filaments in adjacent layers cross at an angle 
of at least about 5°. After several minutes, the wind 
ing is, discontinued and the accumulation of yarn on the 
rell, is removed by cutting along the surface of the roll 
parallel to the rollaxis. This forms a layered non-woven 
ioose batt of filaments. Batti length is equivalent to the 
çircumference of the roll and width is about the same 
as the roll width, i: The batt is passed through a needle 
loom and needled alternately from the top and bottom º 
for a total of 16 times (8 times per face of the batt). 
Each páss through the loom results in 120 needle pene 
trations per square inch of batt surface, a total of 1920 
penetrâtions for the 16 passes. . As a result of the nee 
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6 
dling, the face of the batti contracts and the thickness in 
creases. Density (areal) of the felt is 32 oz./sq. yd. The 
product surfaces are quite smooth, showing only slight 
indentations produced by the needle-punching, and lack 
ing any visible recurrent pattern of orientation of the 
component filaments in azimuth. No needle-formed chan 
nels are apparent. The product has a high tensile strength 
but is pliable enough to be bent easily by hand about a 
sharp corner without noticeable separation of filaments. 

EXAMPLE III 
* Continuous multifilaments of crimpable polyethylene 
terephthalate retractable to the extent of at least about 
15% are produced by extrusion through a 34-hole spin 
neret and drawing by an air jet to approximately 3 denier 
per filament as disclosed by Hebeler in Patent 2,604,689. 
The filaments are blown apart by the jet and deposited 
unrelaxed in a perforated basket until the random as 
?emblage accumulates to a depth of 1.5 inches. The 
specific gravity of the batt-like mass is about : 0.01. 
Needle-punching the batt with a needle loom equipped 
with regular barbed needles (15 x 18 x 25 x 3%) re 
sults in 50 needle , penetrations per square inch of batt 
surface. After needle-punching once from the top of the 
batt, it is turned over and run through the needle , loom 
again to punch it from the other side to give a specific 
gravity of about 0.11. The article so produced is a co 
herent non-woven pliable felt-like product, suitable as a 
filter, of smaller face-surface area and slightly greater 
thickness than the batt prior to needling. W 

Immersion of the batt in boiling water for 2 minutes 
results in. further retraction of the filaments and reduc 
tion of the area of the batt by about 25%, producing 
an even more compact felt-like mass. Upon "tensile test 
ing (Instron) of a 2-inch strip of the retracted product, a 
force of about 40 pounds is required to break it, cor 
responding to about 265 lbs. /sq. in., at breaking elonga 
tion of slightly over 100%. The same force is necessary 
to break a similar strip. taken transversely to the one 
just tested. This article is particularly useful as a filter 
for liquids. : · * * * . - 

In the following examples the batts were prepared 
from continuous multifilaments collected onto a moving 
belt in overlapping layers in each of which the filaments 
were oriented at: 45° to the direction of belt movement, 
being oriented at a right angle to one another in alter 
ñate i layers. This can be açcomplished by means of de 
livery jets oscillating diagonally to the belt; however, 
the apparatus actually used comprised a rotating hollow: 
shaft through which the yarn was passed and delivered 
onto two vertical screws that supported the yarn in an : 
elongated oval and then dropped it on the belt, being the 
apparatus shown in Figure 10 of a patent application 
filed by D. S. Adams and J. F. Bowling on September 
10, 1954, as Serial No. 455,192, and described in their 
specification. . . . . . - - . . . . . . . . . 

M EXAMPLE III 

A batti 30 inches wide is constructed from 400 denier, 
60, filament yarn composed of polytetrafluoroethylene on 
a moving belt with the filaments in alternate. layers. 
oriented at a linear azimuthal angle of about 90° along 
diagonals of the belt as just described. - The batt; is. 
punched i twice on a standard plate-type ... needle loom . 
(Hunter : Machine: Company) using regular : barbed 
needles I (15 x 18 x 25 x 3 % ) so that the batt receives: 
120 penetrations : per square inch , during - each pass 
through the loom. The batt is folded double and 
punched 5 additional times under the same conditions, 
alternately from is each side. The batt i then is doubled 
again, and punched : an additional 15 times, alternately 
from each side, with the same punching frequency as 
before. :::* The batt, contracted about i 13% during the 
needling and was converted to a felt-like product" weigh-. 
ing 7.3 lbs/sq. tyd. which is useful as, a filter for liquids, 
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especially corrosive fluids to which ordinary filter, cloths, 
are not resistant. . . . . . . . . . . . . 3 - - - . ::: - 
3. Duplication of the above procedure with highly: drawni 
(7 times) polytetrafluoroethylene filaments produces a: 
similar felt-like article that can be compacted further, 
by heating to a temperature of about 300° C., to pro-, 
duce a retracted but still unbonded pliable felt-like article. 
This product is particularly useful as a filter or as a seal 
ing gasket. l · · : , . :: 

EXAMPLE IV. 
. A batt of continuous nylon (polyhexamethylene adipa 

mide) multifilament of 840 total denier, and 140 fila 
ments with i layer orientation as in Example III is 
punched 3 times from the same side to give a total nee 

5. 
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dling frequency of 90 penetrations per square inch. The - - 
needled batt is plied 3 times and punched once from 
each - side at a needling frequency of 120 penetrations per 

- square inch during each pass. The 3-ply structure is then 
tripled again to a total thickness of 9. plies and punched 
10 - additional times, alternately from each side at a 
needling frequency of 120 penetrations per square inch 
during each pass. A coherent felt-like article useful as 
a polishing felt for glass results, having a density slightly 
in excess of the values for an SAE, F-1 wool felt and 
a retracted needle-punched synthetic staple felt but with 
strength greatly superior to both, as indicated in the 
following table. The nylon felt is hard and relatively 
stiff. v |- --. . 

Table I 
Strength 

- || weight | - 
Fet Density || (b.f sq. . :' : ' | Tensie i 

(g.?cc.) yd.) Split (lb./in. 
(b. 72 in. I of width 
width) || per lb./ 

sq. yd.) – 

Example IV----------------- . 43 || ... 7.6 48 || 190 
Polyethylene i terephthalate || . V 
retracted.------------------- 37 6. 4 45 * 99. 3 

SAE F-1 wool-------- ------ . 34 7. 6 33. || . 31, 3 
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i Tensile strength was measured according to A.S.T.M. procedures : 
and the data adjusted to account for differences in density, etc., in order 
to provide an accurate comparison between felts. . ' *.. : - , 

* Table. I shows that under comparable conditions ar 
ticles produced from continuous filaments according to 
the present invention have properties superior to wool 
felts - or i synthetic felt-like articles formed from needle 
punched staple batts (even though retracted). 

EXAMPLE V *- 
Following the procedure of the above two examples, 

a batt with linear azimuthal orientation of the filaments 
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8 
abrasion resistance, as by decreasing molecular: orienta-: 
tion of the filaments. . . . . . . . . . . . W* * * * * . The compactness and strength of the products of this: 
invention are not dependent upon interfiber, adhesion or; . 
softéning and partial fusion. In fact, such fusionisiuni: 
desirable because . of its àdverse effect upon physical 
characteristics of the - product. For light-weight i mates: 
rials where a high initial degree of interlocking is: de 
sired, the starting material itself may be crimped, a dis 
tortion usually not lost, and occasionally evenienhanced; 
by the subsequent retraction by treatment with heatrof: - 
a swelling agent. The original degree . of molecular 
orientation, usually largely the result of. drawing, may - 
be adjusted for a given use, with due regard to the dë 
sired resulting fiber elongation and tenacity and thein 
fluence of draw ratio upon retractability of the particu 
lar synthetic filamentary material used. . . . . . :::::::::: ::::: 

Felt-like materials of substantially... any i desired: char?. 
acteristics may be formed according to this invention: 
Thus, rather than the type of product determining utility, 
as so often happens, here the products of the invention . 
may be made so as to fill a wide variety of uses for non 
woven materials. These felt-like materials may be man 
ufactured in suitable form for use as wet and dry, felts; 
filter i media, carpets and their underliners, -insulation, 
sound absorbents, e chemical-resistant - work clothes, and - 
many other industrial and apparel uses. The transverse 
and longitudinal properties may be made practically 
identical by blending or layering, or wide differences be- i 
tween them may be secured by sufficient orientation of 
the starting filaments or fibers. The shape of the prod 
uct may be determined by placing the batti against - or 
around a fixed form so that the batt assumes the : con 
figuration of the form during retraction, and i pressing 
may be used to improve shape correspondence in this 
process modification. - . . . . . . . . " 
Any synthetic organic continuous filamentary ma 

terial is suitable for use in the practice of this inven 
tion. By “continuous,” as used herein, is meant. any 
length greater than about eight inches. Preferably, con 
tinuous filaments having an average length greater than 
about eight inches. are i employed because needling of a 
loose batt of predominantly synthetic organic filamentary 
material having an average length of at least about eight 
inches results in contraction of the batt, thereby: produc-, 
ing a strong coherent felt-like product without recourse 
to retracting the batt. - Thus, merely needle-punching 

50. 

of about 90° difference between layers is constructed . . 
from high-tenacity rayon yar?n (“Super Cordura”); hav 
ing a total denier of 1650, with 720 filaments. - With 

55 

the needle , loam and barbed needles of Example III this i - 
batt is punched three times from one side at a needling 
frequency of 30 penetrations per square inch during each 
pass. The batt is tripled by laying up three plies and 
punched for an additional : 8 passes, alternately from 
each side, receiving i 120 penetrations per square inch 
during each pass. The batt i contracted about 12% dur 
ing the needling. resulting in a felt-like article weighing 
18 oz./sq. yd., and useful as a reinforcement for rubber 
in conveyor belts. - W : - - * The expensive and time-consuming steps of hardening 
and fulling wool fibers are completely eliminated by this 
invention, and the retraction i step required to render 
staple batts felt-like is rendered unnecessary. The steps 
of crimping synthetic staple and carding synthetic staple. 
or wool also are i obviated. Retraction is an i optional 
final step in the practice of the present invention; with 
some ?i materials * (e.g., nylon) retraction i treatment ad 
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a loose batt of continuous filamentary material in jac--; 
cordance with this invention without chemical or heat 
treatment decreases the surface area of the battas con 
trasted with an increase in surface area when: a loose 
batt of conventional staple fibers is needle-punched. If 
desired, blends with animal, vegetable, or mineral con 
tinuous filamentary material may be employed although 
it is, preferred to utilize , synthetic organic 
filaments alone. Of course, more than one kind of fiila 
ment may be blended or layered together. It will be 
appreciated that needling of a batt of continuous -fila 
ments will result in breaking of some filaments and that 
the product produced may contain a considerable "numº 
ber of broken filaments depending upon the amoun 
needling: In all cases, however, the product will i con 

- tain predominantly continuous filaments, and these: fila 
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ments will be synthetic and organic in character. . . 
Most synthetic organic continuous i filaments èan be 

produced in retractable form for use according to a pre 

after needling. As suggested, the retraction treatment 
may consist of heating by various means, as by applica 
tion of water, oil, steâm, air or other fluid which is relå i tively inert with respect to the particular filamèntary: ma - - 
terial or it may involve exposure. of the material ito: a 
swelling agent in : addition tö.or.i? place of therheat 

veršely affects desirable characteristics of toughness and 75 treatment. A combination of chemical and physical 
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treatments may be used, mild acid and alkali baths being 
examples of what often may be acceptable chemical 
treatments. Any method of shortening the end-to-end 
length of the filamentary material without too adversely 
affecting filament properties and fibrous structure is ac 
ceptable. If the filaments are to be retracted in a liquid 
bath, instead of by heating, a conveyor belt may be ar 
ranged to carry the batt through a tank where the fila 
ments are submerged in or sprayed with the retraction-in 
ducing liquid. This may be followed by suitable means 
for removing the liquid, such as wringer rolls and a drier, 
or by extraction, as will be understood in the art. The 
time of treatment may vary from a few seconds to 
hours, although, for simplicity, times of the order of a 
minute or so are preferred. * Either retracted or unre 
tracted products of this invention can be pressed for 
smoothing of the surface or additional compaction of 
the filaments, if desired. Where a retracted batt is de 
sired, it is preferred that the filamentary material utilized 
be retractable in length to the extent of at least about 
15% in order to achieve substantial benefits from the 
retraction step. 

In addition to the uses mentioned above for the prod 
ucts of this invention may be mentioned body armor 
and fiak curtains, shaft packing, reinforced plastics, 
laminates, polishing felts, grease seals, wicking felts, 
mechanical felts, wet and dry papermakers” felts, apparel 
felts, artificial leather, sanforizing blankets, tire cord 
fabrics, steaming pads, roll covers, and shock and vibra 
tion mountings. Many other suitable uses for these prod 
ucts will become apparent to anyone undertaking to prac 
tice the present invention. 

In general, the continuous filament needled, unretracted 
felt-like articles of this invention possess superior abra 
sion resistance, chemical resistance, thermal stability, and 
tenacity to felt-like articles made from staple fibers. 

This application is a continuation-in-part of applica 
tion Serial Number 312,067, filed September 29, 1952, 
now abandoned, by Herbert G. Lauterbach and Harry 
M. Norton, and application Serial Number 436,014, filed 
June 11, 1954 by Herbert G. Lauterbach. 
The claimed invention: 
1. A non-woven coherent felt-like article comprising 

predominantly synthetic organic continuous filamentary 
material characterized by predominantly coplanar super 
imposed layers of the filamentary components, the fila 
ments in each layer being oriented at an angle relative 
to adjacent filaments in adjacent layers, with portions of 
some of the filamentary components from each layer 
oriented into at least one adjacent layer. 

2. The product of claim i 1 in which the continuous 
filamentary components are at least partly retractable to 
diminished length. 

3. The product of claim, 1 in which the filamentary 
material is a polyamide. 

4. The product of claim 1 in which the filamentary 
material is rayon. 

5. The product of claim. 1 in which the filamentary 
material is a polyester. 

6. The product of claim, 1 in which the filamentary 
material is polytetrafluoroethylene. 

7. A non-woven retracted coherent felt-like article 
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comprising predominantly synthetic organic continuous 
filamentary material characterized by predominantly co 
planar Superimposed layers of the filamentary compo 
nents, the filaments in each layer being oriented at an 
angle relative to adjacent filaments in adjacent layers, 
with portions of some of the filamentary components 
from each layer oriented into at least one adjacent layer. 

8. The product of claim, 7 in which the filamentary 
material is polyethylene terephthalate. 

9. The product of claim 7 in which the filamentary 
material is polytetrafluoroethylene. 

10. The product of claim, 7 in which the filament 
material is a polyamide. M 

11. A process for preparing a non-woven coherent 
felt-like article comprising forming a loose batt of pre 
dominantly synthetic organic continuous filamentary 
material as a plurality of Superimposed substantially 
parallel layers, the filaments in each layer being oriented 
at an angle relative to adjacent filaments in adjacent 
layers, and forcibly orienting portions of some of the 
filamentary components into at least one adjacent layer. 

12. The process of claim, 11 in which substantially 
all of the continuous filamentary material is retractable. 

13. The process of claim 12 in which the felt-like 
article produced is retracted. 

14. The process of claim 12 in which the filamentary 
material is polyethylene terephthalate. 

15. The process of claim 12 in which the filamentary 
material is polytetrafluoroethylene. 

16. The process of claim 12 in which the filamentary 
material is polyhexamethylene adipamide. 

17. The process for preparing a felt-like product which 
comprises forming a mass of heat retractable continuous 
Synthetic filaments into a loose batt, said filaments being 
retractable by at least 15% in length when heated below 
the füsion temperature, punching portions of some of 
the filaments into the batt in a direction substantially 
perpendicular to the faces of the batt, and them without 
other treatment heating the filaments so that they retract 
at least 15% in length and remain free to move over 
each other though under frictional constraint from mu 
tual contact until they retract sufficiently to compact the 
batt to a felt-like product. M 

18. The process for preparing a felt-like product 
which comprises forming a mass of heat retractable sub 
stantially continuous polyethylene terephthalate filaments 
into a loose batt, said filaments being retractable by at 
least 15% in length when heated below the fusion tem 
perature, punching some of the filaments for part of 
their length into the batt in a direction substantially 
perpendicular to the faces of the batt, and then without 
other treatment heating the filaments below the fusion 
temperature to cause them to retract at least 15% in 
length without adhering with resulting compaction of 
the batt to a felt-like product. 
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