ELASTI C FI BERS HAVI NG REDUCED COEFFI CI ENT OF FRI CTI ON The present invention
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Knitting with these elastic fibers involves incorporation of the elastic filaments into

fabrics in stretched form. Consistency in stretch and the amount of stretch (draft) is
achieved through use of positive unwinding or constant tension feeders for the elastic fibers.
20 In circular knitting featuring positive unwinding devices (such as those produced by
Memminger-IRO GmbH), the draft is controlled by the ratio of the delivery rate of the
elastic fiber into the knitting machine relative to the delivery rate of the nonelastic or hard
filament into the knitting machine. A fiber at a particular draft will have a cetain tension.
The tension that is encountered between the feeding device and the guiding element will be
25  lower due to friction at the guiding element. The amount of reduction is reflective of the
frictional properties of the fiber against the guide element which can be quantified in terms
of its dynamic coeeficient of friction. High dynamic coefficient of friction leads to
significant drops in tension which may cause a reduction in draft as well as fiber breaks. The
dynamic coefficient of friction can be effected by surface characteristics of the fiber, surface
30  characteristics of the machine guiding elements, and the geometry in the placement of the

machine guiding elements. For example, there are different types of guiding elements used
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from the bobbins — thereby leading to fiber breaks. A reduced coefficient of friction at
metal or ceramic guiding elements preceding the needle-bed would result in an increased

20  retention of the fiber tension between the bobbin and the needle-bed and resolves both of
these problems.

It has been discovered that including one or more inorganic fillers such as talc,
synthetié silica, precipitated calcium carbonate, zinc oxide, barium sulfate and titanium
dioxide into the polymer prior to spinning the fiber, reduces the dynamic coefficient of

25  friction. This effect is improved by combining the use of inorganic fillers with the use of a
spin finish.

Accordingly, one aspect of the present invention is an elastic fiber comprising a
crosslinked olefin polymer having up to 5 percent by weight of one or more inorganic fillers.
These materials can conveniently be melt compounded into the polymeric material prior to

30  spinning the fiber.
The fibers of the present invention are preferably coated with a spin finish such as

silicone oils.
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15  of monomers or comonomers, although it is often used interchangeably with "interpolymer"
to refer to polymers made from three or more different types of monomers or comonomers),
terpolymers (which usually refers to polymers prepared from three different types of
monomers or comonomers), tetrapolymers (which usually refers to polymers prepared from
four different types of monomers or comonomers), and the like. The terms "monomer" or
20  "comonomer" are used interchangeably, and they refer to any compound with a
polymerizable moiety which is added to a reactor in order to produce a polymer. In those
instances in which a polymer is described as compﬁsing one or more monomers, for
example, a poiymer comprising propylene and ethylene, the polymer, of course, comprises
units derived from the monomers, for example, -CH,-CH,-, and not the monomer itself, for
25  example, CH,=CH,.
"Fiber" means a material in which the length to diameter ratio is greater than about
10. Fiber is typically classified according to its diameter. Filament fiber is generally
defined as having an individual fiber diameter greater than about 15 denier, usually greater
than about 30 denier. Fine denier fiber generally refers to a fiber having a diameter less than
30  about 15 denier. Microdenier fiber is generally defined as fiber having a diameter less than

about 100 microns denier.
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"Elastic" means that a fiber will recover at least about 50 percent of its stretched
length after the first pull and after the fourtﬁ to 100 percent strain (doubled the length).
Elasticity can also be described by the "permanent set" of the fiber. Permanent set is the

20  converse of elasticity. A fiber is stretched to a certain point and subsequently released to the
original position before stretch, and then stretched again. The point at which the fiber

begins to pull a load is designated as the percent permanent set.

“Filler” means a solid material capable of changing the physical and chemical
properties of materials by surface interaction or its lack thereof and/or by its own physical
25  characteristics. Filler can be inorganic or organic. An example of organic filler is wood
filler. Inorganic filler is generally preferred for use in the present in\}ention.
In one aspect, the present invention is an elastic fiber comprising a crosslinked olefin
polymer having up to 5 percent by weight of one or more organic or inorganic fillers.
The olefin polymer for use in the present invention can be any olefin based material
30  capbable of forming a fiber, including ethylene-alpha olefin interpolymers, substantially
hydrogenated block polymers, propylene alpha olefin interpolymers (including propylene

ethylene copolymers), styrene butadiene styrene block polymers, styrene-ethylene/butene-
4-
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for use in the present invention.

The size of the filler material can also be dptimized for the desired application. In

20  general the mean particle size should be less than about 10 microns. Filler having a mean
particle size of as little as 0.1 microns has been observed to be effective for usein the present
invention, and it is possible that even smaller particle sizes may also be effective. For non-
circular particles, the equivalent circular partical size is calculated, as is generally known in
the art (essentially a 2 diminsional image is made of the 3 diminsional object, the area of

25 this shadow is determined and a circle having the same area is given as the equivalent
circular partical size). Likewise, the shape of the filler can also be varied for different
effects, although the shape may largely be determined by the choice of filler (that is, the

filler chosen will tend to have a characteristic shape).

Any means of incorporating the inorganic filler into the olefin polymer may be used

30  in this invention. Most conveniently, the inorganic filler is melt compounded into the
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fiber by dipping, padding, spraying, finish rolls or by addition to the compounded polymer

- for simultaneous extrusion with the fiber-forming polymer. The finishes usually amount to
between 0.25 and 3 percent of the weight of the filament to which they are applied.
The fibers of the present invention may be used neat (or bare) or may be combined
20  into a yarn with an inelastic fiber such as cotton, wool, or synthetic material such as
polyester or nylon. However, the benefits of reduced dynamic coefficient of frictions are
most pronounced when the fiber is neat.
The fibers, whether neat or used with other material in a yarn, may be used alone or
together with other yarns to make textiles according to known fabrication methods such as
25  weaving or knitting. The fibers of the present invention are particularly well suited for
knitting applicétions.
EXAMPLES

Fiber Production

The following examples were carried out in order to demonstrate the effectiveness of
30 the fibers of the present invention. In these Examples the base resin was an ethylene-octene
copolymer with 0.875g/cc density as determined by ASTM D-792 and 3 MI as determined

according to ASTM D-1238, Condition 190°C/2.16 kg (formally known as “Condition (E)”
B _6_
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simulates an elastic fiber passing through a guide during knitting. For comparison, a

commercial spandex fiber (40 denier Dorlastan v850) was included in the study. All
measurements were taken with an instrumented Electronic Constant Tension Transporter
unit (“ECTT”) from Lawson Hemphill. A schematic of the setup is shown in Figure 1. The

20  ECTT consists of a feed roll and a take-up roll controlled independently by a computer. A
feeder (Memminger - IRO MER?2) typically used in large diameter circular knitting |
machines for use with spandex elastic fibers was attached to the ECTT and was driven by
the feed roll of the ECTT via a drive belt. The bobbin was unwound at 28.5 m/min and
taken up at 100 m/min, giving a total draft of 3.5X. As the fiber was unwound, it passed

25  across a % inch diameter ceramic pin (Heany Industries — R.250S P2) at a 90° wrap angle.
The ceramic pin had a surface roughness of 32 rms as measured by the manufacturer. Load
was measured before and after the ceramic pin using two 100 cN tensiometers (Rothschild —
Perma-Tens 100p/100cN). From the ratio of the two tensions, and the wrap angle, the
dynamic friction coefficient was calculated using the Euler formula:
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3000ppm Chi massorb 944 and 7000ppm PDMSO as processing aid. For filled
fibers, talc and TiO2 were al so added in the conpounding step to give a
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measyped gyeAvmrend after the ceramc pin using two 100 cN tensioneters

(Rot hschild - o o
The frictional response of fibers was also evaluated in circular knitting. A Mayer

circular knitting machine (1988) of 30inch diameter and 28 gauge with 96 elastic feeders
(MER-2 Iro) was used in this experiment. A texturized polyamide of 70/2 denier was used
as companion fiber. The speed of the machine was set at 22 rpm, with the hard yarn feeding
15  rate of 155 m/min, and an elastic feeding rate of 43m/min, resulting in an elastic draft of

3.6x.

The components and geometrical configuration of the yarn carriers used to feed the elastic
fiber into the needle bed, has an influence on frictional resistance encountered by the fiber
20  prior to its entry into the needles. Two distinct types of elastic yarn carriers were evaluated:
(a) Type A: Ceramic eyelet followed by steel locator
(b) Type B: Plastic free rotating pulley followed by steel guide
Elastic fiber tensidn in the region preceding the carrier was measured by a Zivy
tension-meter and is reported in Table II as T and Ty for the respective carriers. This was
25  compared to the dynamic tension for each fiber at 3.6x draft in the absence of any frictional
obstruction, as measured with an ECTT unit as described in Example 1 with the ceramic pin
removed, feeding the fiber at a rate of 43 m/min by a MER-2 device at a takeup rate of 155

m/min. The T and Ty tension will always be somewhat lower than the tension measured in
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Perma-Tens | OOp/1 OOcN). Fromthe ratio of the two tensions, and the wap
angle, the dynamc friction coefficient was cal cul ated using the Eul er
formul a: wermsdnsogzsm is the friction coefficient, T2 ispChasc@ssioas after
the pin, Tl is the tension before the pin, and q is the wap angle (p/2). A
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in Table 11 as TAand TB for the respective carriers. This was conpared to
the dynamic tension for each fiber |aECIHBX Typé A Carridre| alygpedk €avfieany
frictional obstruction, as neasured W th an ECTT unit ap described irn
Exanple 1 with the ceramic pin ens1o | T, (gh | T/Ta | Te(gh | T/Ts
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Fiber (gh)
Spandex (Lycra 136B) 12.5 6.3 2.0 8.2 1.5
Control Fiber (No Fillers) - 6.5 2.3 2.8 3.0 2.2
Filled Fiber (0.5% Talc and 0.5%
6.3 3.3 1.9 4.3 1.5
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renmoved, feeding the fiber at a rate of 43 mMmmn by a MER-2 device at a
takeup rate of 155 mim n. The TAandTB tension w ||l always be sonmewhat | ower
t han t he wensédmmoszeasur ed i nt he absence of any facti onalpcohsteosotdioen at the
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Al so omn in_Tabl.e ver dynanlc tensi on val ue neasured with
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the spandex usgg ﬁ/@somafnaz%aﬁ&l@fh%myléfebmialolmpbgqﬁrﬁ MD 1S 1. A
fiber conprising a crosslinked olefin polymer and from0.1 to 5 percent by

vei ght of one ethylensfastanegapelymer. i nor gani c f| llers. 2. The fiber of Claim1l

wherein t rQssl.i nk fi.n | yet hyl ene/ al pha

ol efin copol yr?ﬁ’r“llb? gﬁlg@?%}erdlg %qﬁ{eﬁ% rgegglﬁqilﬁg pol yet hyl ene/ al pha
ol efin copol ynﬁ{e fitser 8NCRARAM @H&émh@ﬁergaaa%w seléktedTmn&h%gbupf claim1
wherein the filler is an inorganic filler. 5. The fiber of aim4 wherein

the ilfor gani c donsibténg ¢faloesyntitetid sﬂnc@,mrcmtajub@qécmmrp@rb@manZIW oxidp.darium

synthetic silic it at ed m car zi nc oxide, barium

sul fate and tlsP&ﬁfl @H&%‘lt%& nggs’f?l gt[)f 6. The fiber of aim5
werein the i noﬂﬁﬁﬁﬂe‘fofd&ﬁ@ W&eir?th@mo?ganﬂ"ﬁllérh@&'lc of claim1 wherein the
organic or inorganic filler has an average particle dianeter in the range

of 0.1 td.5 miThreditsr ofclaifhé wWhdpen theforgdma¢ on ihoxghaicdiller basamavgeagie padicle
i norganic fil Idei\amhas a eneraH))i t8Qher| cal

eter in the range o microns.
15 8. The fiber of claim 1 wherein the organic or inorganic filler has a generally spherical
shape.
9. The fiber of claim 1 wherein the organic or inorganic filler comprises from 0.25 to 4

percent by weight of the fiber.
10.  The fiber of claim 1 wherein the organic or inorganic filler comprises from 0.5 to 3
20 percent by weight of the fiber.
11.  The fiber of claim 1 further comprising a lubricant on the surface of the fiber.
12.  The fiber of claim 11 wherein the lubricant is a silicone oil.
13.  The fiber of claim 1 wherein the fiber is an elastic fiber.
14. A method for improving the dynamic coefficient of elastic fibers comprising an
25 | olefin polymer, said method comprising adding one or more organic or inorganic
fillers into the olefin polymer prior to forming the fiber.
15.  The method of claim 14 wherein the organic or inorganic filler is melt compounded
into the olefin polymer.
16.  The method of claim 14 wherein the filler in inorganic and is selected from the
30 group consisting of talc, synthetic silica, precipitated calcium carbonate, zinc oxide,
barium sulfate and titanium dioxide and mixtures theeof.

17.  The method of Claim 16 werein the inorganic filler is talc.
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shape. 9. The fiber of claim1 wherein the organic or inorganic filler
conprises fromO0.25 to 4 percent by weight of the fiber. 10. The fiber of
claim1l wheneigneddre organi c or inorganic filler conprisestfuseis@4dpazo 3
percent by weight of the fiber. 11. The f| ber of claim1 further conprising

a lubricant on the surface of the fiher. e fiber of clai.m 11l wherein
the | ubril8ant Ths method plklgim d wheresn t H’éorgf“B% 5t h @aglaﬁprfg%@pgien the fiber
is an elaSt'Cdukgﬁ&nn%ﬁénnlQEF@?? ggﬁmbHPrOVIng t he dynami c coefficient of
elastic fibers conprisin In polynmer, said nmethod conprising addi ng
one or nuoe OrfhRfhéhéd of @ﬁflﬁamvﬂlefdlﬂl therisorigadio filleehasl sdeinerafip kyivegicalshiape. t o
formng the fiber. 15. The method of claim 14 wherein the organic or

i nor gani &0f i | Te m@h%ofcbmﬁéwﬁ@@m thetiporegic Siller comprésey frem 0.1 &0 fiveie net hod
of claim 14 wher e| ]lgﬁ{ ﬂt@r tn inorganic and is selected fromthe group
consi sting opr§F8 3§§ﬁ ef g‘ ica, precipitated cal cium carbonate, zinc
oxi de, bariumsulfate and titaniumdi oxide and m xtures theeof. 17. The

met hod of Claim16 werein the inorganic filler is talc.18. The method of
Claim 14 wherein the inorganic filler has an average particle dianeter in
the range of 0.1 to 5 mcrons. 19. The nethod of O aim 14 wherein the
inorganic filler has a generally spherical shape. 20. The nethod of C aim
14 wherein the inorganic filler conprises fromO0.1 to five percent by

wei ght of the fiber.
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