
4 > ~2080349 Chlorine-Resistant Spandex Fibers This invention relates to
spandex fibers intended for use in chlorinated aqueous environments, such
as are encountered in swimming pools.  In particular, the invention
concerns such fibers 5 containing finely divided zinc oxide. Spandex
fibers, made from long chain synthetic polymers comprised of at least .85%
of segmented polyurethanes, are well-known in the art. Yarns of such fibers
have been used to produce 10  attractive fabrics, which are useful for,
among other things, swiriwear.  However, the water.in swimming pools is
chlorinated to such an extent that the active chlorine content is usually
between 0.5 and 3 ppm (parts per million) or higher.  Exposure of 



15  polyuretlhane spandex fibers in such an environment can result in
degradation of the physical properties (e.g., toughness) of the fiber. From
a practical standpoint, some degradation can be tolerated without its
effects being noticeable to the user of fabrics 20  made with these fibers.
Nonetheless, improvements in the resistance to chlorine-induced degradation
is needed, especially for yarns of low denier (e.g., less than 100 denier).
It-is an object of this invention to provide such an improvement. 25
The present invention provides a spandex fiber with improved resistance to
chlorine-induced degradation by having an effective amount of finely
divided high purity zinc oxide dispersed in the fiber. Zinc oxide assaying
at least 99.4% ZnO, preferably 30   at least 99.7% ZnO, is suitable for use
in this 



invention.  Zinc oxide concentrations as low as one- half percent or as
high as ten percent or more can be' effective, but the preferred
concentration of the zinc oxide is in the range of 1 to 3% based on the
weight 35  *of the fiber.  The preferred mean particle size is in the range
of 0.1 to 1 micron.    -2- As used herein the term fiber includes staple
fibers and/or continuous filaments. Throughout this specification,
percentages are by weight unless otherwise stated. 5           In
accordance with the present invention, the effective amount of finely
divided zinc oxide can 



vary over a fairly broad range. Improvements in- resistance to
chlorine-induced degradation are obtained at zinc oxide concentrations as
low as 10 1/2%.  However, larger improvements are obtained when the
concentration is at least 1%. Although large concentrations of zinc oxide
in the fiber (e.g., 10% or more) can sometimes be used, a concentration of
less than 5% usually is used because excessive 15 amounts of the additive
adversely affect some of the physical properties of the fiber (as produced)
as compared to the same.fiber without the zinc oxide additive. The
preferred range of concentrations of zinc oxide in the fiber is therefore 1
to 3%. 20           The zinc oxide additive, in accordance with the present
invention, is finely divided. This permits a more homogeneous distribution
of the zinc 



oxide in the fiber than could be obtained if the zinc oxide particles were
larger. Generally, small 25. particle sizes are used, such as those having
a mean size of less than 5 microns. Particles that have a mean size of
greater than 5 microns can lead to difficulties in fiber spinning, and,
therefore, arc generally avoided.  Commercially available zinc oxido 30
particles having a mean size of 0.1 micron, or even somewhat smaller, are
satisfactory. The preferred range of mean particle size is 0.1 to 1 micron.
Zinc oxide of high purity (e.g., at least 99.4% ZnO) is suitable for use in
the present invention. 35 Although less pure zinc oxide can provide some
improve- ment in resistance to chlorine-induced degradation the higher
purity material provides much better chlorine-  



-3- degradation resistance and fewer adverse effects on physical properties
and whiteness retention of the fiber. The high purity zinc oxide can be
made by oxidizing zinc metal as in the "indirect" or French 5    Process or
an equivalent thereof.  In contrast the "direct" or American Process does
not provide zinc oxide of as high purity.  Among the suitable, high purity
commercially available zinc oxides are "AZO"- 77 (sold by ASARCO of
Columbus, Ohio), "KADOX"-15 10    (sold by New Jersey Zinc Company of
Bethlehem, Pennsylvania), zinc oxide #20 or#911 (sold by St. Joe Zinc
Company of Pittsburgh, Pennsylvania) and U.S.P. zinc oxide (sold by
Mallinckrodt of St. Louis, 



Missouri). 15             An indication of the purity of the zinc oxide is
provided by the sulfur content of the zinc oxide. Elemental analysis has
indicated that impurities in the zinc oxide frequently contain:cadmium,
cAlcium, copper, iron, lead, magnesium, potassium, sodium, 20   sulfur,etc.
A convenient measure of the general level of the impurity content of the
zinc oxide is its sulfur content. The high purity zinc oxide used in the
present invention generally has a sulfur content of no more than 0.025% and
preferably no more than 0.005%.. 25             In the process of making
spandex fibers according to the present invention, which process includes
dissolving a long chain synthetic polymer comprising at least 85% segmented
polyurethane in an organic solvent and then dry spinning the solution 



30    through orifices into filaments, an effective amount of zinc oxide
particles, preferably amounting to at least one-half percent and as much as
ten percent or more by weight of the polymer, is dispersed within the
filaments. The zinc oxide particles can be added 35    at any of several
points in the preparation of the    spandex fibers.  For example, the zinc
oxide may be. added as slurry to a solution or dispersion of other
additives and then mixed with or injected into.the polymer solution
upstream of the fiber-spinning. *5 .      orifices.  Of course, the zinc
oxide particles can be added separately to the polymer spinning solution,
as a dry.powder or as a slurry in a suitable medium. 



As indicated above, the.improved spandex fibers of the present-invention
are made from .10'   'segmented-polyurethane polymers, such as those based
on polyethers, polyesters, polyetheretters and the .like.  Such fibers. are
prepared by well-known methods, such. as those described in U.S. Patents
2,929,804, 3,097,.192, 3,428,711, 3,553,290 and 15        3,555,115.  Some
of these spandex polymers are more susceptible than others
to.chlorine-induced degradation.  This can be seen, for example, by.
comparing the results of Example I below, which concerned spandex'fibers
made from polyether-based 20       polyurethane, with the results. of
Example I.I, which concerned spandex fibers made from polyester-based
polyurethane.  As-shown by.,these Examples, spandex fibers, such as those
made from polyether-based 



polyurethanes, benefit more than others from the 25       inclusion of zinc
oxide particles in accordance with the invention.  For this reason,
embodiments of the invention that include polyether-based: polyurethanes
are preferred. The spandex fibers of the invention may also 30
contain a variety of additives for different . purposes., such as
delustrants, antioxidants, dyes, stabilizers against heat, light and fumes,
etc. so long as such additives do not produce antagonistic effects with the
zinc oxide.  Also, when finishing or 35     -dyeing yarns or fabrics made
from fibers'of the    '.          invention,.care must be exiercised to
avoid 



*    ,    , deactivating or dissolving the zinc oxide. The following test
procedures are used for measuring the various parameters discussed above. 5
The concentration of zinc oxide in the fiber is-determined as follows.  A
weighed sample of fiber is ashed in a platinum.dish in a muffle furnance at
800OC for 10. minutes.  The thusly formed residue is -dissolved in 50% HClI
solution.  Insolubles are 10      removed by filtration.  Then, in
accordance with. the procedures described.in "Analytical Methods for Atomic
Absorptions", Perkin-Elmer Corp. of Norwalk, Connecticut (1973), the
filtrate is analyzed with a Perkin-Elmer'Model 370 Atomic Absorption 15
Spectrophotometer.-(or equivalent) equipped with a zinc lamp and calibrated
with a sample containing a known amount of zinc oxide.  The zinc oxide 



concentration is then calculated as a percent of the total weight of the
fiber.. 20               The purity of the zinc oxide can be measured
by.means of a potassium ferrocyanide titration as described in "Commercial
Methods of Analyses" by F.O. Snell and F. M. BiffenMcGraw-Hill Book Company
Inc., New York [19441 pages 504-506.: The sulfur 25     content of the zinc
oxide can be measured. by X-ray fluorescence spectroscopy.  A Philips model
PW-1400 X-ray spectrometer equipped with a graphite crystal in a vacuum
atmosphere and an X-ray tube'with a silver target is suitable.  The
spectrophotometer is operated 30     at 50,000 volts and.40 milliamps.  The
response of the K. line of sulfur is measured according to the general
directions of the PW-1400 operation manual published by NV Philips
Gloeilampanfabrieken, Eindhoven,, The 



Netherlands [19801. The instrument is calibrated by 35     analysing
samples of zinc oxide found by other means . '     to contain no detectable
quantities of sulfur and to    -6- -j    . 'which.knowPamounts of
potassium-sulfate were added. The mean size of the'zinc oxide particles
in.. the fiber is measured by Joyce-Loebl-Disk-Centrifuge .techniques in
accordance with procedures described in 5      "Instruction Manual for
ICI-Joyce Loebl Disk Centrifuge Mk-III with Photosedimentometer", Joyce
Loebl Co. Ltd., Durham, England.  Usually, the mean particle size in the
fiber is about equal to the size of the particles fed to the polymer
solution used in 



10    preparing the fibers.  Very little reduction in particle size occurs
in the process. of-making the fibers-containing the zinc oxide.. Toughness
of'the spandex fiber is defined-as the product of the break tenacity and
break.' 15    elongation and is measured on an Instron machine.  A 2-inch
(5.1-cm) length of yarn of known de.  '   is suspended between the clamps
of an InstronLMo el TM testing machine, equipped with a tensile load cell
of "A" capacity.  The sample is elongated at the rate of 20    20
inches/minute (51 cm/mi)..  The percent elongation at yarn break (break
elongation) and the retractive force in grams at yarn break, divided by the
original denier of the yarn (break tenacity) are recorded. All testing is
carried out at 700F (210C) and 65% 25    relative humidity after the yarns
have been brought 



to equilibrium with those conditions.  Three test samples are averaged'for
each determination. .To test the resistance of the spandex-fibers to
chlorine-induced degradation, an 8-inch (20-cm.)    


