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1
ACRYLONITRILE YARN

This is a continuation of application Ser. No.
864,225, filed Oct. 6, 1969, now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to improved shaped ar-
ticles formed of acrylonitrile polymers. More particu-
larly, the present invention relates to a process for im:-
proving many desired properties of continuous mono-
and multifilament yarns formed of acrylonitrile poly-
mers, the yarns so-produced and shaped articles manu-
factured therefrom. In greater detail, one aspect of this
invention concerns an inexpensive, rapid method in-
volving a minimum of process steps for treating an es-
sentially solvent-free as-spun acrylonitrile yarn, espe-
cially a dry spun yarn, prior to further processing to
produce a yarn characterized by enhanced tensile
strength and other desired properties. More particu-
larly, yarn coherency, elongation at the break and ten-
sile factor properties are improved by the method of
this aspect of the invention, which method is also the
first process step of a multi-step method for producing
an acrylonitrile yarn characterized by excellent hot-wet
performance properties. :

Acrylonitrile fibers can be formed, for example, by
melt spinning, wet spinning and dry spinning methods.
However, because of polymer degradation, chain
cleavage and the like factors which frequently occur
during melt spinning operations as a result of the rela-
tively high temperatures of the order of 250°C and
above which are required to melt acrylonitrile poly-
mers of fiber-forming quality, dry and wet spinning pro-
cedures are generally preferred for use in acrylonitrile
fiber-forming operations. Until recently, the preferred
methods for spinning acrylonitrile polymers have in-
volved dry and wet spinning techniques utilizing a spin-
ning solution containing fiber-formable acrylonitrile
polymers admixed with a high boiling solvent. In wet
spinning, the spinning solution is extruded into a liquid
coagulant which is a non-solvent for the polyacryloni-
trile while in dry spinning extrusion is carried out into
a heated chamber or spinning column.

With the use of the relatively high boiling solvents,
which boil at temperatures significantly above acryloni-
trile yarn spinning temperatures, the spun yarns must
be washed one or more times for spinning solvent re-
moval. Typical high boiling solvents, i.e., boiling at
about 200°C and above, useful for forming acrylonitrile
polymer spinning solutions are dimethylformamide, di-
methylacetamide, gamma-butyrolactone and the like.
In fact, the economic problems of adequately washing
continuous filament yarn formed from high acryloni-
trile polymers to produce acceptable solvent levels in
the yarn that is a solvent level which does not adversely
affect wanted yarn properties such as tensile strength,
elongation, texturability and the like, have prevented
the marketing of continuous filament acrylic yarn in
substantial quantities in this country. At this time, as-
spun acrylonitrile yarn is gathered into a high denier
tow to facilitate more economical washing and subse-
quently cut into staple form prior to spinning into sta-
ple spun yarn.

Of late, a dry spinning technique for forming continu-
ous filament acrylonitrile yarn has become economi-
cally feasible through the discovery of relatively low
boiling, i.e., 75°-125°C, solvent systems for high acry-
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lonitrile polymers, which solvents function effica-
ciously at solids levels acceptable for fiber-forming op-
erations. Thus, the prior art washing steps and other
special solvent removal steps are eliminated. This in-
vention is particularly directed to benefiting dry spun
acrylonitrile yarn formed from low boiling solvent sys-
tems which substantially evaporate from the yarn to an
insignificant yarn content in the spinning column. The
preparation of a low boiling solvent system for high ac-
rylonitrile polymer is disclosed in copending common-
ly-assigned application of Champ Ser. No. 764,484,
filed Oct. 2, 1968, now abandoned and the use thereof
in dry spinning is disclosed in copending, commonly as-
signed application of Champ and Bohrer, Ser. No.
764,380, filed Oct. 2, 1968, now U.S. Pat. No.
3,655,857, which applications are hereby incorporated
into this disclosure.

Following extrusion, acrylonitrile yarns in general are
subjected to a drawing operation to improve tensile
properties by increasing the degree of molecular orien-
tation of the yarn along the longitudinal yarn axis. This
drawing operation, which can be a spin draw and/or
one or more post-spin drawing steps in combination to
reach a desired post spinning draw ratio, is also em-
ployed in many instances to promote fiber crystalliza-
tion to further increase yarn tensile properties. How-
ever, acrylonitrile yarns subjected to the above general
type of drawing and orientation operation, and particu-
larly yarns dry spun from low boiling solvent systems,
have been found to be deficient in certain respects, par-
ticularly under hot-wet conditions of 85° to 95°C.
These yarns are often characterized by high permanent
set values (corresponding to poor elastic recovery),
and relatively low tensile properties as measured by
hot-wet, stress-strain modulus (hereinafter designated
hot-wet modulus); tensile factor and the like tests. in
particular, it is difficult to produce an acrylonitrile yarn
dry spun from low boiling solvents which retains an ac-
ceptable percentage of its room temperature proper-
ties, i.e., 23°C tenacity value coupled with good elonga-
tion properties, at temperatures of the order of about
95°C while in a wet condition, i.e., poor hot-wet modu-
lus and tensile factor values. These parameters are rec-
ognized by those skilled in the art as indicative of the
hot-wet performance of acrylonitrile yarns. Good hot-
wet performance as is known is desired, if not needed,
in many yarn end use applications.

It has been found that in order to produce a dry spun
acrylonitrile yarn characterized by the above-described
highly desired hot-wet performance properties, it ap-
pears to be highly desirable to employ a precursor yarn
for the drawing operation characterized by superior
elongation properties as measured by elongation at the
break. With such yarns, hot-wet modulus can often be
predicted from the elongation at the break of the as-
spun precursor, other factors being constant; that is,
good hot-wet modulus values appear only to be obtain-
able at the expense of elongation.

The percent elongation at the break values of acrylo-
nitrile continuous filament yarns dry spun from low
boiling solvent systems are usually relatively low and
should be improved considerably to develop good hot-
wet performance properties in the yarn. These low val-
ues are believed to be caused in part by the rapid vola-
tilization of low boiling spinning solvent preventing the
self-healing of internal and surface flaws such as sur-
face cracks, internal voids; and presence of particulate
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matter and the like which are eliminated by the plasti-
cizing action of residual spinning solvent present when
the high boiling spinning solvents are employed. Thus,
hot-wet performance of such acrylonitrile yarn is not
usually improved by stretching operations. Yarn exten-
sibility generally suffers as tenacity is improved as a re-
sult of longitudinal drawing. Therefore, it would be
highly desirable to employ a precursor yarn for the
drawing operation having an abnormally high elonga-
tion at the break, e.g., 50 to 100 percent and above,
within acceptable tenacity ranges, e.g., above about 1.0
gram per denier for undrawn, as-spun filaments. If good
extensibility is retained, without interference with at-
tained tenacity, yarns characterized by high hot-wet
modulus and hot-wet tensile factor values could result.

Therefore, it is an object of the present invention to
provide a process for producing an undrawn acryloni-
trile yarn dry spun from low boiling solvents character-
ized by an unusuaily high elongation at the break value
coupled with a tenacity value comparable to that of as-
spun yarn and the yarn so produced.

It is another object of the present invention to pro-
vide a precursor acrylonitrile yarn for a drawing opera-
tion exhibiting a high tensile factor; excellent coher-
ency, i.e., essentially void free; increased linear density
and the like properties.

It is still a further object of the present invention to
provide a process for producing a drawn acrylonitrile
yarn characterized by superior hot-wet modulus and
tensile factor properties and the yarn so-produced.

An additional object of the invention is to provide a
multi-step process involving the initial preparation of
an undrawn acrylonitrile yarn dry spun from low boil-
ing solvent displaying an unusually high elongation at
the break value, which yarn is then transformed by fur-
ther steps of said process into a drawn yarn character-
ized by excellent hot-wet performance properties.

Other objects of the invention will appear obvious to
those skilled in the art from the detailed description of
the invention hereinafter.

SUMMARY OF THE INVENTION

It has now been found that an undrawn acrylonitrile
yarn characterized by a tenacity of at least 0.5 grams
per denier, designated hereinafter gpd, preferably over
0.6 gpd, e.g., 1.0-1.5 gpd, and an elongation at the
break of at least 15 to 25 percent, preferably 25 to 50
percent and often over 100 percent, suitable for draw-
ing into a yarn exhibiting excellent hot-wet properties
can be prepared by forming an essentially solvent-free
acrylonitrile yarn by dry spinning from a low boiling
solvent, said yarn having a tenacity as stated and an
clongation at the break of below about 15 percent,
preferably below about 10 percent, and improving said
yarn by heating said yarn at a temperature above its
glass transition point, preferably above 100°C., for at
least about 30 seconds while maintained at constant
length. In a preferred embodiment of the invention the
yarn is heat treated below about 175°C. for about 1
minute under a tension required for maintenance of
constant fiber length conditions. This precursor yarn is
then further treated by hot drawing at a draw ratio of
from about 2-8:1, preferably about 4.5:1-6.5:1, fol-
lowed by heat setting while held at constant length at
a temperature above that employed at any previous
point during the process and preferably above any tem-
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perature the yarn will encounter during subsequent
processing, i.e., conversion operations or use. The final
product is an acrylonitrile yarn characterized by a hot-
wet modulus at 95°C. of at least above 6.5 gpd, prefera-
bly over 7.8 to 8.0 gpd and, under the same hot-wet
testing conditions, an elongation at the break of at least
36 percent, preferably over 40 percent, a tenacity of at
least 1.32, preferably above 1.35 gpd, a tensile factor
of at least 8.00, preferably above 8.50 and essentially
0 percent permanent set following a 10 percent exten-
sion.

~DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to acrylonitrile
monofilament and multifilament yarn. Therefore, by
the term ‘“‘acrylonitrile yarn” and the like as used
herein is meant continuous monofilament and multifil-
ament yarn, to the exclusion of spun staple yarn,
formed of acrylonitrile polymers. The continuous fila-
ment substrate can be formed of modacrylic polymer,
that is, polymers containing at least 40 percent acrylo-
nitrile up to about 85 percent acrylonitrile, but more
preferably will be formed of high acrylonitrile polymers
containing at least about 85 percent or more acryloni-
trile, by weight. Such polymers are well known in the
art and normally are used in filament production as co-
polymers, terpolymers and higher copolymerized prod-
ucts. Typically, varying amounts of other copolymeriz-
able monomers are added to produce the co- and ter-
polymers. Typically, ethylenically unsaturated mono-
mers, such as methylacrylate, methyl methacrylate,
vinyl acetate, vinylidene chloride, styrene, sulfonic acid
materials such as sodium methylallyl sulfonate, diso-
dium allyl phosphate and the like can be used. In mod-
acrylics, the proportion of the comonomer is substan-
tially higher, thereby lowering the amount of acryloni-
trile used in the polymerization reaction. With high
acrylics, the amounts of copolymerized monomer is up
to about 15 percent, but more generally in the range of
about 0.1 to 10 percent by weight. While sulfur-
containing monomers are preferred to enhance the
dyeability of the end polymer, other dye-enhancing
compounds can be used such as those containing a
phosphorous group or other dye enhancing group, as
are well known in the art.

As-spun or undrawn continuous acrylonitrile fila-
ments, dry spun in low boiling solvents, that is, fila-
ments which have only been subjected to a drawing-
down operation while being positively pulled from the
spinnerette, as opposed to a separate drawing opera-
tion in which the point of reference would not be that
of the spinnerette, are generally characterized by rela-
tively poor tensile properties, particularly elongation at
the break. For this reason, the as-spun filaments are
stretched to develop higher tensile strength suitable for
textile conversion operations, i.e., knitting and weaving
processes. However, if high tenacity values are ob-
tained, usually requiring a high draw ratio, elongation
suffers, particularly when tested at elevated tempera-
tures such as those encountered by textile articles of
manufacture during, e.g., finishing, dyeing and washing
operations. Therefore, it would be advantageous to
have available an as-spun fiber characterized by a high
elongation at the break value allowing the employment
of higher draw ratios for the development of better ten-
sile properties by a stretching operation and which
would retain improved elongation properties following
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drawing when tested under hot-wet performance con-
ditions.

Therefore, the present invention is initially con-
cerned with modifying the percent elongation at the
break of an as-spun acrylonitrile yarn dry spun in low
boiling solvent systems without deleteriously affecting
the tenacity of the yarn or its ability to be drawn into
a tenacious yarn from which wearing apparel, carpeting
pile and other textile materials can be manufactured.

Typical acrylonitrile filaments drawn down in a dry
spinning operation from low boiling solvent solutions
will have a tenacity of from about 0.5 to 1.5 gpd and
an elongation at the break of below about 15 percent
and most often below about 10 percent, e.g., in the
range of about 6 to 8 percent. One aspect of the present
invention involves the treatment of such an undrawn
as-spun yarn to increase its percent elongation at the
break to over 15 percent up to about 50 to 200 percent,
and preferably at least over 100 percent for high denier
per filament yarn, without appreciably decreasing te-
nacity. That is, if tenacity is lowered at all, it will only
be down to about 10 percent below the as-spun value.
In fact, many times there is a slight increase in tenacity
along with the many fold increase in elongation.

It has been found that this objective is achieved by
treating the described as-spun yarn which is in an es-
sentially solvent free condition at a temperature above
the glass transition point of the yarn for at least about
30 seconds while held under a tension required to
maintain the fiber at about constant length. It is quite
surprising to find that constant length treatment devel-
ops the best elongation properties in the dry spun yarn
since it has been generally accepted by those skilled in
the art that yarn relaxation, that is free to shrink or con-
trolled relaxation conditions allowing molecular relax-
ation, should consistently develop the best yarn elonga-
tion properties. In fact, acrylonitrile yarn dry spun from
conventional high boiling solvent systems appears to
follow this general principle while yarns of the same
composition spun from low boiling solvent systems re-
spond more consistently and with markedly superior
results to constant length heat treatment conditions.

In preferred embodiments of this aspect of the inven-
tion, the continuous filament substrate is treated for at
least about 1 minute at a temperature over about
100°C. while maintained at constant length.

The temperature employed can theoretically range
up to about the degradation point of the polymer, i.e.,
above 175°C. However, no particular advantage is real-
ized with unusually high temperatures over about
150°C. In fact, lower temperatures from about 25° to
50°C. above the glass transition temperature of the
fiber give the best elongation properties in many in-
stances. Temperatures at about the high end of the
above range are preferred, i.e., 115° to 150°C. for a
typical continuous filament yarn formed of a high acry-
lonitrile polymer.

The glass transition temperature of the polymer as
defined herein is the temperature at which appreciable
amounts of the amorphous or non-crystalline regions of
the fiber attain chain mobility. For filaments formed of
high acrylonitrile polymers, this temperature is about
80°C. to 90°C. but can vary somewhat depending upon
percentage and type of co-monomer(s) present, poly-
mer intrinsic viscosity and the like factors well-known
to those skilled in the art.
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The mechanism or reason for improvement in elon-
gation is not fully understood. However, it is believed
that a combination of interacting factors may be in-
volved. An as-spun continuous filament acrylic yarn,
particularly dry spun from low boiling solvent system,
tends to form comparatively brittle, randomly posi-
tioned regions along the length of the filaments after
solvent removal. These brittle regions can not be
stretched to the extent that the non-brittle regions can
be drawn and, therefore, cause a premature cracking or
rupturing of the filaments. The brittle regions usually
contain numerous microvoids which, during stretching,
combine into larger cavities which may form the nuclei
of areas of filament rupture. Also, it is believed that
rupture might be caused by a cleavage occuring along
the boundary areas of the brittle regions of the fila-
ments. By heating the filaments to a temperature above
the glass transition temperature, amorphous polymer
segments of the filaments attain the necessary mobility
to fill the microvoid structures, thereby contributing to
the prevention of filament rupture during a stretching
operation and increasing the extensibility of the sub-
strate. Additionally, the heat treatment permits the re-
laxation of local stored stresses, particularly since a rel-
atively low tension is applied to the substrate, and seg-
mental rotation leading to an increase in the short
range order of crystallinity. Molecules can become
more regularly aligned along the fiber axis in a more
dense structure. It is believed that all of these factors,

and others, contribute to the improvement in tensile

properties, i.e., elongation at the break, tensile modu-
lus and tensile factor, increased thermal stability,
higher density and the like properties of the treated fil-
aments. Further, following a drawing operation, hot-
wet performance properties are enhanced to a degree
not usually obtainable with acrylic yarns.

The continuous filament substrate is subjected to the
heat treatment for at least about 30 seconds, and pref-
erably about 1 minute. The duration of the heat treat-
ment can range up to S minutes or longer but no appre-
ciable benefit is realized with treatment periods over
about 2 minutes. Even if amorphous polymer segments
of the continuous filament substrate attain mobility in-
stantaneously at the particular temperature employed,
the substrate should still be subjected to the treatment
for the minimum time period herein designated to in-
sure that the entire yarn reaches the treatment temper-
ature and since.factors other than the relaxation of
amorphous polymer regions appear to be involved
which occur during the extended heat treatment. The
preferred treatment time period, when the preferred
temperature range hereinbefore stated for high acrylo-
nitrile polymer yarn is used, is about 1 minute.

The acrylic filaments should be essentially solvent-
free during the heat treatment. Although healing of
some micropores or voids with solvent present is possi-
ble, residual solvent can interfere with the extensibility
of the yarn during further processing and thereby ne-
gate one of the prime advantages and objectives of the
heat treatment. Residual solvent, by evaporating during
a subsequentdrawing oreration-er even during the heui
treatment, Yor example, can form additional internal
void pockets throughout the continuous filaments,
thereby lowering elongation values. Therefore, the.
yarn should be thoroughly dried prior to the heat treat-
ment. This is easily achieved with the employment of
low-boiling spinning solvent. As stated, the present pro-
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cess has specific applicability for acrylic filaments dry
spun from low-boiling solvent solutions because of
their unique characteristics as compared to conven-
tional dry spun acrylonitrile yarns. As used herein, a
solvent-free acrylonitrile yarn contains less than 35
percent by weight, preferably about 5 to 25 percent,
residual spinning solvent. This amount of residual sol-
vent evaporates during subsequent processing at ele-
vated or ambient temperatures.

During the initial heat treatment, the continuous fila-
ment substrate is under a tension required to maintain
the filaments at about constant length. This tension pa-
rameter is in sharp contrast to a conventional stretch-
ing step to specifically develop enhanced tensile prop-
erties, particularly tenacity, or a controlled or free
shrinkage relaxation process. Where a comparable
acrylic substrate is heated at the defined temperature
for the designated time during a drawing operation,
elongation at the break is not increased to the extent
possible with employment of the invention and, further,
where additional identical processing is involved, yarn
hot-wet performance properties of the yarn pre-treated
in accordance with the invention are significantly supe-
rior.

Subsequent to the pretreatment process, and in ac-
cordance with the invention, the yarn can be further
processed in a continuous manner to form a continuous
filament product having enhanced hot-wet properties,
specifically a hot-wet modulus at 95°C of at least about
6.5 gpd, and preferably above 7.8 gpd, e.g. 8.0-12.0
gpd and under the same testing conditions, an elonga-
tion at the break of at least 36 percent, preferably over
40 percent but less than 70 percent, a tenacity of at
least 1.32, preferably above 1.35 gpd, e.g. 1.35-2.5
gpd, a tensile factor of at least 8.00, preferably about
8.50, and essentially O percent permanent set following
a 10 percent extension.

The heat-treated yarn, to develop the afore-
mentioned hot-wet properties, is first subjected to a hot
draw at a draw ratio between about 2-8:1, preferably
about 4.5-6.5:1. The temperature employed during
drawing will be above about 105°C and, preferably will
be within the preferred temperature ranges indicated
for the heat treatment hereinbefore.

This fiber drawing may be accomplished in numerous
manners but most often will be conducted in air or an
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The final method step of the integrated process to de-
velop good hot-wet properties involves the heat-setting
of the continuous filament substrate at a temperature
above that employed in previous steps of the process
and preferably above the maximum temperature to
which the yarn will be exposed during subsequent oper-
ation, i.e., dyeing and finishing or during use in con-
verted form. Either moist or dry heat may be employed
with a temperature generally below about 250°C, pref-
erably in the range of about 175°-225°C. Time of treat-
ment is somewhat temperature dependent but for good
heat-setting will be at least about 5 minutes, preferably
about 10-15 minutes. Longer time periods may be used
but the improvement in properties does not warrant the
economic disadvantages. Of critical importance to the
purposes of the invention is that the continuous fila-
ments be heat set while held at constant length. Alter-
natively, a slight stretch, i.e., up to about 10 percent,
may be employed. It is believed that in this manner that
stresses developed during drawing are dissipated which
appears to contribute markedly to the thermal stability
of the molecularly oriented yarn. Additionally, mi-
crovoids formed as a result of the stretching operation
are healed similar to that occurring during the initial
heat treatment phase of the process. The heat setting
also improves the lateral order of the polymer chains as
revealed by x-ray diffraction patterns.

The following examples are presented to illustrate
the invention and not to limit it in any manner. All per-
centages are by weight unless otherwise stated.

EXAMPLE |

This Example illustrates the improved tensile proper-
ties, particularly elongation at the break, of as-spun fi-
bers following the heat treatment of the invention. The
substrate, 60 dpf, filament yarn, formed from a high ac-
rylonitrile polymer of about 1.4 intrinsic viscosity com-
posed of about 95 percent acrylonitrile, about 4.5 per-
cent methylacrylate and about 0.5 percent sodium
methallyl sulfonate, by weight, is dry spun using a low
boiling acetonitrile/water solvent as disclosed in the
hereinbefore stated copending, commonly assigned ap-
plication of Champ and Bohrer. The yarn is heated in
accordance with TABLE I with the results shown and
compared with an as-spun sample.

TABLE 1
Elongation
at the Modulus  Tenacity
SAMPLE Heat Treatment Conditions Break (%) (gpd) (gpd)
A 115°C for | minute, free to shrink 75 56 1.1
B 115°C for | minute, constant length 123 60 1.1
C 130°C for 1 minute, free to shrink . 19 50 1.1
D 130°C for | minute, constant length 145 55 1.2
E 150°C for 1 minute, free to shrink 8 53 1.2
F 150°C for 1 minute, constant length 110 58 1.3
G None (As-spun) 7 50 1.2

inert atmosphere such as nitrogen or steam. The neces-
sary heat may be supplied by one or more hot rolls, hot
shoes, heated tubes, ovens and the like. Similarly, a

multi-stage stretching operation with, for example, a g5

relaxation prior to final draw, with a net draw ratio as.

disclosed may be used as the drawing step of the overall
process.

The above results also indicate certain preferred tem-
perature and tension ranges as discussed above.

EXAMPLE II

This Example illustrates the superior hot-wet per-
formance properties developed in acrylonitrile polymer
continuous filament yarn by the integrated process of
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the invention as compared to yarns treated in a conven-
tional manner without either the heat pretreatment or
heat setting steps, including yarns drawn and heat set
but not given a heat pretreatment in the undrawn state.
Processing conditions of the various samples and their

“hot-wet properties are tabulated in Table II. All sam-
ples are dry spun from low boiling acetonitrile/water
solvent as in Example I.

TABLE 11

10

and high boiling solvents subjected to constant length
and free to shrink heat treatment conditions for one
minute. The low boiling solvent employed is the
acetonitrile/water solvent as described in the afore-
mentioned Champ and Bohrer application. The high
boiling solvent system is a conventional dimethylform-
amide composition dry spun, washed and dried in the
usual manner.

Elongation at *ERyo

Modulus the break Tenacity at  Tensile factor
Heat Hot Drawing 23°C 85°C 95°C 23°C 85°C 95°C 23°C 85°C 95°C wet 23°C 85°C 95°C
Sample pretreatment Conditions dry wet wet dry wet wet dry wet wet (%) dry wet wet
H......... 130°C, 1 minute 5.5:1 at 130°C 108.0 11.6 8.1 11.7 234 419 50 2.1 1.4 995 140 99 8.8
at constant followed by heat
length set at constant
length at 170°C.
Il None....ccoeevvvennn.n, 2:1 at 100°C .......... 52.3 1.7 0.8 21.2 139 320 1.6 08 0.2 536 64 93 34
Konntn NonE...ccoveeriiinennns Sample I further 959 83 6.5 128 231 261 52 1.5 1.1 869 157 7.0 5.5
drawn 3:1 at ’
150°C and hot
relaxed 8% at
160°C.
| SRR None...ooooeeverinnnnn. 2:1 at 85°C fol- 84 5.8 - 16 44 — 45 1.2 — - 180 79 -
lowed by heat
set at constant
length at 170°C. o e S
*ER,»— Elastic recovery for 10% extension.
This example demonstrates the excellent acryloni- o TABLE 1II
trile yarn hot-wet performance properties obtained by
use of the present invention (Sample H) and the im- HEAT TREATMENT ELONGATION AT THE BREAK (%)
H i (i8]}
provement obtained by heat setting .the drawp yarn Tow Boiling Fiigh Boiling
after drawing (Samples I and L). The difference in tem- 40 Solvent - Solvent
perature of drawing between 1 and L is inconsequential 60dpf  12.8 dpf 18 dpf
P Yarn Yarn Yarn
to the results. Sample K represents an acrylonitrile
polymer continuous filament yarn having acceptable None (As-spun) 7 6 238
properties when tested at 23°C. dry but which is infe-  115—free to shrink 15 18 182
s - 115—constant length 123 18 171
rior when compared to yarns processed in accordance 45 130—free to shrink 19 23 189
with the teachings herein and tested under hot-wet con- 130—constant length 145 21 191
ditions 150—free to shrink 8 28 70
. . 150—constant length 110 24 97
Hot-wet modulus or tensile modulus at elevated tem- 175—free to shrink — 26 44
175—constant length — 23 88

peratures is determined by immersing the sample in
water at the test temperature for 1.5 minutes under
zero stress conditions and then stretching the fiber and
plotting its stress-strain curve in accordance with con-
ventional procedures. The modulus value corresponds
to the initial slope of the stress-strain curve.

Tensile factor is calculated by the formula te!?
wherein “t” is tenacity (gpd) and “‘e” is elongation at

50

55

the break (percent). The significance of the tensile fac-

tor determination is discussed in an article by Dr.
Arnold J. Rosenthal, “TEY2%, An Index for Relating
Fiber Tenacity and Elongation,” Proceedings of the
Symposium on Polypropylene Fibers, September 17

and 18, 1964, published by the Southern Research In-

stitute, Birmingham, Alabama.

EXAMPLE I

This example compares in Table III the improvement
developed in continuous filament acrylonitrile yarn of
identical polymer composition spun from low boiling

60

65

“The Tesults of Example III illustrate the elongation
properties of a yarn dry spun from low boiling solvent
systems as compared to a conventional dimethylform-
amide high boiling system and the relative improve-
ments obtained therein by constant length and relax-
ation heat treatments. Constant length treatment yields
superior results with low boiling precursor material.
Free to shrink conditions are best with yarn conven-
tionally spun from a high boiling solvent system, al-
though below the as-spun value of such high boiling
spun material.

The constant length heat treatment may be accom-
plished in various manners obvious to those skilled in
the art. For example, during continuous operations a
multi-wrap, i.e., 25 or more wraps, hot roll process may
be employed or simultaneous, multiple passage through
an elongated oven. Of course, with very heavy denier
yarn, such as for carpet use, heat treatment may be ac-
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complished by inserting wound bobbins in a suitable
overn.

Various modifications will appear obvious to those
skilled in the art, such as the heat treatment of acrylo
nitrile yarns dry spun from other low boiling solvent

systems. Further, the yarn may be of a semi-continuous .

nature. The low boiling solvent system of the said
Champ and Bohrer application comprises acetonitrile
and preferably acetonitrile/water in the proportions of
about 82/18 to 73/27. By the term “low boiling sol-
vent” is meant a solvent system for acrylonitrile fiber-
formable polymers, particularly high acrylonitrile poly-
mers, boiling below about 125°C, more particularly
within the range of about 75° to 100°C, as exemplified
by the acetonitrile solvent of Champ and Bohrer.

What is claimed is:

1. A high acrylonitrile continuous filament yarn of at

12

 least 90 percent acrylonitrile and from about 0.1 to 10
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percent of a copolymerized monomer, said yarn char-
acterized by a residual acetonitrile solvent content of
less than 35 percent by weight and having the following
properties under hot-wet conditions at 95°C., a hot-wet
modulus of at least 6.5 gpd, an elongation at the break
of at least 36 percent, a tenacity of at least 1.32, a ten-
sile factor of at least 8.00 and a permanent set follow-
ing 10 percent extension of about 0 percent.

2. The yarn of claim 1 wherein said hot-wet modulus
is at least 8.0 gpd, said elongation at the break is at least
40 percent, said tenacity is at least 1.35 and said tensile
factor is at least 8.50.

3. The yarn of claim 1 wherein the acrylonitrile yarn

contains from about 5 to 25 percent acetonitrile.
* * * * *



