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YARN PRODUCT AND METHOD
William L. Aspy, Jr., and Albert FL. Agett, Kingsport,
Tenm., assignors to Eastinan Kodak Company, Roch-
ester, N.Y., a corporation of New Jersey
Filed Mar. 1, 1962, Ser. No. 176,645
3 Claims,  (CL 57—140)

This invention relates to the production of carpet yarn.
More particularly, it concerns the imparting of a plurality
of dye-types to carpet yarn.

In our co-pending application Serial MNo. 150,320, filed
November 6, 1961, of which the present application is
a - continuation-in-part, we have disclosed a high-bulk
carpet yarn and process for the preparation thereof: 1In
said process the tow is heat-set subsequent to being
crimped, the heat-setting at this point of the process im-

parting a high-shrink property to said tow which enables it

to have “a highly desirable, high-bulk and high crimp
recovery upon being tufted into carpets or processed for
other uses. Upon piece dyeing, such a yarn when tufted
into carpets may someiimes exhibit a. characteristic
streaky appearance. Therefore, the minimizing of what
may. aptly be called “carpet streak™ represents a highly
desirable result.. After extended investigation we have
found a way to produce a sait-and-pepper or tone-contrast
pattern which substantially eliminates any such streaky
makeup.

- "It is accordingly one object of this invention to provide
-2 dyed yarn having a salt-and-pepper pattern.. Another

object is to provide a method for the heat-treatment of
yarn to produce a varying dye-acceptability. Still another
object is to provide a method of eliminating streaks in
carpet yarns. A further object is to provide a method of
making modacrylic fibers which have substantially the
same denier and substantially .the same strength but vet
when dyed together-in a dye solution dye to different
lusters and depths of colors. . Other objects will be ap-
parent from the further description which follows.

In its broad aspects this invention comprises using at
least two different heat-setting or tow-drying temperatures
to - produce “different ~degrees of dye-acceptability in
synthetic-filament yarn. Thus the combining of two or
more different dye-affinity types into a yarn of a salt-
and-pepper pattern adapted for use in carpets having sub-
stantially no streaking is possible. Particularly surprising
is that within reasonable controlled limits as explained
hereinbelow this does not tend to cause the yarn to lose
its strength, although prior art indicates that the heat treat-
ment temperature is quite critical and in fact eliminates
shrinkage tendency. Modacrylic yarn is especially suit-
able for heat treatment in accordance with our invention
to produce a novel plural dye-type yarn: By modacrylic

‘we means modified acrylonitrile fibers containing less

than 85% and at least 35% acrylonitrile units in the
polymer for example, such as described in U.S. Patent
Nos. 2,811,409, 2,831,826 and 2,843,572 and in our
abovementioned .co-pending application Serial - No.
150,320.

In one embodiment of our invention we employ- the
following process steps:

(1) Make two. or more different dye-types of con-
tinuous filament modacryiic .yarn. ~The two or -more

-types preferably have a fairly wide difference in dye affin-

ity.

(2) Combine the two or more modacrylic types into a
combination yarn, for example, two-or-three ply.

(3). The yarn may then be dyed or first tufted into a
carpet and then dyed, for example, by piece dyeing, to
produce a salt-and-pepper pattern having tone contrast

:of sufficient magnitude to hide normal variations in dye

take-up.
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According to our invention both dye types may be dyed
with the same shade dye.

The two different’ dye-types of continuous filament
modacrylic yarn are made in the first of these steps by
controlling the level of heat-setting or tow-drying tem-
peratures, that is, by using different levels of heat-setting
temperature for the two or more different dye-types. The
heat setting may be done in tow dryers. In the tow dryer,
hot air is circulated through the tow. According to our
invention the yarn or tow is heat-set in the tow-dryer in
preferably two separate stages.  The temperature may be
somewhat higher in the second stage than in the first,

‘Adjustment of the temperatures to which the particular

tow undergoing heat-setting is subjected in the tow-dryer
provides the degree of dye affinity or dye acceptability
desired, with the result that tow heat-set at one tempera-
ture level may be combined with tow heat set at other
levels into a two-or-three ply or other appropriate yarn.
The yarn may then be dyed as is into a multi-tone yarn
or tufted into a carpet which when piece-dyed exhibits
a salt-and-pepper color contrast which hides any variations
in dye take-up which ‘might otherwise occur, ‘The heat-
setting  temperatures -according. to our invention control
the extent of fiber dyeability. - In other words, the color
blend or appearance of dyed, heat-set modacrylic fibers
or yarn product is affected by the temperature to which
they have been subjected in the tow dryer during heat-
setting. The portion of the yarn which has been heat-set
at high temperatures, dyes to a light, dull appearance
while the portion which has been heat-set at low tempera-
tures dyes bright and dark.

Modacrylic yarns heat-set at tow dryer temperatures
of 90° C. in each of two dryer stages and yarns heat-
set at temperatures of 140° and 150° C. respectively in
first and second dryer stages show good tone contrast
when they are dyed together-in the same dye solution:
We. have produced this tone-on-tone--effect -in carpet
samples tufted of continuous filament modacrylic-yarn
and’ pieced-dyed these colors: Light Green, Light Beige,
Purple, Gold, Maroon, Rose Beige, Brown-and Blue.

By: control of heat-setting temperatures, dye-type ex-
tremes can be made which dye into a sharply contrasting,
salt-and-pepper, tone-on-tone carpet. Yarns -made with
lesser heat-setting temperature extremes can be used where
subtler but variation-masking dye differences are wanted.

Heat-setting temperatures may- also be used to control
denier of crimped- modacrylics. - The measured denier
of crimped, heat-set yarn is markedly affected by the heat-
setting temperature. To have the same measured denier
as crimped yarn-heat-set at 120° and 140° C. respectively
in first and second dryer stages, crimped yarn heat-set at
90° C. in each of two dryer stages should enter the dryer
at 13% higher denier.. On the other hand, to have the
same. measured denier as crimped yarn heat-set at 120°
and '140° C. respectively in the first: and second ‘dryer
stages, crimped yarn heat set at 140° and 150° C. respec-
tively in first. and second dryer stages should - enter the
dryer at 21% lower denier.

Heat-setting temperatures affects not only the dye take-
up and heat-set denier of crimped yarn but also the carpet
hand, which is releated to crimp recovery. ' The higher
the heat-setting temperature, the firmer the hand of
the carpet. Dye take-up teads fo diminish with increased
firmness of hand.

Although the high and ‘low heat-setting temperaturé
ranges do not appear to be critical provided they are suffi-
cient to heat-set the tow and not high enough to damage
it by fusion or the like, we have obtained best results when
the high temperature range for heat-treating one end or
dye-type is from about 120°=150° C. and the low tem-
perature range for another end or brighter dye-typé is
from about 90°-120° C. 'The high-heat drying is pref-
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erably done in two stages, the former being at a lower tem-
perature-than the latter. Best results in such a two-stage
high-temperature, dull-end type are obtained at about
120°-140° C. and 1406°-150° C. respectively. Preferred
in the first stage is a temperature of about 120° and in the
second a temperature of about 140° C. “Although a high-
er temperature may be used in a second stage of the heat-
setting of the low-temperature, bright-end yarn type, we
prefer in this instance to use a two-stage dryer with about
the same temperature in each of the iwo stages. We
have found the optimum for such a two-stage, single-
temperature, bright-end dye-type to be about 110° C.

The high temperature limit of our low temperature tow-
drying may be approximately the same as the low tem-
perature limit of our high-temperature tow-drying. Of
course, to produce at least a slight difference in dye af-
finity, there must be at least a slight temperature differen-
tial between the heat-setting temperature for any two
different dye-affinity types of yarn ends.

The yarn may be dyed after it has been tufted into a
carpet, or before, for example, by skeining and skein-
dyeing. The same color contrast between the brightness
or darkness of the lower-temperature dried yarn and the
‘dullness or lightness of the higher-temperature dried yarn
is‘obtained either way.

Processing limits appear to be the only limits as to av-
erage denier of the yarn which may be heat-set and dyed
to ‘a two-tone color according to our invention. How-
ever, we prefer to use yarn having an average denier of
from about 2,000 to about 6,000,

For a more complete understanding of our invention
reference is made to the attached drawing forming a part
of the present application.

FIG. 1 is a block diagram of an apparatus assembly
that may be used for carrying out our invention. In this
figure dotted lines are used to indicate alternative arrange-
ments, :

FIG. 2 is a drawing of a yarn product according to the
present invention showing a section of a modacrylic yarn
‘carpet as it is described herein and in the appended claims.

Reference is now made to FIG. 1. 1In the spinning
operation 1€ one or more spinning cabinets (not shown)
of any usual dry spinning or melt spinning equipment
construction may be used to produce a plurality of indi-
vidual filaments of suitable denier and cross-sectional
shape, for example 8-16 denier per filament and regular
clover-section, Y or C yarn. More detailed descriptions
of methods of spinning and spinning equipment which may
be used in the process of this invention are found in our
co-workers’ U.S. Patents 2,829,027, 2,750,653 and 3,000,-
053. Yarn ends produced by the spinning operation may
be passed through lubricating zone 12. An appropriate
amount of lubricant may be added prior to a drafting
operation indicated at 14 or after the later heat-setting
operation. - Lubricant may be applied as described in our
. co-workers’ U.S. Patent 2,807,864. After drafting up to
750%, that is, stretching to a length of up to 7% times
their original length, the yarn ends may be subjected to a
jet treatment-at 16. When desired, a small amount of
interlooping may be imparted to the yarn by use of a gas
" jet which may be of a construction such as shown in U.S.
Patent 2,924,868. The pressure may be controlled in
such a way as to limit the amount of looping to the desired
degree. - The yarn may be approximately treated in such
a jet at a speed of take-up approximately equal to or
slightly lower than the input speed. Another method of
jet treatment is disclosed in U.S. Serial No. 102,880, filed
April 13, 1961, of our co-worker Haynes, now U.S. Patent
3,099,064, The yarn ends thus drafted and exposed to
the jet treatment when desired may next be conducted
into a crimping zone 18 prior to drying separate portions
-of the crimped yarn at two different heat-setting tempera-
tures at zones 20 and 22. = At this point the yarn may be
converted to cut-staple form- and processed accordingly,
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packaged for movement to another point for further proc-
essing, or subjected to further processing in continuous
filament form.
cated in the drawing the yarn is first cut into staple at 24,
next carded at 26, then subjected to drawing at 28, and
roving at 30 prior to plying at 32 into a yarn product hav-
ing portions that have been heat-set at- different tempera-
tures. - When continuous filament yarn is used the plying
may be performed substantially directly after the heat-
setting step. When the yarn is cut into staple fiber, after
carding at 26 it may be converted to non-woven fabric
containing yarns heat set at more than one temperature,
as indicated at 34 using an appropriate bonding agent.
After plying at 32 the yarn is formed on cones at 36 from
which it may be tufted into carpet at 38 and then sub-
jected to latexing and curing at 40 and dyed into a non-
streak bi-colored pattern at 42. ~ If it is desired to impart
the characteristic salt-and-pepper effect to the yarn prior
to converting it to a carpet or other appropriate product,
it may be formed into skeins at 44 and then subjected to
an appropriate dye treatment at 46.

In FIG. 2 the characteristic multi-shade or salt-and-
pepper pattern of the yarn product of our invention hav-
ing at least part thereof which has been heat treated at a
different temperature level from a remaining portion. is
clearly shown. '

A further understanding of our invention will be had
from a consideration of the following examples which
are set forth to illustrate certain preferred embodiments.

Example 1.—5400 denier texturized filament
modacrylic yarn

Six ends of 5400 denier texturized filament modacrylic
yarn were heat-set at the conditions delineated in the fol-
lowing chart:

Dryer Dryer Ends Ends
Set-up first second watered forced-air | Strength,
number stage stage at dryer cooled g./d.
temp., temp., entrance | after dryer
°C. °C.

120 140 111
120 140 1,26
120 140 122

96 140 111

96 140 1,19

96 140 0.89

96 140 1.04
140 150 1.15
140 150 1,33
140 150 1.11
140 150 1.19
110 110 1.04
110 110 107
110 110 0.96
110 110 1.04

The above yarns were beaker-dyed brown. The fol-
lowing observations were made as to these yarns.

(1) The yarn heat-set at 110° C. in both two dryer
stages was darker and brighter than yarn heat-set at 140°
and 150° C. respectively in the first and second dryer
stages.

{2) Raicing first and second stage dryer temperatures
from 120° and 140° C. respectively to 140° and 150° C.
produced a duller dyed yarn. Lowering dryer tempera-
tures from 120° and 140° C. respectively to 110° and
110° C. produced a brighter dyed yarn. The latter effect
was somewhat greater than the former. )

(3) The forced-air cooling at dryer discharge appeared
to have dulled the yarn somewhat,

(4) Watering yarn before it enters the dryer apparently
brightened it somewhat, possibly due to a lowered yarn
temperature-in the first dryer stage.

Example 2.—Carpet test of 5400-denier texturized fila-
ment modacrylic yarn dye types

] With standard processing techniques and conditions,
six ends of 5400-denier texturized filament modacrylic

If a cut-staple yarn is to be used, as indi- -
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yarn were heat-set at the two temperature levels shown in
the following chart: : ‘ ‘

6

“stage and 140° in the second dryer stage. -Ail fhree yarns
_were tufted into a carpet in alternate 1%4-inch wide bands.

8 four-foot lengths of this carpet were dyed 8§ different -

Dryer Pime in Average colors, viz., Light Green, Light Beige, Purple, Gold, Ma-
Dryer first stage second stage dryer denier 5 Toon, Rose Beige, Brown and Blue. In every color, the
temp., °C. temp., ° C. (minuates) .
dye contrast was clear. . Yarn skeins were beaker dyed
140 140 9 s osg . all the above eight colors. The skeins also showed a
ENT1 I 110 4 4,357 sharp color: contrast, Yarn preparation conditions were
as follows:

Second Time . . Average

Dryer first stage stage indryer .| Extrusion ; Average | -Average, Stretch, hot water

temp:, ° C. temp., (minutes) -ispeed,” M/M| . denier g./d. percent shrinkags;

°C. percent
140 2 37.2 2689 1.21 45.0 2.38
150 2 43.5 2751 0.8t 29:9 3.37
90 8 310 2866 0.95 36,4 3.37

Portions of yarn heat-set at 140° C. in both dryer
stages were tufted with portions of yarn heat-set at 110°
C. in both dryer stages into adjacent bands in a small
carpet sample. This sample was dyed a reddish light-
brown. The yarn heat-set at 110° dyed to a much darker 95
appearance than that heat-setat 140°.

Example 3~~2700 denier texturized filament
modacrylic yarn dye types

2700-denier filament modacrylic was processed the same g
as the 5400 denier modacrylic in Example 2. Three yarn
types were made at temperatures shown in the follow-
ing chart:

Dryer Dryer Time in Average Hot water - 35
first stage | cecond stage dryer denier shrinkage
temp., ° C. | temp., °C. (minutes) (percent)

110 8 2,225 1.33
140 2 2,525 1.90
140 2 3,030 0.65 40

Some of each of the three yarms, each having been
heat-set at different dryer temperatures, were beaker dyed
brown. There was a progression of tone depth from high
to low heat-setting temperature. 45

Example 4.—Dye difference test of denier-adjusted 2700~
denier texturized filament modacrylic yarn

In this example any possible effect of differences in
denier on appearance of dyed temperature-treated, fila- 5q
ment modacrylic yarn was eliminated. Extrusion speed
was adjusted to compensate for those changes in measured
denier that resulted from changes in temperatures in the
tow dryer.

55
Dryer first stage temp., Dryer Extrusion Average
°C. second. stage speed, measured
temp.; ° C. M/M denier
140 45.0 2,836
110 35.3 2,580 60
140 39.4 2,613

Samples of yarns made at each of the three tempera-~
ture . conditions ‘were simultaneously beaker-dyed brown.
A progressive contrast from dark-dyed at low tempera- g5
ture to light-dyed at high temperature was appatent. The
dark and light areas completely obscured sample-to-sam- .
ple differences and streaking:

Example 5~FEight-color test of two dye-types of
modacrylic yarn 0

Two modacrylic yarns, one heat-set at 90°.C. in both
dryer stages and one heat-set at 140° in the first dryer
stage and 150° in the second dryer stage were made along
with a control yarn heat-set at 120° in the first dryer 75

The- precedinig examples illustrate the production of a
yarn product characterized by at least a portion thereof
comprising yarn heat-set at a different temperature-level
from the remainder.

Although the invention has been described in consider-
able detail with particular reference to certain preferred
embodiments  thereof, variations ‘and modifications can
be effected within the spirit and scope of the invention
as described hereinabove, and as defined in the appended
claims,

We claim:

1. A process for the preparation of a modacrylic yarn
product which comprises the steps of

(1) spinning a plurality of filaments of a total denier

" of from about 2,000 to about 6,000 and a denier per
filament of from about 2 to about 10 from a:solu-
tion of modacrylic polymer;

(2) drafting said filaments to up to' 750 percent of
their original length;

(3) crimping said filaments to from about-5 to about
15 crimps per inch;

(4). dry heat treating a first portion of said filaments
in two stages at temperatures of from about 120° C.
to 140° C. and from about 140° C. to 150° C. re-
spectively;

(5) separately dry heat treating a second portion: of
said filaments in two stages at a single temperature
of between about 90° C. and 110° C.;

(6) combining said first and second portions into a
plied yarn;

(7) tufting the plied yarn into a fabric product; and

(8) piece-dyeing said product to a salt-and-pepper pat-
tern -of sufficient tone contrast to hide substantially
all non-uniform variations in dye take-up.

2. In a process for producing a modacrylic yarn prod-
uct characterized by its ability to be piece-dyed to a salt-
and-pepper - tone-contrast pattern comprising spinning
from a solution .of a polymer containing less than 85%
and at least 335 percent acrylonitrile units, drafting the
modacrylic filaments formed by said spinning of a denier
per filament of about 2 to 10 and a total denier of up to
6,000, and then combining separately heat treated por-
tions of said modacrylic filaments, the improvement step
which comprises dry heat treating a first portion of said:
modacrylic filaments in at least one stage at a tempera-
ture range of 120° to 150° C. while. heat setting said
modacrylic filaments and separately dry heat' treating
a second portion of said modacrylic filaments: at a single
temperature range . of 90° C. to 110° C. while heat set-
ting said modacrylic filaments, accomplishing said sep-
arate dry heat treating of said first and second portions
prior to said combining, and then combining said por-
tions of filaments separately dry heat treated as afore-
mentioned to produce a yarn product adapted for piece
dyeing to a salt-and-pepper pattern of sufficient tone con-
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trast to minimize any non-uniform variations in dye take-
up.
3. A modacrylic yarn product heat set during drying
-and dyeable to a salt-and-pepper pattern of sufficient
~ tone contrast to minimize the effect of any non-uniform
variations. in" dye take-up, said product consisting of a
combination of two portions of modacrylic filaments of a
denier per filament of about 2 to 10 and a total denier
of up to about 6,000 spun from a solution of a polymer
containing less than 85 percent and at least 35 percent
acrylonitrile units, said portions characterized in that
after ‘spinning they were first drafted to up ‘to 750 per-
cent of their original length and crimped to from 5 to
15 crimps per inch, the first portion next dry heat treated
while being heat set in two steps from temperatures
of about 120° to 140° C. and about 140° to 150° C.
respectively, with the second portion separately dry heat
treated while being heat set in two stages at a single tem-
perature of between about 90° and 110° C., and said

10

o
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separately dry heat treated portions of filaments then

combined into a modacrylic yarn product dyeable to said
salt-and-pepper pattern of sufficient tone contrast to
minimize the effect of any non-uniform variations in dye
take-up.
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