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This invention relates to textile materials and
more particularly to improved nylon fabrics and
their manufacture, -

The synthetic linear polyamides known as
nylon and the production of fibers and fabrics
therefrom have been described in a number of
United States patents and in particular in
- 2,071,250, 2,071,253 and 2,130,948, These fiber-
forming polycarbonamides described in the pre-
viously mentioned patents are obtained by several
methods, for example, by self-polymerization of
& monoaminomonocarboxylic acid, e. g., 6-amino-
caproic acid or 12-aminostearic acid, by reacting
In substantially equimolecular proportions a di-
basic acid, e. g., adipic or sebacic acid with a
diamine, e, g., hexamethylenediamine or with a
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monoaminomonohydric aleohol, e. g., monoetha-

nolamine, it being understood that these react-
ants can be replaced by their equivalent amide-
forming derivatives. These linear polyvamides
also Include polyesteramides, for example, those
obtained by admixture with other linear poly-
mer-forming reactants, such as glycol-dibasic
acld mixtures, or mixtures of hydroxy acids, with
the previously mentioned polyamide-forming re-
actants. The polyesteramides, when used in the
practice of the invention described herein, should
contain a ratio of amide groups to ester groups
of at least 109, and preferably 50% or more,
amide groups. On hydrolysis with hydrochloric

acid the amino acid polymers vield the amino

acid hydrochloride, the diamine-dibasic acid
polymers yicld the diamine hydrochloride and
the dibasic carboxylic acld, and the amino alco-
hol-dibasic acid polymers yield the amino alcohol
hydrochloride and the dibasic carboxylic acid.
In these polyamides the average number of car-
bon atoms separating the amide groups is at least
2 and usually less than .12,. The preferred poly-
amides have an intrinsic viscosity of at least
0.4 (defined as in Patent 2,130,948) and a unit
length (defined in Patents 2,071,253 and 2,130,-
948) of at least 7.

The nylons used in the practice of the present
invention are those obtained from reactants of
the above mentioned kind which yield polyamides
having hydrogen-bearing amide groups. The
fibers used are oriented to an extent given by a
stretching or draw ratio of at least 3.5:1, but
usually as high as possible to give high tenacity
filaments.

Although the nyvlon fibers have wide textile
use, fabrics woven therefrom are for certain uses
in garments not wholly satisfactory because of
poor drape, lack of softness, poor wrinkle resist-
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ance, and absence of liveliness or resilience which
renders such fabrics inferior to corresponding
constructions in silk or wool. Frequently, nylons
have been blended with other more resilient
yarns to increase their resilience and other prop-
erties. However, such blends generally possess
inferior properties such as strength, launder-
ability, and water resistance. The heat setting
of woven nylon fabrics, as described in U. S.
Patent 2,565,931 brings about considerable im-
provement in softness and crease resistance, but
the fabrics remain deficient in liveliness or re-
silience, and further improvement is necessary
for the production of high quality garment fab-
rics from all-nylon constructions. Furthermore.,
for many textile uses, improvements in the dye
receptivity, solvent resistance, and melting pomt
of nylon fabrics are desirable.

Treatments of drawn and undrawn nylon as
fiber or fabric with formaldehyde with or with-
out other reactants have been proposed for con-
ferring one or more of the properties of increased
dye receptivity, melting point, solvent resistance,
recovery from deformation and elasticity. In
some instances these treatments result in rela-
tively minor changes with but traces of formalde-
hyde found chemically combined with the nylon.
and In other instances there has been at best
noticeable improvement in but one or a few of
the above mentioned properties. None of the
previous processes of which we are aware have -
yielded products which possess to a like degree
the combination of wvaluable properties which
characterize the nylon fabrics described herein.

This invention has as an object the manufac-
ture of improved nylon fabrics. A further ob-
ject is a nylon fabric having improved liveliness,
fullness, crease resistance, solvent resistance,
mezlting point and dye receptivity. Other ob-.
jects will appear hereinafter.

The above objects are accomplished by treat-
Ing a heat-set fabric, composed of or containing
oriented nylon fibers, with formaldehyde and an
acidic catalyst by a procedure which comprises
impregnating the heat-set fabric with an acidic
catalyst and, while the fabric is maintained at
fixed dimensions against shrinkage. heating the
fabric under anhydrous conditions at a temper-
ature of from 100° C. to 250° C. with formalde- ‘
hyde in the form of a vapor until the nylon in
the fabric contains at least 0.5 by weight of
formaldehyde.

The heat-set nylon fabrics used in the practice
of this invention are obtained by known methods
which in general consist in heating the fabric at
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a temperature within 25° C. of the softening point
of the nylon in the medium in which the heating
is effected. A convenient method is that de-
scribed in the above mentioned Patent 2,365,931,
wherein the fabric is pressed against a heated

surface to a temperature of at least 190° C. and

within 5° to 25° C. below the fusion point of the
fibers. When the fabric is treated while impreg-
nated with an agent which swells or softens the
fabric, the fusion temperature, and hence the
temperature at which heat-setting is conducted,
is lower. For example, the greige or laundered
fabric can be steeped in a 20% aqueous solution
of ethylene glycol for 30 minutes, followed by
wringing, ailr drying, and heating at 150° C.
When glycol is the swelling agent, it is necessary
to remove it since alcohols interfere with the
subsequent formaldehyde reaction of the present
invention. 'This removal can be accomplished
by either a standard laundering procedure or by
simple rinsing in wafter.

The acidic catalysts can be organic or inor-
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maldehyde. The fabric is then suspended in the
vapors of anhydrous formaldehyde at an elevated
temperature. The time and temperature of
treatment will vary with the degree of modifi--
cation which is desired, 15-30 minutes at 130~
150° C. being preferred. Noticeable improve-
ment in resilience characteristics is obtained

- when the fabric combines with at least 0.5% of
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ganic and should be non-volatile in the usual |

sense that they are wholly non-volatile or only
 very slowly volatile at the temperature of treat-
ment. The catalysts of this kind used in the
vractice of this invention are the acids and salts
which vield a saturated aqueous solution of the
catalyst having a pH below 3. While the con-
centration of the catalyst is not of particular
importance, the treatment is most satisfactorily
conducted in a manner that will impregnate the
catalyst in the fiber, or deposit it thereon, in
amount of from 0.1% to 5.0% of the weight of the
- nylon fiber.

In the best method of practicing the inventinn
a woven heat-set fabric is impregnated with a
strong acid or acid-reacting salt, such as oxalic
acid or ammonium chloride, by soaking several
hours at room temperature in a 1% aqueous
solution of the catalyst. Other catalysts include
maleic acid, p-toluenesulfonic acid, phosphoric
acid and calcium chloride.
catalyst in water may be as low as 0.1%. The
catalysts of this invention may also be defined as

The concentration of
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acids which have ionization constants of not less .

than 1.0 %X 10-2 at 25° C. or salts of such acids
with weak bases. Briefer impregnations with
more concentrated solutions or at higher tempera-
tures may be used. The excess catalyst solution
may be removed by passing the fabric through
wringer rolls. Although excess catalyst does not
inhibit the subsequent reaction with formalde-
hyde, its removal is desirable for uniformity of
reaction and to avoid undue tendering of the
fabric during the subsequent high temperature
treatment. The impregnated fabric is then
dried, either at room temperature or at an ele-
vated temperature. A drying temperature of
below 30° C. is preferable to avoid tendering of the
~ fabric. During drying, the fabric should be held
smoothly and under sufficient tension to prevent
wrinkling or undue shrinkage. This may be ac-
complished either by wrapping the fabric smooth-
lv on a tube or by supporting it in a suitsble
frame.

Final treces of moisture are then removed
from the fabric by submitting it to brief heating
at the temperature of the subsequent formalde-
hyde treatment, five minutes in a suitable oven
being satisfactory. It is important that essen-
tially all moisture be removed from the fabric
prior to its treatment with formaldehyde’ vapor,
‘since such moisture degrades the nylon and tends
to inhibit the reaction of the nylon with the for-
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its weight of formaldehyde, and preferably with
at least 1.59%. The amount of combined formal-
dehyde mayv be determined analytically by hy-
drolysis of the treated polyamide with a strong
concentrated mineral acid, followed by neutrali-
zation, addition of excess sodium sulfite and titra.-
tion of the sodium hydroxide generated.

The anhydrous formaldehyde vapor may con-
veniently be generated either by heating massive
paraformaldehyde or by adding powdered para-
formaldehyde to hot mineral oil. Alkaline cata-
lysts accelerate this decomposition.

The acidic catalyst should finally be remsved
from the formaldehyde-treated fabric either by
standard laundering procedures,.or by simple
rinsing in water.

Practice of this invention is illustrated more
fuily by the following examples in whleh amounts
are given as parts by weight

Example I

A satin fabric woven from drawn 3-denier/fila-
ment polyhexamethyleneadipamide yarn was
washed and ironed and then soaked for 40 min-
utes at room temperature in 20% aquecus ethyl-
ene glycol. The fabric was then passed through

a, wringer to remove excess liquid, allowed to dry -

at room temperature for 16 hours, ironed for 3
minutes at 150° C., and thoroughly'rinsed. It was
then soaked for 16 hours at room temperature
in 1% aqueous ammonium chloride solution, ex-
cess solution was removed by passing through
wringer rolls, and the fabric was wound smoothly
on a tube. It was then dried for 5 hours at rcom
temperature, followed by 5 minutes at 150° C. Tt
was then immediately introduced for 15 minutes
into 2 chamber filled with the vapors of anhy-
drous formaldehyvde at 150° C., and was then
laundered and ironed according to standard pro-
cedures. |

The finished fabric possessed an excellent com-
bination of softness, crease resistance, liveliness
The fabric had been rendered in-
soluble in boiling 889 aqueous phenol, it did not
melt at 295° C., and its affinity for acid dyestuils,
e. £., du Pont Anthraqulnene Blue RX0O (Color
Index Number 1076) , was increased. It contained
2.609% of combined fqrmaldehyde, based on: the
weight of the nylon. =~ - |

The following tabulation indicates the marked

improvement in resilience prepert1es which was

- obtained.
.--. —1

| ‘ | Glgepl -set

Greige |Glycol-set ana torm-

Tests Fabric | Fabric altdrggg,ﬁ%e

| | ~ fabric

Crease Angle___.___._.__degrees__ 45 35 20
-Flexometer Resilience._per cent.. 45 43 69
Flexometer Stiffness.. ___... ergs.. 2, 600 2, 000 2, 000

In the above table the crease angle test is de-
scribed in the previously mentioned Patent
2,365,931, It is the angle remaining 60 seconds
after removal of the one kilogram weight from
the folded fabric. The flexometer stiffness and

~
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resilience are determined in the manner described
by H. F. Schiefer in Bureau of Standards Journal
of Research 10 647 (1933). Bends were made
through a 70° angle so that fill threads were bent,
with the face side of the satin in.

Exrample I1

Fabric woven from mixed nylon/viscose staple
was treated according to the conditions described
in Example I. The treated fabric was markedly
improved in softness, liveliness, and crease re-
sistance.

The increased fullness obtained by the present
procedure is a subjective quality, since the treated
fabric feels thicker but is actually thinner by
mechanical measurement.

If the procedure described herein is varied by
including an alcohol, as by adding ethylene glycol
to the catalyst impregnating bath, the product

Is deficient in crease resistance, liveliness and dye

receplivity. If the heat-setting step is omitted,
the product is considerably stiffer, and if the fab-
ric is not maintained at fixed dimensions during
the treatment with formaldehyde vapor, the dye
receptivity is lowered rather than raised. If no
catalyst is used, only traces of formaldehyde are
combined, and none of the improved fabric prop-
- erties are obtained; similar results are encoun-
tered if the fabric is not thoroughly dried after
impregnating with catalyst, or if the formalde-
hyde vapor is not essentially anhydrous. If the

fabric is treated with aqueous formaldehyde con-

taining an acidic catalyst, followed by drying and
baking, the improvements of this invention are
obtained only to a minor extent.

The fabrics treated in accordance with the
present invention can contain the nylon either as
confinuous filaments or as staple yvarn. These
fabrics can contain other types of fibers with the
nylon fibers present in amount of at least 5%,
and preferably at least 256% of the weight of the
fabric.

The treatment of heat-set fabrics which have

already been fabricated into garments comprises
a preferred embodiment of this invention. since
such treatment serves to set or ix the garment
in desirable folds, creases, pleats, ete., in addition
to improving its general liveliness, crease-resist-
ance, and resilience.

Further examples of particular polyamide-
forming reactants that can be used in making
the nylon fibers are dibasic carboxylic acids such
as glutaric, adipic, pimelic, suberic, azelaic, se-
bacic, diglycolic, terephthalic. and p-phenylene
diacetic acids; diamines, such as tetra methylene-
diamine, pentamethylenediamine, hexamethyl-
enediamine, m-phenylenediamine, p-xylylenedi-
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amine, triglycoldiamine and bis(~-p-aminocyclo-
hexyl) methane; and primary monoaminomono-
carboxylic acids such as 6-aminocaproic and 12-
aminostearic. Interpolymers can be used in the
practice of this invention: that is, those obtained
from a mixture of polyamide-forming composi-
tions. |

As many apparently widely different embodi-
ments of this invention may be made without
departing from the spirit and scope thereof, it
is to be understood that we do not limit our-
selves to the specific embodiments thereof ex-
cept as defined in the appended claims.

We claim:

1. A process of improving a fabric comprising
oriented nylon fibers in which the nylon con-
tains hydrogen-bearing amide groups, said fabric
having been heat-set by heating at a tempera-
ture within 25° C. of the softening point of the
nylon, the said process comprising impregnating
sald fabric with an aqueous solution of a non-
volatile acid catalyst, said catalyst being one
which yields a saturated aqueous solution there-
of having a pH below 3, heating the impregnated
fabric at a temperature of 100° C. to 250° C. until
essentially all the moisture is removed from the
fabric, and then heating the dried impregnated
fabric while maintained at fixed dimensions with
anhydrous formaldehyde vapor at a tempera-

ture of 100° C. to 250° C. in the absence of other

reactants until the nylon in said fabric contains
at least 1.59% by weight thereof of combined
formaldehyde.

2. Process as set forth in claim 1 wherein the
dried impregnated fabric is heated at a tempera-
ture of 130° C. to 150° C.

3. Process as set forth in claim 1 wherein the

- nylon is polyhexamethyleneadipamide.
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