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This invention relates to textile fabrics, and 
more particularly to elastic fabrics and methods 
for their preparation. 

Elastic fabrics constructed from covered rubber 
monofils and cut rubber strips are well known. 
These fabrics, which may have a one-way or two 
way stretch depending upon the construction are 
usually heavy and stiff. This results from the 
inability to spin a fine denier rubber thread and 
the need for a relatively heavy covering of a non 
elastic wrapper to provide strength, a dyeable 
Surface, and a more pleasant feel. This special 
fabric, moreover, is expensive to produce due to 
the cost of Wrapping the individual strips, the 
difficulty of weaving and to the complicated 
machinery involved. 
Waluable elastic fabrics can also be obtained 

from yarns spun from a modified nylon known as 
N-alkoxymethyl polyamide. The N-alkoxymethyl 
polyamide is made by reacting the initial nylon 
thigh molecular weight or fiber-forming synthetic 
linear polyamides of the kind described in Pat 
ents 2,071,250, 2,071,253 and 2,130,948) with 
alcohol, formaldehyde and acid catalyst. The 
yarns of N-alkoxymethyl polyamide have a fine 
denier With exceptional elasticity, and can be 
WOWen or knit into highly elastic fabrics without 
the need for a heavy nonelastic wrapping on the 
fiber's. The manufacture of such fabrics, however, 
involves the difficulties incident to weaving elastic 
yarns, and the Weaving must be controlled by 
Special procedures in the same manner as with 
covered rubber fibers. 
This invention has as an object a method for 

obtaining elastic fabrics of the kind just men 
tioned and from similar polyamide material, but 
without either wrapping or weaving of an elastic 
material. A further object is the manufacture of 
fabrics having a one way or two way stretch by a 
method wherein a fabric is prepared from in 
elastic fiber and the fabric then rendered elastic 
by a simple after-treatment. Other objects will 
appear hereinafter. 
The above objects are accomplished by a method 

Which comprises preparing a fabric with a sub 
Stantial proportion of flaments which are con 
posed of the Synthetic linear polyamides described 
in said patents but which are undrawn or but 
partially drawn (and hence unoriented mole 
cularly along the flament axis or Oriented to but 
a minor degree), and then treating the fabric 
with a reaction mixture which comprises alcohol, 
formaldehyde, and an acid catalyst, and which 
produces an elastic fabric through the reaction 
of Said composition with the undrawn flaments 

O 

s 

20 

25 

40 

45 

SO 

2 
to form N-alkoxymethyl polyamide in substantial 
amount. 
The accomplishment of the objects of this in 

vention through the reaction involved in the 
formation of N-alkoxymethyl groups upon a sub 
stantial number of the amide groups in the un 
drawn (i.e., unoriented) portion of the polyamide 
fabric, is based upon my observation that whereas 
the drawn polyamide fiber, which contains well 
ordered oriented hydrogen bonded polyamide 
chains, is essentially unaffected by the above men 
tioned reaction mixture, the undrawn fiber con 
taining polyamide chains in a disordered grouping 
readily react with the formaldehyde and alcohol. 
By this means elasticity is produced within a 
fabric woven from nonelastic fibers, and the prob 
lems of Windup, sizes, twisting and plying, which 
are involved in spinning elastic yarns, is avoided 
by carrying out all the handling and weaving 
steps on a nonelastic yarn, and then contributing 
elasticity as a final step after preparation of the 
fabric. 
The undrawn flaments in the filling (or warp) 

can be converted to an elastic state without 
sensibly affecting the drawn fibers in the warp 
(or filling) which serve to maintain the form 
and strength of the fabric during the treatment, 
thus permitting a successful handling of the 
fabric. Instead of using drawn nylon as the non 
reactive fibers in the warp or filling it is possible 
to use various other nonreactive filbers, for in 
stance, cotton, rayon, silk, Wool or linen in either 
the warp or filling. The fabric treated to give 
the elastic properties should have a preponderant 
amount, e. g., 90%, of undrawn nylon in at least 
One of either the Warp Or filling. A two Way 
stretch fabric can be obtained by applying the 
present process to a fabric in which undrawn 
nylon is used in both the filling and warp, More 
care, however, must be taken in handling and 
control since there is no supporting material to 
help maintain strength and form during the 
treatment. 

It is to be observed that synthetic linear poly 
amide or nylon filaments are inherently capable 
of being cold drawn, that is drawn in the solid 
state under tension, to a permanent elongation 
up to 600% or more of their initial length. The 
undrawn polyamide flaments used in the prac 
tice of this invention includes those which are 
drawn, and hence Oriented, in minor amount of 
the above mentioned elongation possible. More 
particularly, the flaments can be used which 
have not been drawn more than 2:1 or 200%, 
since the reaction still takes place although slowly. 
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In other words, the filaments, if they have been 
subjected to this degree of cold drawing, will be 
capable of being cold drawn to the residual 
amount of at least 300%. This invention, how ever, is most advantageously practiced with nylon 
filaments which are essentially wholly undrawn, 
that is not drawn more than about one-sixth of 
the total amount possible, that is with flaments 
that have not been drawn more than about 100%. 
The fabric prepared from the undrawn poly 

amide fibers as described above is, in the best 
embodiment of the invention, reacted with the 
alcohol formaldehyde and acid catalyst at tem 
peratures of from 60° C. to 80° C., although tem 
peratures from about 50° C. to 90° C. can be 
used. The proportion and concentration of the 
reactants, referred to more particularly herein 
after, can vary considerably, and the time will 
depend on the temperature, concentration of 
the acid catalyst, and on several other factors. 
In general the reaction is continued until there 
has been some swelling of the undrawn filaments 
and is discontinued before there is any substan 
tial solution of the filaments in the reaction 
liquid which would weaken the ultimate fibers or 
mat them together. An excessive period of re 
action causes solution of the polymer in the treat 
ing bath with a resultant loss of material weight 
and eventually complete disintegration of the 
filling and disappearance of the fabric structure. 
The amount of N-alkoxymethyl substitution, 
which is the replacement of hydrogen of the 
amide groups -CONH- in the initial polyamide 
with the group -CHOR wherein R is an alco 
hol radical, is at least 20%, and is preferably 
35%-55%. In other words in the polyamide 
composing the undrawn flaments after the alco 
hol and formaldehyde treatment, hydrogen 
bearing amide groups consisting of at least 20% 
of the total amide groups have been converted 
into N-alkoxymethyl groups. 
The point of optimum reaction can be readily 

recognized as the point of maximum swelling of 
the reactant fiber. The swelling occurs longi 
tudinally and laterally and it is more easily 
recognized as the former so that when the fabric 
reaches its greatest extent it is removed from 
the treating solution and quenched to stop the 
reaction. The quenching is best carried out in 
several steps. The Swollen fabric is initially 
placed in an alcohol, preferably the alcohol em 
ployed in the reaction, although ethanol or 
methanol are satisfactory for universal use. 
After the reagents have been partially leached 
from the fabric the quenching may be stepped 
down towards a pure Water Wash in One Or two 
steps, largely dependent upon the extent of the 
reaction. During quenching the swollen fabrics 
retract to, or slightly below, their original 
length. A direct quench in water tends to cause 
uneven retraction and to produce a rough sticky 
surface on the fiber due to precipitation of a Small 
amount of dissolved N-alkoxymethyl polyamide. 
The following procedure is representative of 

the most desirable and usually used practice of 
the invention: 

Fabric woven from a combination of drawn 
and undrawn polyhexamethylene adipamide in 
the warp and filling, respectively, is immersed in 
a bath consisting of methanol, formaldehyde, 
and an acid catalyst in a ratio of approximately 
5:5:1, and maintained at a temperature of 
60-70° C. After some 15-75 minutes dependent 
upon the temperature and constitution of the 
bath, the fabric is removed and quenched in a 
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wash Solution. The completely quenched fabric 
is found to have excellent elasticity in the direc 
tion of the filling, and to be unaffected in the 
direction of the warp. The practice of this invention is illustrated 
in more detail in the following examples in which 
the amounts are expressed as parts by weight. 

ECarple I 
A plain weave fabric woven on a standard 

ribbon loom with 47 filling ends/inch of 480 
denier, 13 filament undrawn polyhexamethylene 
adipamide and 90 warp ends/inch of 102 denier, 
13 flament polyhexamethylene adipamide, cold 
drawn to a ratio of 5.2:1 was placed in a solu 
tion consisting of 5 parts methanol, 5 parts 
paraformaldehyde, and one part anhydrous 
Oxalic acid. The solution was maintained at 
65° C. for 20 minutes, at the end of which time 
the fabric was carefully removed, washed in 
methanol for 10 minutes, then in a 50:50 meth 
anol : water Solution, and finally in water for 
24 hours. The resulting fabric was slightly 
Smaller in dimensions than originally, but other 
Wise had the same appearance. However, in the 
direction of the undrawn fiber the material was 
highly elastic and could be stretched to as high 
as 100% elongation with a 96% recovery within 
One minute of relaxation. There was no eas 
ticity in the direction of the drawn fiber. 

Eacamaple II 

A plain weave fabric was constructed from 175 
denier cotton with 60 warp ends/inch and 143 
denier, 13 flament undrawn nylon with 50 filling 
ends/inch. The fabric was immersed in a large 
excess of Solution of 5 parts methanol, 5 parts 
paraformaldehyde, and 1 part anhydrous oxalic 
acid at 62-64 C. for 30 minutes. At the end of 
this period the fabric had extended approximate 
ly 100% in width. It was removed and placed 
Successively in methanol, a mixture of equal 
parts nethanol-Water, and in Water. The fabric 
had now shrunk to roughly 75% of its initial 
width but had the same warp length as origi 
nally. The fabric was highly elastic, stretching 
to as high as 200% its original width with great 
er than a 95% recovery of this stretch after re 
laxation. Examination of the individual fibers 
revealed that the cotton was unaffected while 
the nylon was soft and pliable and highly elastic. 
In fact, the separated nylon fibers could be 
stretched as high as 400% with recovery of 95% 
of the stretch on relaxation. 

Eacample III 
A plain weave fabric was prepared from un 

drawn polyhexamethylene adipanide of intrinsic 
viscosity of 0.9 (intrinsic viscosity defined as in 
United States Patent 2,130,948), The fabric was 
constructed from 110 denier, 3 filament yarn 
with 100 warp ends and 50 filling ends per inch. 
A portion of fabric was placed in an excess of SO 
lution containing 5 parts methanol, 5 parts para 
formaldehyde, and 1 part oxalic acid dihydrate 
maintained at a temperature of 65 C. At the 
end of 40 minutes, the fabric was removed from 
the solution and was washed in Water. The na 
terial was found to be slightly shrunk in size, 
pliable and soft. It was highly elastic, recover 
ing completely and rapidly from a 150% elonga 
tion in the direction of both the warp and the 
filling. The cloth before treatment was stiff and 
harsh, and had no reversible elongation. The 
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stretching modulus of the treated fabric was 
much lower than that of the untreated fabric. 
The polyanides which compose the undrawn 

flaments which are formed into the fabrics 
treated by the present process contain hydrogen 
bearing amide groups and are, as has been men 
tioned above, those of the general type described 
in the patents previously referred to. They are 
high molecular weight or fiber-forming polymers 
characterized by an intrinsic viscosity of at least 
0.4 as defined in Patent 2,130,948. The poly 
amides of this kind comprise the reaction prod 
uct of a linear polymer-forming composition Con 
taining amide-forming groups, and can be ob 
tained by several methods including polymeriza 
tion of a monoaminomonocarboxylic acid, by re 
acting a diamine with a dibasic carboxylic acid in 
substantially equimolecular amounts, or by re 
action of a monoaminomonohydric alcohol with 
a dibasic carboxylic acid in substantially equi 
molecular amounts, it being understood that ref 
erence herein to the amino acids, diamines and 
dibasic carboxylic acids and amino alcohols is 
intended to include the equivalent amide-forming 
derivatives of these reactants. On hydrolysis 
with hydrochloric acid the amino acid polymers 
yield the amino acid hydrochloride, and the dia 
mine-dibasic acid polymers yield the diamine hy 
drochloride and the dibasic carboxylic acid, and 
the amino alcohol-dibasic acid polymers yield 
the amino alcohol hydrochloride and the dibasic 
carboxylic acid. The preferred polyamides ob 
tained from these reactants have a unit length 
of at least 7, where "unit length" is defined as in 
Patents 2,071,253 and 2,130,948. The preferred 
polyamides of this kind used in the practice of 
the present invention are those in which the 
average number of carbon atoms separating the 
andde groups is at least two. 
Examples of particular reactants that can be 

used in preparing the polyamides comprise di 
basic carboxylic acids such as glutaric, adipic, 
pimelic, suberic, azelaic, sebacic, diglycolic, 
phthalic, terephthalic, isophthalic and p-phenyl 
ene diacetic acids; diamines, such as ethylene 
diamine, tetramethylenedlamine, pentamethyl 
ene diamine, hexamethylene diamine, m-phenyl 
ene diamine, p-xylylene diamine, and triglycol 
diamine; and primary monoaminomonocar 
boxylic acids such as 6-aminocaproic and 12 
aminostearic. Finterpolyamides can be used in the 
practice of this invention, that is, those obtained 
from a mixture of polyanide-forming compost 
tions. The polyamides previously indicated in 
clude also polymers obtained by reaction of a 
polyanide-forming composition with another 
polymer-forming composition such as polyester 
forming composition. Polyamides that are oper 
able in addition to those already defined are the 
fiber forming polyureas, e.g., polydecamethylene 
urea; polysulfonamides, e. g., the polysulfona 
mide prepared from decamethylene diamine and 
m-benzenedisulfonyl chloride; polyurethanes, 
polythiourethanes, and polyhydrazides. 
With further reference to the reactants used 

in treating the fabrics containing the undrawn 
polyamide, namely, acid catalyst, alcohol, and 
formaldehyde, the acid catalysts are oxygen-Con 
taining acids which produce a pH below 3 in the 
alcohol-formaldehyde solution used and have an 
equivalent conductance, measured at 25 C. in 
0.01 N. concentration in water, no greater than 
370 ohms 1 cm., Such acids do not cause ex 
cessive degradation of the polyanide. Oxalic 
acid in a 5% to 10% solution is particularly 
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suitable. The organic acids which in methanol 
formaldehyde solution produce a pH below 3 are 
preferred. Examples of these in addition to 
oxalic are maleic, fumaric, and the mono-, di-, 
or trichloroacetic acids, and p-toluenesulfonic 
acids. Certain inorganic acids and salts, such as 
phosphoric acid, ammonium bromide and cal 
cium chloride can also be used, but greater care 
and operation within quite narrow limits is nex 
essary to prevent excessive solution or degrada 
tion of the polymer. The useful acids are as 
strong as trimethylactic acid and not stronger 
than p-toluenesulfonic acid. 
Although quantitles as low as 3% and up to 

20% can be used, the most desirable amount of 
catalyst in the reaction solution is, under most 
conditions, from 5% to 10% from the standpoint 
of readily avoiding an undesired degree of solu 
bilization through excess of the catalyst and too 
slow a reaction through an insufficient amount. 
Any primary or secondary aliphatic alcohol 

miscible with the formaldehyde used, for ex 
ample those dissolving 20% or more of paraforn 
aldehyde, can be used in the practice of this 
invention. The lower alcohols of four carbon 
atoms or less are the most advantageous for the 
present purpose because they produce the great 
est degree of elasticity in the final product, and 
also react the most rapidly. Examples of suit 
able alcohols other than methanol are ethyl, iso 
propyl, n-propyl, normal, iso- and secondary 
butyl alcohols which may be employed as well 
as unsaturated alcohols such as ally, methallyl 
and crotyl. Benzyl alcohol, ethylene glycol, di 
ethylene glycol, cyclohexyl alcohol, and glycerol 
are also useful. 
The formaldehyde is preferably used as para 

formaldehyde, although other forms of formalde 
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hyde and formaldehyde-liberating substances 
such as polyoxymethylene can be used. Aqueous 
solutions, however, are not desirable since the 
presence of water inhibits the reaction. For this 
reason the reaction mixture should not contain 
more than 20% water. It is preferred to use 
reaction solutions which are essentially non 
aqueous, namely those containing not more than 
5% water. 
The quantity of formaldehyde and alcohol 

present in the reaction mixture can vary over 
relatively wide limits. The alcohol can be pres 
ent in amount of from 20% to 75% of the reaction 
mixture, these amounts being from 30% to 50% 
for optimum reaction. The reaction mixture can 
contain as high as 75% or as low as 15% formal 
dehyde although for optimum reaction there 
should be from 20-40% formaldehyde present, 
which amount may be determined by titration 
with sodium sulfite, following the reaction: 
HCHO--NaaSOs--HaO->NaSO3CH2OH.--NaOH 
The procedure followed to obtain the most 

advantageous properties varies with a number of 
factors. Thus the use of a high acid concentra 
tion enables more rapid reaction and the use of 
lower temperatures than does a low acid con 
centration. A similar effect results from a high 
formaldehyde content. The time required is de 
pendent upon the nature and quantity of the acid 
and formaldehyde, the temperature, age of the 
reaction solution, degree of Orientation of the 
fiber, thickness of the fiber, and the constitution 
of the polyamide. In general, with the best 
balance of conditions between 5 and 60 minutes 
is the most suitable reaction period. However, 
at high temperatures and high acid concentras 
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tions the required elasticity can be obtained 
within a minute's time while under certain cir 
cumstances as long as 10 hours is necessary. 
A modification of this process comprises the 

application of the above procedure to a polyamide 
fabric in which the synthetic linear polyamide has 
previously been subjected to a cross-linking treat 
ment in the undrawn state. This cross-linking 
can be carried out by reaction of the polyamide 
with formaldehyde and an acid catalyst under 
mild conditions which do not give rise to elastic 
fibers. The cross-linked polyamide is obtained 
by a baking treatment. Fabric containing such 
cross-linked polyamide has greater resistance to 
the effect of organic solvents when subsequently 
treated with formaldehyde, alcohol and an acid 
catalyst to give an elastic fabric, 
The fabric used in the treatment described 

herein can have a variety of forms. The essen 
tial feature for a one-way stretch is an undrawn 
unoriented reactive polyanide fiber woven to 
gether with a nonreactive fiber such that produc 
tion of elasticity in the reactive fiber permits 
elongation of the fabric as a whole. Thus, not 
only a plain weave, but a twill, satin, figure, 
double or gauze weave may be employed. In ad 
dition to the use of drawn, Oriented nylon in the 
non-reactive direction of the weave, it is possible 
and often desirable to use other such nonreactive 
fibers as cotton, mercerized cotton, rayon, linen, 
silk, wool and casein fiber. All these fibers are 
essentially unaffected by the treatment involved. 
It is, of course, not essential that the undrawn 
nylon be in the filling and the drawn nylon in 
the warp, for the reverse is equally operable. 
However, in weaving it is generally most desirable 
to employ the drawn yarn in the warp. 
The production of a two-way elastic fabric by 

use of undrawn nylon throughout is particularly 
attractive. The procedure is the same as for 
one-way stretch, although, as has been previously 
noted, somewhat more care is required in the 
handing of the material during reaction. Not 
only woven, but also knitted fabric can then be 
used. The N-alkoxymethyl polyamide fibers that are 
formed during the treatment of the fabric with 
the reaction solution, and which constitute the 
elastic portion of the fabric are cross-linked in 
the process of formation, so that after isolation 
they are insoluble in alcohols and are essentially 
infusible. It is possible to obtain further cross 
linking by means of certain aftertreatments. 
The fabric may be impregnated with a small 
amount of acid and then baked. For this pur 
pose any organic or inorganic acid, such as malelic, 
oxalic, sulfuric, hydrochloric, having an ioniza 
tion constant greater than 108, can be used. 
Again, unsaturated alcohols may be included in 
the reaction bath, and further cross-linking ob 
tained by impregnation with benzoyl peroxide or 
other organic peroxy compounds followed by bak 
ing or irradiation with ultraviolet light. 

Fabrics of the type described herein having 
what is known as one-way or two-way stretch 
are useful in a number of applications. For in 
stance, they may be incorporated into clothing 
such as girdles, brassières, and other undergar 
ments, bathing suits, hat bands, stocking tops, 
elastic bandages, athletic Supporters, trusses, etc. 
For these and other uses a variety of construc 
tions and fabrics of different weights and de 
grees of elasticity are required. By control of 
the extent of treatment the elastic efficiency and 
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the elastic modulus may be varied over wide lim 
its, thus meeting these requirements. 
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 I do not limit myself to the 
specific embodiments thereof except as defined 
in the appended claims. 

I claim: 1. A process for obtaining elastic fabrics which 
comprises treating at a temperature of from 
50 C. to 90° C. a textile fabric composed of 
fibers comprising flaments of synthetic linear 
polyamide containing hydrogen-bearing amide 
groups and capable of being cold drawn at least 
300% with a reaction solution having a pH be 
low 3 containing not more than 20% water and 
comprising formaldehyde, an aliphatic alcohol 
and an oxygen containing acid catalyst, continu 
ing the reaction until dwelling of said polyamide 
filaments takes place and until the alkoxymethyl 
substitution of the hydrogen of the amide groups 
is from 35% to 55%, and discontinuing the re 
action before any substantial solution of said 
flaments takes place, said alcohol being selected 
from the group consisting of primary and sec 
Ondary alcohols. 2. A process for obtaining elastic fabrics which 
comprises treating at a temperature of from 
50° C. to 90° C. a textile fabric composed of 
fibers comprising flaments of synthetic linear 
polyamide containing hydrogen-bearing amide 
groups and capable of being cold drawn at least 
300% with a reaction solution having a pH below 
3, containing not more than 20% water and con 
prising formaldehyde, an aliphatic alcohol and 
an oxygen containing acid catalyst, continuing 
the reaction until swelling of said polyamide fila 
ments takes place and until the alkoxymethyl 
substitution of the hydrogen of the amide groups 
is from 35% to 55%, and, before any substantial 
solution of said flaments takes place, stopping 
the reaction by immersing the filaments in an 
alcohol, and then, after partial extraction of the 
reactants, immersing the flaments in Water. 

3. A process for obtaining elastic fabrics which 
comprises treating, at a temperature of from 
50° C. to 90° C. with a reaction solution having 
a pH below 3 containing not more than 20% 
water and comprising formaldehyde, an aliphatic 
alcohol and an oxygen containing acid catalyst, 
a textile fabric woven in one of the warp and 
filler directions with fibers non-reactive with 
said solution and woven in the other of Said di 
rections with flaments of synthetic linear poly 
amide containing hydrogen-bearing amide groups 
and capable of being cold drawn at least 300%, 
continuing the reaction of said solution on the 
polyamide flaments until swelling thereof takes 
place and until the alkoxymethyl substitution of 
the hydrogen of the amide groups is from 35% 
to 55%, and discontinuing the reaction before 
any substantial solution of said flaments takes 
place, said alcohol being selected from the group 
consisting of primary and secondary alcohols. 

4. A process for obtaining elastic fabrics which 
comprises treating, at a temperature of from 
50° C. to 90° C. with a reaction solution having a 
pH below 3 containing not more than 20% water 
and comprising formaldehyde, an aliphatic alco 
hol, and an oxygen containing acid catalyst, a 
textile fabric woven in both the Warp and filler 
directions with flaments of synthetic linear 
polyamide containing hydrogen-bearing amide 
groups and capable of being cold drawn by at 
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least 300%, continuing the reaction of said solu 
tion until swelling of the polyamide flaments 
takes place and until the alkoxymethyl substitu 
tion of the hydrogen of the amide groups is from 
35% to 55%, and discontinuing the reaction be 
fore any substantial solution of said flaments 
takes place, said alcohol being selected from the 
group consisting of primary and secondary al 
cohols. 

5. The process set forth in claim 1 in which 
said flaments are essentially wholly undrawn. 

6. The process set forth in claim 1 in which 
said alcohol is one having not more than four 
carbon atoms. 

7. The process set forth in claim 1 in which 
said reaction solution is essentially non-aqueous. 

8. The process set forth in claim 1 in which 
said polyamide is hexamethylene adipamide. 

9. The process set forth in claim 1 in which 
said flaments are essentially wholly undrawn, 
in which said alcohol is one having not more 
than four carbon atoms, and in which said re 
action solution is essentially anhydrous. 

10. The process set forth in claim 1 in which 

O 
said flaments are essentially wholly undrawn 
polyhexamethylene adipamide flaments, in 
which said alcohol is one having not more than 
four carbon atoms, in which said reaction solu 
tion is essentially anhydrous. 

11. The process set forth in claim 3 in which 
said first mentioned fibers are filbers which are 
composed of said synthetic linear polyamide but 
which are drawn and Oriented to the extent at 

10 which they are non-reactive with said solution. 
ALAN K. SCHINEDER. 
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