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This invention relates to the dyeing of textile 
fabrics and more particularly (to dyeing nylon 
fibers and fabrics. 
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 in particular in 2,071,250, 
2,071,253 and 2,130,948. These fiber-forming 
polycarbonamides described in the previously 
mentioned patents are obtained by several meth 
ods, for example, by self-polymerization of a 
monoaminomonohydric alcohol, e. g., monoetha 
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 
monoaminomonohydric alcohol, e. g., monetha 
nolamine, it being understood that these react 
ants can be replaced by their equivalent amide 
forming derivatives. These linear polyamides 
also include polyesteramides, for example, those 
obtained by admixture with other linear poly 
Iner-forming reactants, such as glycol-dibasic 
acid mixtures, or mixtures of hydroxy acids, with 
the previously mentioned polyamide-forming re 
actants. On hydrolysis with hydrochloric acid 
the amino acid polymers yield the amino acid 
hydrochloride, the diamine-dibasic acid polymers 
yield the diamine hydrochloride and the dibasic 
carboxylic acid, and the amino alcohol-dibasic : 
acid polymers yield the amino alcohol hydrochlo 
ride and the dibasic carboxylic acid. In these 
polyanides the average number of carbon atoms 
Separatii.g. the amide groups is at least 2. The 
preferred polyamides 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 filaments, yarns, fibers, fabrics and the 

like, made from the nylon polymers described 
above, which may be referred to more briefly as 
nylon textile articles, when dyed with certain 
types of colors, and particularly with the class 
known as acid dyes, are characterized by uneven 
ness of color application, and depth of shade dif 
ferences due to variation of dye affinity over the 
fiber. Yarns from different bobbins, i. e., spun 
at different times or from different lots of poly 
mer show this effect most clearly. In practically 
every case, yarns treated exactly alike in manu 
facture but from different bobbins are colored to 
a different extent with acid colors when dyed by 
Standard dyeing procedures. These variations in 
yarn dyeing properties are responsible for streaks 
and Shade depth variations in knitted goods and 
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for barré effects and warp streaks in Woven 
goods. Non-uniformity in dyeing behavior of the 
yarn is due to slight variations in chemical com 
position which cannot be completely controlled by 
present manufacturing processes and to variation 
in orientation (draw ratio) arising either in the 
spinning and processing of the yarn or in me 
chanical action of the textile machinery used in 
knitting or weaving of the yarn into fabrics, al 
though other as yet unrecognized causes may 
also be contributing factors. In spite of these 
disadvantages, it is desirable to use these acid 
dyes as they are fast to Washing on nylon. In 
contrast the acetate dyes, which are used exten 
sively in commercial practice, are fugitive to 
Washing but they are not highly Sensitive to nor 
mal variations found in the yarn as described 
above. 
This invention has as an object a method for 

the acid dyeing of nylon with evenness of color 
application and without the resulting streaks and 
shade depth variations that have previously char 
acterized the acid dyeing of nylon fabrics. Other 
objects will appear hereinafter. 
The above objects are accomplished by a con 

trolled-rate dyeing method wherein the concen 
tration of the dyestuff is so extremely dilute that 
the dyebath is practically colorless, this method 
comprising dyeing the nylon by immersion in an 
aqueous dye bath in which the concentration of 
the acid dye in the liquid phase of the bath is 
maintained between 0.1 and 50 parts per million 
based on the aqueous medium throughout the 
dyeing operation. 
I have discovered that nylon fibers can be dyed 

in the above described manner and that when 
they are so dyed they are uniformly colored with 
out the variations in Shade that normally occurs 
in acid dyeing of nylon yarns because of differ 
ences in dye affinity over the fiber length by rea 
Son of variation in orientation, or because of vari 
ation in chemical constitution of the nylon com 
posing the yarn being dyed. - 

In One method for carrying out the invention 
the nylon is immersed in water and the acid 
dyestuff is added with good agitation at a rate 
equal to, or less than, the rate at Which the dye 
Stuff is taken up by the nylon. In a preferred 
procedure embodying this method a section of 
nylon fabric is placed in a bath containing 5% 
of acetic acid based on the weight of nylon pres 
ent. To this is added a dilute solution of dye 
stuff with vigorous agitation at a rate such that 
the nylon absorbs the color as fast at it is added, 
i. e., the bath remains visually colorless at all 
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times. With most acid dyestuffs, this addition 
can be carried out to obtain a hosiery shade in 
about one hour. The nylon fabric is then lifted 
from the dyebath, rinsed with hot water and 
dried. Dyestuff is applied evenly over the sur 
face by this method even though draw ratio of 
the yarn used in preparation of the fabrics 
differs by as much as 4%, or if the fabric is pre 
pared from yarns spun from different lots of 
nylon which, under normal dyeing conditions, 
show wide variation in depth of shade. 
Another method of accomplishing the same 

result is by first applying the color to a medium 
capable of absorbing the dye, such as wool or 
other polymer containing amine groups, and 
then heating the dyed medium and nylon fabric 
together in a dyebath. The dyestuff comes of 
the medium at a very slow rate and is taken up 
by the nylon as fast as it is made available. 
Heating is continued until the desired depth of 

quired for this operation varies with the type of 
the dyestuff applied, and upon the depth of 
shade desired, being generally from about one 
hour to about 12 hours. 
The invention is further illustrated by the foll 

lowing examples in which the parts given are 
by weight unless otherwise stated. 

cample I 
This example illustrates the use of dyed wool 

as a source of dyestuff in the coloration of nylon. 

shade is obtained on the nylon. The time re- 20 

3) 

4. 
containing 300 parts of water, 0.5% Du Pont 
Anthraquinone Green G, Rowe color index No. 
1078, 5% of acetic acid and 10% sodium sulfate 
(percentages based on the weight of nylon pres 
ent) for 1 hour at 100° C. The resulting dyed 
section shows a marked increase in shade depth 
at the point where the yarn of draw ratio 3.99 
was spliced to the yarn of draw ratio 3.82 during 
knitting. 

10 Eacample II 
This example illustrates use of dyed wool as 

a Source of dyestuff coloration of nylon fabric, 
knitted from yarns differing 4% in draw ratio, 
with a range of acid dyes. 
Two parts of wool are dyed with acid colors 

according to the method described in Example I. 
In each case the wool sample is heated together 
with a Section of nylon fabric half of which is 
knitted from a yarn of draw ratio 3.82 and the 
other half knitted from a yarn of draw ratio 3.99 
(a difference of 4%), in a bath buffered to pH 7 
or 4 as shown in the accompanying table. In 
each case the nylon fabric is evenly colored and 
does not show any difference in shade depth 
where the two yarns were spliced together. Dye 
ing of similar nylon sections with these acid 
dyes by the conventional method as described in 
Example I, results in fabric that is distinctly 
more deeply colored on the side knit from yarn 
of draw ratio 3.82 than on the side knit from 
yarn of draw ratio 3.99. 

ours Rowe Peronrt pH of Percent Parts Parts Heating Color Name Dye on Trans- Color on IndexNo. Wool "Wil" Nylon fish TNS No. fer Bath 

430. ------ Du Pont Milling Red SWB--------- 2 5 2.5 7 2 .5 
-- Du Pont Milling Red SW B------- 2 10 2.5 7 5 0.2, 
-- Du Pont-Anthraquinone Blue B--- 2 2,8 . 4. 3 0.5 

1080------ Du Pont Anthraquinone Violet R--- 2 3 1.5 4. 3 0. 

Two parts of wool are washed with alcohol Eacample III 
followed by an ether wash to remove spinning 
and processing oils and the wool is then dried. 45 
The dried wool is placed in a bath containing 
3% of Du Pont Anthraquinone Green G, Rowe 
Color Index No. 1078, and 1% of acetic acid (all 
percentages based on the weight of wool pres 
ent). The bath is heated to 100° C. slowly and 
kept at that temperature for 45 minutes at which 
time a further 2% portion of acetic acid is added 
and heating continued for 15 minutes longer. 
The wool is then Washed and dried. 
The above sample of wool is placed in 300 parts 

of water with 2.4 parts of a section of knitted 
nylon fabric prepared from yarns drawn respec 
tively 3.82 and 3.99 (a difference of 4%) times 
its length as spun from the molten polymer. To 
this is added 5% of acetic acid and 10% of 6 
Sodium sulfate with percentages based on the 
weight of nylon present. This bath is brought 
up to 100 C. and kept at that temperature for 
hour. During this time color slowly leaves the 

wool and is taken up by the nylon. The percent 6 
color in the bath is determined by spectrophoto 
metric methods to be about 0.8 part per million 
based on the aqueous medium. The amount of 
color on the nylon at the end of one hour of 
heating was about 0.5%. This dyed nylon fabric 
is uniformly colored Over the entire section and 
shows no change in depth of shade where the 
two yarns were spiced together in the knitting 
of the fabric. A similar section of nylon fabric 

This example illustrates the advantages of dye 
ing from a very dilute solution by mechanically 
regulating the rate of dyestuff addition slower 
than the rate of dye take-up by nylon. 
Two parts of a piece of nylon fabric similar to 

that described in Examples I and II is put in a 
50 bath containing 0.04 part of acetic acid. To this 

is added a mixture of dye dissolved in 100 partS 
of water consisting of 0.0024 part of the product 
obtained by diazotization of 4-nitro-4-aminodi 
phenylamine-2-sulfonic acid and coupling with 
O-cresol followed by condensation with p-toluene 
sulfonic acid, 0.0044 part of the product obtained 
by diazotization of 4-nitro-4-aminodiphenyl 
amine-2-sulfonic acid and coupling to 1-amino 
naphthalene-7 sulfonic acid diazotized and cou 
pled to phenol and subsequently condensing with 
p-toluenesulfonyl chloride, and 0.0007 part of 
the product obtained by coupling diazotized 4 
amino-4' - methyldiphenylamine-2-sulfonic acid 
to ot-naphthylamine followed by diazotization and 
coupling to 2-naphthol-6-sulfonic acid Over a 
period of 5 hours dropwise with the goods being 
agitated well during the addition of dyestuff. 
The dyebath remains visually colorless through 
out the addition of the dyestuf. After rinsing, 

70 the nylon goods is found to be dyed evenly with 
no blotches and no variation in shade depth due 
to change in draw ratio of the nylon yarn. 

Dyeing a similar section of nylon with the 
same colors in the same amounts in the normal 

knitted from the same yarns is dyed in a bath 75 procedure, i. e., dissolving the colors in water, 
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adding acid and then introducing the nylon, fol 
lowed oy heating to the boiling point, and keep 
ing it at that temperature for 1 hour, leads to a 
piece of dyed nylon fabric that is spotty and that 
shows sharp differences in shade depth where 
draw ratio is changed. 

Eacample IV 
This example illustrates uniform application 

of acid dyes on nylon fabric knitted from yarns 
that show bobbin-to-bobbin shade depth differ 
ences in conventional dyeing procedures which 
are due mainly to effects other than orientation 
(draw ratio) variation. 
Two parts of a section of nylon fabric knit 

from two yarns spun at different times, each of 
which was drawn 3.99 times its original length on 
the same machinery and otherwise processed 
alike in coning and knitting, are placed in a bath 
consisting of 170 parts of water and 0.1 part of 
acetic acid. The bath is heated to 90° C. and the 
same dyestuff mixture described in Example III 
dissolved in 100 parts of water is added dropwise 
over a three hour period with vigorous agitation 
of the dyebath. The dyebath remains visually 
colorless throughout the addition of the dye 
stuff and the concentration of dye was in the 
range of 1 to 10 parts per million. The nylon 
piece is then rinsed and dried. Examination of 
the piece shows that it is evenly colored and coll 
tains no light shaded areas or spots. 

For comparison, a dyeing is made on a similar 
section (2 parts) of fabric knit from the same 
yarns as used above and dyed in the conventional 
manner with the same dyestuff mixture. The 
nylon section is introduced into a dyebath con 
sisting of the dyestuff dissolved in 100 parts of 
water and 0.1 part of acetic acid. The tempera 
ture is gradually raised to 100° C. and heating at 
that temperature continued for 1 hour. After 
rinsing and drying the fabric is colored in two 
sections, one side being much more deeply colored 
than the other with the line of demarcation Cor 
responding to the point at which the two yarns 
were spliced together during knitting. 
The most important factors to be considered 

in dyeing by the method of this invention are 
concentration of dyestuff in the dyebath and agi 
tation of the nylon goods during dyeing. Unless 
dyestuff concentration is kept very low through 
out the dyeing period, variation in dyeing proper 
ties in nylon yarn are not equalized and streaks 
and shade depth difference become apparent. Al 
so unless the nylon fabric being dyed is vigorously 
agitated, spotty dyed pieces are obtained. 
A marked improveninent in the dyed nylon is 

obtained with a concentration of the dyestuff as 
high as 100 parts per million. However, in order 
to obtain the best dyeings, in which the dyeing 
differences in the yarn are completely eliminated, 
concentrations of from 0.1 to 50 parts per million 
and preferably 0.1 to 25 parts per million, based 
on the weight of the water in which the nylon is 
being dyed, are used. 
The dyestuff concentration can be regulated 

in several ways. As has been mentioned previ 
ously, one method is slow addition of very small 
increments of dyestuff so, that nylon absorbs one 
increment before the next is added, and another 
consists in applying dye on a medium capable of 
absorbing dyestuffs which then will slowly lip 
erate the color in a heated water bath, and heat 
ing the medium in such a bath with the nylon. 
Suitable mediums for this purpose are wool, poly 
mers containing amino groups and basic ion 
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exchange resins. Examples of polymers Con 
taining amino groups that are suitable for this 
purpose are polymers and interpolymers of vinyl 
pyridine, 5-ethyl-2-vinylpyridine, etc., e. g. acry 
lonitrile/5 - ethyl-2-vinylpyridine, Still another 
method is to compress the dyestuff into pellets 
which dissolve slowly in the bath. So that color is 
made available for dyeing at a slow or controlled 
rate. 
In carrying out the method of this invention, 

the pH of the bath, temperature, character of 
the dyestuff used, rate of dyestuff addition, and 
rate at which dyestuff is absorbed by the nylon 
are factors, as Will be understood by those skilled 
ln the dyeing art, whicn affect the concentration 
of dyestuff that is attained in the bath. These 
lactors are interrelated as will be explained in 
the following discussion. 

he range or pri at which the dyeing is best 
carried out is from 2 to 7. As pH is decreased 
tie rate of absorption by the nylon increases. 
'Lhreore, at low piti, the rate of dyestuff con 
centration can be maintained sufficiently low. 
On the other hand at high pH, rate of absorp 
tion or dyestuff by the nylon is very much slower, 
So that rate of dyestuff addition must be de 
creased accordingly to maintain satisfactory dye 
Stulf dilut,0n. For example, at a pri O iron 3 
to 4 VIIth most acid dyestuffs as much as 1% based 
On fabric weight can be added in 1-3 hours at 
temperatures of 50-100° C., whereas at a pH of 
from 5 to 7 a much longer dyeing period is re 
quired to achieve the same results. 

Similarly a wide temperature range, as in con 
ventional dyeing practice, can be employed in 
carrying out these dyeings. The preferred range 
is from 50 to 100° C., and more advantageously 
from 75 to 100° C. As temperature is increased, 
rate of dye absorption by nylon increases, al 
though not nearly to the same extent as that 
caused by pH change. Accordingly, the higher 
dyeing temperatures allow more rapid rate of 
dyestuff addition to the bath. Although tem 
peratures below 50° C. can be employed, the rate 
of dyestuff absorption by the nylon becomes so 
slow that the dyestuff addition must be slowed 
down very greatiy to maintain dyestuff concen 
tration in the bath within the desired limits. 

All of the types of the colors known as acid 
dyes are applicable to this invention. However, 
the members of this class vary widely in dyeing 
properties. For example, those known as acid 
leveling acid dyes, of which Du Pont Anthra 
quinone Blue AB (ROWe color index number 1075) 
is an example, are absorbed very slowly by nylon 
at high pH, although absorption is very rapid at 
low pH such as 3 to 4. For this reason it is pre 
ferred to employ baths of low pH when dyeing 
with these colors. On the other hand, the mill 
ing colors, of which Du Pont Milling Red SWB 
(Rowe color index number 430) is an example, are 
absorbed by nylon at a relatively rapid rate in 
dye baths of high pH. With these colors dye 
baths of either high or low pH are satisfactory. 
The amount of dyestuff that may be applied by 

the method of this invention is limited to sub 
stantially the same quantities that may be ap 
pied by conventional methods. However, as dye 
is applied to the nylon, the rate of further dye 
absorption begins to decrease. For this reason, 
if relatively large amounts of dyestuff, e. g., 
to 2% based on the weight of the nylon with 
most colors, are to be applied to the nylon the 
rate of dyestuff addition must be decreased dur 

75 ing the latter stages of dyeing to keep dyestuff 
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dilution in the bath within the limits prescribed 
in the earlier part of this discussion. 
The nylon fabric used in the foregoing examples 

was prepared from hexamethylene adipanide. 
The nylon can, however, be any of the synthetic 
linear polyanides and interpolyamides previous 
ly referred to. The nylon fabric can, for ex 
ample, be woven from yarn prepared from such 
polymers as polyhexamethylene sebacanide, 
polydecamethylene sebacanide, poly - onega 
caproamide, etc., and interpolymers. The poly 
mer from which the fabric is prepared has an 
intrinsic viscosity of at least 0.4 and can be de 
fined as a synthetic linear polycarbonamide 
wherein the average number of carbons in the 
segments of the chain separating the amide 
groups is at least two. 
Additives which tend to reduce nonuniformity 

due to variation in yarn dyeing properties in 
conventional dyeing procedures may be added in 
the process of this invention. These include 
p-aminobenzoic acid, amylene/maleic anhydride 
adduct, isoamyl oxalate, and aniline sulfamate. 
The invention can be readily carried out in 

various forms of available apparatus. The appa 
ratus should be designed to allow free movement 
of the fabric to be dyed and good agitation of 
the bath. Further, arrangements should be made 
for heating the dyebath and for addition of the 
dyestuff at a controlled rate. 
The present invention presents a valuable ad 

O 

the rate of absorption of the dyestuff by the 
nylon, and which maintains the dyebath through 
out the dyeing without appreciable visual color, 
and continuing the addition of the dye solution at 
said rate until the desired depth of shade in the 
nylon article is obtained. 

2. A process for obtaining by dyeing with acid 
dyestuff evenly dyed nylon textile articles, said 
process comprising immersing the nylon article 
in an aqueous dyebath which is without appre 
ciable visual color and which contains a medium 
having acid dyestuff absorbed therein, heating 
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vance in the dyeing of nylon fabrics and par 
ticularly of hosiery since heretofore it has not 
been feasible commercially, despite the excellent 
wash-fastness of acid colors, to dye nylon hosiery 
with these colors because of the extreme differ 
ences in dyeing properties that acid colors show 
on yarn from different packages, that is from 
different lots of polymer. The method described 
herein eliminates the effects of these package to 
package differences in the dyed products and 
yields wash-fast dyed nylon fabrics that are 
remarkably even in color. 
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 by dyeing with acid 

dyestuff evenly dyed nylon textile articles, said 
process comprising immersing the nylon article 
in an aqueous dyebath containing the acid dye 
stuff in the liquid phase in a concentration at 
which the dyestuff is present in amount of from 
0.1 to 50 parts per million based on the weight 
of the aqueous medium, and at which the dyebath 
is without appreciable visual color, adding to the 
dyebath during the dyeing a dilute Solution of 
the acid dyestuff at a rate which is less than 
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the bath containing the nylon article and said 
medium immersed therein to cause transfer of 
the dyestuff from the dyed medium into the bath 
at a rate which maintains the concentration of 
the acid dyestuff in the bath within the range 
of from 0.1 to 50 parts per million based on the 
weight of the aqueous medium, and which is less 
than the rate of absorption of the acid dyestuff by 
the nylon, and which maintains the bath during 
the dyeing without appreciable visual color, agi 
tating the bath during the dyeing, and continuing 
the heating with transfer of the dyestuff from said 
medium into the dyebath at Said rate until the 
desired depth of shade in the nylon article is 
obtained. 

3. The process set forth in claim 1 in which 
the concentration of the acid dyestuff in the 
liquid phase of the bath is from 0.1 to 25 parts 
per million based on the weight of the aqueous 
medium. 

4. The process set forth in claim 2 in which 
the concentration of the acid dyestuff in the liquid 
phase of the bath is from 0.1 to 25 parts per 
million based on the weight of the aqueous 
medium. 
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