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This invention relates to polymeric materials
and more particularly to the manufacture and
treatment of solid struciures consisting essen-
tially of synthetic linear polyamides of types such
as described hereinafter. For convenience, the
sald types will be referred to at times simply as
polyamides. Still more particuisrly, this inven-
tion relates to the manufacture and processing of
filaments, fibers, pellicles, ribbons, films, sheets,
and other like structures, consisting essentially
of the sald polyamides, as well as ¢o textile or
other products fabricated therefrom.

The said polyamides as z class are capable of
being spun into filaments that can he drewn to
produce imolecular orientation along their fiber
axes. The resulting oriented fibers, or fabrics
formed therefrom, generally are characterized by
relatively low water absorption, pronounced re-
sistance to deformation and moderately slow re-
covery from sirain, “While these properiies of
the polyamide articles render them especially
suitable for many uses, there nevertheless are a
number of more or less specialized flelds of utility
for which such articles are not altogether satis-
factory. For instance, the low water absorption
capacity of the polyamides makes it considerably
more diflicult to subject them successfully to cer-
tain types of processing for which natural fibers
similar or analogous to wool are especially adapt-
ed, by reason of their relatively high affinity for
moisture, Furthermore, the fact that the water
abscorption capacities of the various polyamides
roughly correspond, in degree, to certain desir-
able physical properties, particularly the ease
with which the polyamides can be set in s form
to which they recover after deformation, iends
emphasis to the need which has arisen for the
development of processes making possible the en-
hancement of the water gbsorption capacity of
polyamide structures.

This invention has as its primary object theye-
fore the production of polyamide structures hav-
ing enhanced water absorption capacities, as well
as improved physical characteristics consequent
thereon, e. g., greater speed of recovery from
strain, increased pliability, and enhanced recov-
ery from deformation, as, e. g., creasing, and aiso
possessing greatly improved dysing characteris-
tics. This invention has as a further object the
appropriate processing of bodles consisting of
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such polyamides, in order to capitalize most ef-
fectively on the said capacities and character-
istics. Still further objects will appear either
expressly or impiiedly hereinbelow.

The aforesaid primsry object is accomplished
by heating in the molien state at amide-form-
ing temperatures a mixture of at least two pre-
formed synthetic linear polyamides, at least one
of which is per se scluble in a member of the
class cousisting of water, aliphatic alechols con-
taining less than five carbon gtoms, and mixtures
of water with aliphatic alcohols containing less
than five carbon atoms, and at least one other
polyamide of which is per se insoluble in said
member, and continuing the heating until g ho-
mogeneous mel} blend is obtained, and prefer-
ably until not more than 10 per cent of the first
mentioned polyamide is extracteble from the
product by prolonged solvent treatment thereof
with the aforesaid member, on cooling of the
product.

The further object specified hereinabove is ac-
complished by treating the solidified melt blend,
in whatever form desired, e, g., fllaments or films.
with the said member. In this treatment the
latter, i. e., water, short chain aliphatic alcohol,
or mixture of water and short chain aliphatic
alcohol functions as g swelling agent, and will
be referred to as such.

Generally, the preferred swelling agent is water
or steam, the same being applied to the mixed-
polyamide structure at elevated temperatures and
for considerable verieds of time. Consequently,
the invention will be described in detail, and illus-
trated in the examples and tables set forth here-
inafter, with particular reference to those em-
bodiments invelving the melt-blending of water-
soluble polyamides with water-insoluble poly-
amides, and the utilization of water or steam as
the swelling egent for the processing thereof.
It is to be understood, however, that the inven-
tion may be practiced in embodiments which,
though generally less advantageous, are never-
theless more or less effective, without the use of
waler or steam; the same being replaced, e. g.,
with mild organic swelling sgents. Thus, low
molecular weight aliphatic alcohols may be sub-
stituted for the water or steam, s methanocl-,
rather than water-, soluble polyamide substi-
tuted for the water-soluble component of the
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mixed-polyamide, and an salcohol-, rather than
merely water-, insoluble polyamide being chosen
for the remaining component of the mixed-poly-
amide,

In any case, the mixed-polyamide structure
generally is oriented, as by cold-drawing or cold-
rolling, prior to subjection tc the swelling treat-
ment, and ordinarily is permitied to shrink more
or less freely during the treatment.

The synthetic linear polyamides used in the
practice of this invention are of the general tvpe
described in Patents 2,071,250, 2,071,253, 2,130,~
523, and 2,130,948. The polymers there described
are high molecular weight products which are
generally crystalline in structure showing X-ray
powder diffraction paiterns in the massive state,
and which are capable of being cold drawn into
fibers showing by characteristic X-ray patterns
molecular orientation along the fiber axis. For
the best flber-forming properties the polymeriza-
tlon reaction should be continued until the in-
trinsic viscosity is at least 0.4.

These polyamides, generally speaking, com-
prise the reaction product of a polyamide-form-
ing composition in which the molecules are bi-
functional and contain two amide-forming
groups, each of which is complementary to an
amide-forming group in other molecules in said
composition.

These polyamides as defined above or as other-
wise identified hereinafter can be obtained, for
example, by self-polymerization of monoamino-
monocarboxylic acids, or by reacting a diamine
with & dibasic carboxylic acid in substantially
equimolecular amounts, it being understood that
reference herein to the amino acids, diamines,
and dibasic carboxylic aclids is intended to in-
clude the equivalent amide-forming derivatives
thereof. Amide-forming derivatives of the amino
aclds include the ester, anhydride, amide, lac-
tam, acid halide, N-formyl derivatives, carba-
mate, and nitrile in the presence of water.
Amide-forming derivatives of the dibasic car-
hoxyHe acids comprise the mono- and di-ester,
the anhydride, the mono- and di-amide, acid
halide, and the following compounds in the pres-
ence of water: nitrile, cyanocarboxylic acid, cy-
anoamide, and cyclic imide. Amide-forming de-
rivatives of the diamines include the carbamate,
N-formyl derivative and the N N’-diformy! de-
rivative.

These linear polyamides include also polymers
obtained by admixture of other linear polymer-
forming reactants, as for instance glycols in the
use of polyester amides, with the mentioned poly-
amide forming reactants. In either instance the
amide group is an integral part of the main chain
of atoms in the polymer, and, In the case of the
preferred polyamides, the average number of
carbon atoms separating the amide groups is at
least two. It should be noted, however, that the
ratio of amide groups to other carbon-noncarbon
linkages in the polymer chain should be at least
1:20 if the products are to exhibit polyamide
properties to a significant degree.

On hydrolysis with hydrochloric acid the
amino acld polymers yleld the amino acid hy-
drochloride, and the diamine-dibasic acid poly-
mers yield the diamine hydrochloride and the
dibasic acid.

Although the fiber-forming polyamides are
preferred, particularly in the case of the “in-
soluble” polyamides, this invention may also be
practiced with the lower molecular welght poly-
amides obtained from selected reactants or by
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stopping the polymerization reaction before the
fiber-forming stage is reached.

Those of the polyamides which are soluble in
water, the preferred swelling agent for the prac-
tice of the invention, are generally found among
the class of polyamides in which heteroatoms of
the oxygen family are present in the main poly-
mer chain. Specific illustrations of such water-
scluble varieties, as well as of other types of wa-~
ter-soluble polyamides, will be found hereinafter,
along with illustrative species of polyamides
which, though insoluble in water, are generally
soluble in those organic compounds which usu-
ally function as swelling agents rather than sol-
vents for polyamides of the fiber-forming vari-
eties.

Ordinarily the mixed blend is prepared with
the use of between 5% and 80% of the more sol-
uble component. Where such component is des-
ignated hereinafter as being water-soluble, such
designation will mean that it is soluble at least
to the extent of 20% by weight in water at 25°
C. The melt blending is effected at amide-form-
ing temperatures, the same being, in general.
above 180° C. 1t is desirable to use temperatures
in excess of 200° C. and preferably in the range
of 250 to 300° C. The upper limit generally is
below 320° C. This limit will vary, however, by
reason of the fact that the polyamides differ
somewhat in the temperature at which deleteri-
ous thermal decomposition takes place. It is de-
sirable to exclude oxygen during the heating.

The following illustrates a preferred mode of
vracticing the invention:

A water-insoluble polyamide and a water-sol-
uble polyamide, each in comminuted form, are
heated together at amide-forming temperatures
to effect complete fusion of the ingredients, the
same being stirred until the mixture is substan-
tially homogensous to the eye, i. e. until the melt
appears to form a single phase without discon-
tinuity. The time required usually is 10 to 60
minutes. As will be shown later, there is evi-
dence that at least some chemical reaction be-
tween the polymers occurs during the melt-
blending. The resultant mixed polymer has a
melting point lying in general near the melting
point of the higher-melting component, which
will in general be the water-insoluble polymer,
and well above the melting point of the true in-
terpolyamide which would be formed by heat-
ing together in corresponding proportions the
monomeric reactants from which the said water-
soluble and the said water-insoluble polyamides
respectively were obtained., The melting point
of a polymer blend of this invention lies close to
that of the water-insoluble component when this
component comprises at least one-half of the
original mixture. Since high-melting points are
desirable in textile fibers, it is preferred to blend
not more than 50% of the water-soluble com-
ponent with the complementary amount of the
high melting, water-insoluble polyamide, in or-
der to avoid extensive lowering of melting point.
In some Instances sufficient blending can be ac-
complished merely by mixing small flakes or
chips of the water-soluble and water-insoluble
polyamides and feeding the mixture to a melt-
spinning assembly in which the mixture is melted
prior to extrusion into filaments or the like and
is kept in the molten condition long enough to
secure a substantially homogeneous blend. In
general, however, superior resuits are obtained
by efiecting melt blending, with stirring, prior
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to feeding the polymer to a meli-spinning or ex-
trusion device.

With reference teo the hereinabove-stated dis-
covery that by far the larger proportion of the
water-soluble polyamide in the product canmnot
be extracted by beiling water, it may be remarked
that even in the case of melt-blends containing
especially high proportions of water-soluble poly-
amides, only one-tenth or less of this component
ordinarily is removed during 72 hours exposure
to boiling water. In fact, the duration of the
meit-blending in the preferred practice of the
invention, may be defined as that perlod which
will vield a product from which, on solidification,
not more than 10% of the soluble compohent
can be selectively extracted.

It may be observed further that the products
of this invention are characterized by their abil-
ity, as nereinabove indicated, to absorb large

amounts of water under $ypical atmospheric con- .

ditions (e. g. 50% relative humidity at 25° C,

while retaining their strength and resiliency.
The water-soiuble polyamide, poly(N-methyl-

trigivcol adipamide)! which is advantagecusly

used in this invention, as shown in Examples V .

and VI, hereinbelow, may be prepared as follows:
Four hundred thirty-eighf parts of adipic acid
and 546 parts of N,N’-dimethyltriglycoldiamine
(CH3NHCHCHO0CHCH2CCHCHNHCH:)  are
dissolved in 1600 parts of ethanol, and the solu-
tion is evaporated nearly to dryness. The di-
amine-diacid salt obtained is purified by recrys-
tallization from ethanol. The szalt is polymerized
by heating it for 3 hours at 220° C. in a sealed

vessel, for 3 additional hours at 250° C. under at- ;;

mospheric pressure, and finally for 9.75 hour at
250° . in vacuo. The polymer is a coloriess,
transparent, viscous fluid which sets to a brittle
zlass at —73° C. and is miscible with water in all
proportions at 25° C. It has an intrinsic viscosity
of 0.35.

The practice of this invention is Hlustrated in
the following examples, in which the parts are
given by weight.

EXAMPLE I

One hundrad twelve parts of polyhexamethyl-
ene adipamide (water-insoluble; intrinsic viscos-
ity, 0.80; meiting point 25¢° C. in air) in the form
of small chips and 48 parts of pulverized poly-
triglycol adipamide (water-soiuble; intrinsic vis-
cosity 0.73; meliing point 160° C.) are placed in
a vessel from which atmospheric oxygen is ex-
hausted by successive evacuation and admission
of oxygen-free carbeon dioxide. The filled vessel
is then heated in a bath of boiling dibenzofurane
vapor (287° C.), complete fusion of the conients
thus being effected. The molten mass is stirred
until substantial homogeneity results. After cool-
ing the mixture {melting point 250° C.), the solid~
ified melt-blend is transferred to the appropriate
apparatus and converted into a yarn of continu-
ous filaments as described in U, 8. 2,130,948.

The yarn is processed by cold-drawing, plying
and twisting to a thread of 30 filaments which is
133 denier in weight and twisted 6 turns per inch.
The sensitivity of this thread to moisture is man-
ifested in its bebhaviour when exposed to super-
heated steam. At 140° C., the steamed threads
shrink 17% in length during 4 hours, while under
the seme conditions threads of polyhexamethyl-
ene adipamide shrink only 5%. The yarn sub-
sequently is woven in g plain weave taffeta fabric

1 Alen denominated N-Methyl polytriglyeol adipamiide,
hereinbelow,

1y

30

B1y]

60

70

8

measuring in the warp 120 threads per inch and
in the woof 56 threads per inch., Exposure of this
fabric to super-heated steam at 140° C, for ¢4
hours causes it to shrink 21% in the direction of
the filling threads and become quite elastic snd
rubbery, so that it recovers rapidly and complete-
ly from a3 10% extension. A similarly treated
fabric of polyhexamethylene adipamide yarn
shrinks only i4% and does not hecome rubbery.

EXAMPLE I

An intimate mixture comprising 35 parts of
polytriglycol adipamide having an intrinsic vis-
cosity of 0.82 and 65 paris of polyhexamethylene
adipamide of intrinsic viscosity of 0.8¢ is pre-
pared by melt blending to substantial homogene-
ity during 3¢ minutes heating at 287° C., with
thorough stirring at intervals during the hest-
ing. A film of this composition absorbs 9% of its
weight of water when aliowed {o come to equili-
brium with moist air at 5¢% relative humidity
and 25° C. Under these typical atmospheric con-
ditions, the completely oriented film possesses
unusual elasticity in the direction of orientation
and recovers nearly completely after being
stretched almost to the breaking point, which
with different specimens is 30 to 40% and in some
instances 45%. 1In conirast with this unique
elasticity, a film melt-cast irom polyhexamethyl-
ene adipamide stretches reversibly only to the ex~
tent of 5 to 10%, or at most 20%, and absorbs
only 2 to 3% water at 580% relative humidity and
25° C.

The blend of water-soluble and water-insolu-
ble polyamides is converted to yarn (100 denier,
30 filaments, 10 turns per inch twist) and woven
in a plain weave, taffeta fabric measuring 109
threads per inch in the warp and 77 threads per
inch in the woof. The water sensitivity of the
constituent fibers permits unusual effects to be
developed in this fabric. For instance, when it
is exposed for 1 hour to ihe action of steam at
15 to 55 Ibs./sq. in. absolute pressure (. e. 100 to
140° C.), the fabric acquires the elasticity of
mildly vuicanized rubber, and shrinks much more
than a similar standard fabric of polyhexameth.
ylene adipamide yarn. The following table shows
how the degree of shrinkage may be pre-deter-
mined by adjustment of the steam pressure and
the temperature, besides furnishing comparative
data with respect to a similar fabric of polyhexa~
methylene adipamide yarn.

TABLE 1
Shrinkage oj steam-treated fabrics

Shriukage of fabrie
from nelt-hlended

o el - Shrinkage  of fabric
YR A 2

and from PHM A ?

Steam prese Tem- PHMA!
sure Ih./fint pera- X e o
{abeobite) tre
Direetion Direction  Direetion Direction
ol warp of filling . of warp . of filling
threads threads | threals threads
(L Dvr cent Ieroeent Per cen! Per cen?
15 1t 3 [0 N X
25 {20 32 153 N N
25 e " n : s
45 B3I 13 N i th
i B3] S 32 15 2

PTGA
TPHMA

When the foregoing mixed polyamide fabric
is soaked or boiled in water and then subjected
to moist heat along with mechanical pressure
against its face for 30 seconds, it develops ex-
traordinarily good recovery from creasing. Such

Polytriglyeol adipaini-le.
Pals henamerthiclene adipamide,
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a treatment advaniageously may be carried oub
by calendering the wet fabric. The “crease
angle,” a measure of the percentage of crease
recovery, is determined by measuring the angle
from the horizontal to which a folded 1 inch
square of fabric refurns in 30 seconds, upon be-
ing allowed tc unfold after the crease has been
set in by the pressure of a 1 kilogram weight for
1 minute. Wet calendering temperatures of 150
to 220° C. appiied fo the said fabric produce dn-
ished cloth whose crease recovery is considerably
greater than that of an otherwise identical fabric
woven from polyhexamethylene adipamide yarn,
as shown in the following table.

TapLe IT
Crease recovery of wel jabrécs

E
I “Crease

, i fz-zggle" of "(‘n-asc
A . - alendering | fabric from ! nele’ of
Pre-treatment temperature ,mclt -blenied © Al ,Je( of
PTGA tand | S OT
i pEMAs | PHMA
Sngking 16 hrs. in wa-! °C, Degrees 1 Degrees
ter at 23° C.. 152 ; 13 36
Do. . 186 20 hit)
Bmlmg 1hr. in water . 152, 12 29
. 185 8 21
Dn.__. P 220 1 s

1 PTG A—Polytriglyeol adipamide.
i PHM A—Polyhexamethylene adipamide.

EXAMPLE I

A mixture of 150 parts of peiytriglycol! adip-
amide (intrinsic viscosity, 0.83) and 850 parts of
polyhexamethylene adipamide (intrinsic vis-
cosity, 0.84) is melt blended by heating with in-
termittent stirring for about 30 minutes at 285° C.
and then is melt-spun at aboui 280° C. into flla-
ments which are converted by the usual pro=-
cedures to yarn (90 denier, 30 filament, 10 turns
per inch twist) and thence to a plain weave tafieta
fabric measuring 100 threads per inch in the
warp and 70 threads per inch in the woof. The
water-sensitivity conferred on the fabric by the
presence of the water-soluble but unextractable
component of the yarn is such that{ wet-calender-
ing confers on the fabric unusual and highly de-
sirable crease recovery, the same heing approxi-
mately of the order of that shown in the case of
the mixed-polyamide fabric of Table II, and
contrasting sharply with the crease recovery of
polyhexsmethylene adipamide fabrics of the
prior art.

Polyhexamethylene adipamide has poor re-
ceptivity for vat colors, and, furthermore, these
dyeings crock badly. 'These difficulties are over-
come by the use of polytriglycol adipamide melt
blended with polyhexamethylene adipamide.
Skeins of yarn melt-spun from the blend con-
taining 15% of the water-soluble polyamide com-
ponent and §59% polyhexamethylene adipamide
are dyed with vat colors by the sodium hydro-
sulfite method commoniy used in commercial
dyeing practice. Table III lists a comparison of
the receptivity of the yarn with that of rayon?
and with that of polyhexamethylene adipamide,
when skeins of the various fibers are dyed in in-
dividual baths. As can be seen from the table,
the yarn prepared from the water-soluble and
water-insoluble polyamide components has a re-
ceptivity for vat colors equal to that of rayon.
Furthermore, these vat dyeings on the yarn of
the blended polymer do not crock.

! ’I he term, ““rayon,” as used in this specification, {3 Intended to
designate regenerated cellulose rayon, of the type spun frem viscoso.
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Tasre HI
‘ Dye ab
: Concen- | sorbed by 2&%3&" Eg%gg'
: N tration | yarnof15%
Dye color index No. by by
oé dg{;’ P ’I(;GB‘;L; PHMA3| rayon
® PHMAS | vam | verm
Anthraquinone vat
dye having color in. | Percent Percent Percent | Percent
dex No., 1113 ... 3 96 40 96
Anthraquinone vat !
dye having color in- i |
dex No. 1132.. ... .. ® | 40 i 80
Anthraquinone vat | {
dye hnving color in- |
dex No. 1163.... ... 5. 06 16 4]
Indigoid vat dye hav- | |
iny color index No. ; |
84 5 8 00 : a6
{ ' i

1 PTQ A——-Pol¥ triglyecol adipamide.
3 PHM A—Polyhexamethylens adipamide.

Skeins of yarn melt-spun from the product
obteined from 15% of the water-soluble com-
ponent and 85% polyhexamethylene adipamide,
skeins of polyhexamethylene adipamide yarn, and
skeins of rayon are dyed in individual baths con-
taining direct colors., As can be seen in Table IV
the yarn containing the water-soluble and water-
insoluble polyamide component has a receptivity
comparable to that of rayon for direct colors.

TaBLE IV
S - . oy m—
Dye
Concen- abg;’flbé%?}' Dyeab- | Dyeab-
Dye color index | tration | ' un from | sorbed by | sorbed by
No. of dys (B P’I‘G 41| PHMA3} rayon
bath nn 257, yarn yarn
PHMA 3
Direct dye having ;
oolor index No. | Percen! Per cent | Per cent | Per cent
............... 2 95 | 25 5
Dlrcct: dye having | | .
color index No. :
382 ... 2} 9 ! 2} w
Iirect dye having j i ;
eolor -index No. t
365. ... C e 2 i 95 25t j:t)

P'[‘(}A—Polytrivl) ol adipmnido
2 PHMA—Polybexawmnethylene adipumide.

Skeins of yarn melf{-spun from the blend pre-
pared from 15% of the water-soluble component
and 85% of polyhexamethylene adipamide, skeins
of polyhexamethylene adipamide yarn, and skeins
of silk are dyed in individual baths containing
neutral dyeing acid colors. As can be seen in
Table V the yarn prepared from the melt blend
of the water-soluble and water-insoluble poly-
amide components has a receptivity comparable
to that of or greater than that of, silk for neutral
dyeing acid colors.

Neutral dyeing
acid dye having |
color index No. | : i ;

() e oeeeemen e ; 2 | [ :

’ P’FGA-—PO]{ triglycol adipamide.
? PHMA—Polyhexamethylono adipamide.

When knit goods prepared from polyhexa-
methylene adipamide yarns differing in the de-

TABLE V
R - N e ! -
by Dby'é b i
Congcen- | 30S0rved by Dye ab-
Dye color index | tration mrerl.t(-)srpl%g’ sorbed by ‘ D{’)"(fg
No. ofdye | JE Mo e PEM A Sorbed by
bath Y al yarn silk yarn
c
i PHMA S
N ; JO U
Neutral dyeing | i
acid dye baving | Per cent i Percent Percent ' Per cent
index No.833.... 4 03 37 ) 03
1
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gree {o which they have been drawn, in the solid
state, by as much as 4% are dyed with acig, di-
rech, or vat colors, & pronounced celor junction
appears 8t the union of the sections of fabric con-
taining the differently drawn ysrns, the section
knit from the lesser drawn yarn absorbing more
color than the section knit from the move highly
drawn yarn. EKnit goods prepared from the melt-
spun yarn of 15% polyirigiveol adipamide and
85% polyhexamethylene adipamide differing in
the degree to which they have been drawn, in
the solid state, by as much as 4% are dyed uni-
formly and evenly with aeid, direct, and vat
colors, Accordingly, the level-dyeing properties
are improved as wall ag the dye receptivity of the
modified polymer over similar properties of poly-
hexamethylene adipamide.

The polyamides of this invention have g greater
affinity for basic Colors and chrome dyss than do
polyamides such as polvhexamethylene adip-
amide, ‘Typical examples of useful basic colors
are those having color indices of 657, 749, and
815, Examples of useful chrome dyes are those
of color indices 1069, 180, 216, 219, and 720,

The polyamides of this invention also have o

good affinity for dyestuffs of the cellulose acetate
class. Thus fabrics knitted from cold drawn yarn
spun from the meli biended polyamide of Ex-
ample IIT are satisfactorily dyed in a 1% bath
of cellulose acetaie color having Color Index
Pr43.

EXAMPLE IV

By the procedure described in the foregoing ex-
amples, a series of melt-blends ars prepared by
heating with intermittent stirring 2% 185° C. for
about 30 minutes polyiriglyeol edipamide (n-
trinsic viscosity, 0.84) and polyhexamethylene
adipamide Untrinsic viscosliy, 0.83) in verying
proportions. The physical properties which char-
acterize the resulting compositions are indicated
in the following $abls, along with corresponding
data for the unblended componends and for the
interpolymers made from the same proportions
of the corresponding raonomeric ingredicnis. 1%
will be noted that the melting points of the melt~
blends of pre-formed polymers are significantly
higher then the melting points of the inter~
olymears.

TABLE VI

Properties of meli-blends of polyiriglycol adip-
amide and polyhexzamethylene adipemide

~ 1
. | '
Proportions of i
Tngredients Meli-blend
;.J\‘i eltd I?mr-
len polymer
melting | melting bWateir };r!o?ggg;%u
A point point { &bsorption
PTGA | PHMA? (saturated lost{ron
| st 25° C)) | _Vaier
} extraction
°r. o, Per cent Per eent
H 3100 247 247 6.0 0
0.5 99.5 287 v L. 0.1 i
1 9% 246 1 .. .. 9.1 0.1
o2 93 245 4 L. 8.9 0
I 4 6 244} ... 10.1 0.5
! 8 . G2 242 —— e 0.7 0.6
P20 RO 1 244 224 13.7 1.2
23 65 1 9242 293 21,1 2.2
50 s0 0 290 1 a0 34.6 45
G5 35 235 wy o)
8 20 215 R . U B
[ 10 145+ 4]A2
j 3100 [ R ioh ! L L S 100

1 PTGA—Polytriglyeol adipamide.

! PEM A—Polyhexamethylene adipamide.
3 For comparison.

4 Toses strength.

5 Dissolves.
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EXAMPLE V

Intimate mixtures of N-methy! polytrigiycol
adipamide (inirinsiec viscosity, 0.35) and poly-
hexamethylene adipamide C(ntrinsic viscosity,
0.81) in the proportions shown in the following
table are prepared by melting them together with
intermittent stirring in the absence of oxygen at
288° C. for about 30 minutes. The table furnishes
& gulde to the proper choice of proportions nec~
essary for obtaining products with desired melt-
ing polnts and waler absorpiion or extraction
properties.

TapLe VIT
Proportions of ingredicnts Water gbsorp- | Proportion
tion of melt- | of welght
Né‘g%‘t‘g and lost on
- A i (snturated) at wator
N-MPTGA ! |PHMAS 25° C. extraction
Percent Pereend °C., Pereens Percens
10 0 242 13.5 1]
20 80 235 18.0 .5
40 60 230 36 3.8

1 N-MPTGA—N-methylpolytriglyeol adipamide,
? PHM A—Polyhexamethylene adipamide,

Oriented filins of a melt blend comprising 20%
N-methyl-polytriglyeol adipamide and 80%. poly-
hexamethylene adipamide are dyed with vat, acid,
end direct colors by the usual methods of com-
mercial practice, The foliowing 'Table VIIZ
shows the improvement in receptivity of the ori-
ented films of the melé blend over that of the
oriented fillms of polyhexameihylene adipamide.

TFasLe VIII
Dye
absﬁo]rbed rby D
Concentra- ms o e
Dye eolor index No. tion of meglf -2%‘1;11(1 nb;ﬂo}xmfby
dyebath | yypTEAY PHMA
and 80%
PHMA 2
VAT COLGRS

Anthrequinone dys hav- | Percent Percent Percent

m%xc:lor index No, 1163, & 26 50
Anthraquirone dye hav-

ing color index No. 1113. b 296 40

DIRECT COLORS

PDirect dye baving color

index No. 365...._...... 2 95 25
Direct dys having color

fndex No.382._._....... 2 95 25
Tirect dye having color

index No. 875 ... 2 95 25

ACID COLORS

Acid dye baving color in-

dex No, 1d_.._......... 2 85 2
Acld dye baving color in-

dex No, 430 _._._.__.._ 2 0 12

! N-MPTGA—N-methyl polytriglycol adipamide.

? PHMA—Polyhexamethylene adipamide.
EEAMPLE VI

A melt-blend is formed by stirring and heating
for about 30 minutes at 285° C. in the sbsence
of oxygen 100 parts of N-methyl polyiriglycol
adipamide (Intrinsic viscosity, 0.35) and 900 paris
of an interpolymerization product (melting point,
161° C.; intrinsic viscosity, 1.00) of 40% hexa-
methylenediammonium adipate, 30% hexameth.
yienediammonium sebacate, and 30% epsilon-
caprolactam. Pellicles of this composition
{(melting point, 145° C.) are conditioned to differ-
ent moilsture contents st 25° C. by the following
methods: (1) thorough drying in a chamber de-
hydrated by phosphorus pentoxzide, (2) exposure
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for 24 hours to stmosphere st 50% relaiive hu-
midity, and (3) soaking in water. The pellicles
with the highest moisture comtent {(conditioned
by method 3 are very resistant to the usual
embrittling influence of low temperatures. For
example, they are siill capable of being celd
drawn when cooled to —85° C. and therefore are
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Melt-blended mintures of water-soluble poly-
amides with watec-insoluble polyamides other
than those already specified, together with fig-
ures furnishing a guide to the proper choice of

§ rroportions for obtaining optimum balance be-
tween melting point and other characteristics,
will be found in the following table.

Taprg X
ettt lemds of water-goluble and waler-insol-
»ble polyamides
Waetersolubls poiyamids (1) Water-tnsoluble polyemide (2) Ratlo of | Meliing
(3):(2) point
°C.
Acocanan N-methy) polytzigiyeo! edipamide.| Intezpolymerization product of 60% hoxamethylenediammeonium adi- 10:80 180
pas ard 40% epsilon-caprolectam.
B. Js . SO B 2 YGOSR 20:80 175
[ o PR SO £\ SOOI NP s 0 e ame e emmmmmem o mm b em e me e sseoeoesnaemacecoe 40:60 135
77 40:60 115
pate, $0% hexsmethylensdiammonijum sebacate and 20% epsilon-
ceprolscion.
20:80 185
5:95 215
10:90 214
20:80 210
36:65 214
50:60 210
5:95 02
10:680 206
20:80 204
35:86 192
50:50 200
5:856 186
10:60 185
20:80 184
35:66 183
&0;50 171

well adapted for applications at the low tem-~
peratires which may be met in practice, e. g.,
during outdoor winter exposure. The imporiance
of the water absorbed is demonstrated by the
fact that the pelifcles of the same material con-
teining less moisture {conditioned by methods
i or 2) sre adversely affected by cold. These
contrasts ave emphasized by determinstions of
the cold crack tempersturs, . e., the lowest {em-
peratures to which the conditioned peliicles can
be cooled without losing thelr capacliy to with-
stand fracture when fiexed. The resulis of these
determinations are set forith in the following

tabie. ” qapie IX
Coid crack temperatires of moisture-conditioned
films

i
Waoter

a‘bsog;r)tiom ‘Cold crack

melt-blepd | fomPOTStITe
at25° C,

1

Method ¢f conditioning

With reference to Table X, it should he re-
membered that some of the water-insoluble poly-
amides, e. 2., 4,8, C, D, P, Q R, S,and T, are
soluble in mixtures of water and alcohol (20%
water and 80% ethanol) and can be used as the
soluble component in the practice of this inven-
tion when blended with polyamides insocluble in
glcohol or salcohol-water mixtures. This em-
bodiment of the invention is Hlustrated in the
following example.

BEAMPLE ViI

The interpolymerization product (soluble in
86:20 mizture of ethanol and water) of 60% of
hexamethylene dismmonium adipate and 40%
of epsilon-caprolactam is meli-blended at 285° C.
with stirring with an equal weight of 8ber-form-
ing polyhexamethylene edipamide (insoluble in
ethanol-water mixtures) until & homogeneous
product is obtained. The resulting melt-blend
is spun into yarn and the yarn oriented by cold-
drawing until the yarn had g residual elongation
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Pescent - "lc. of shout 20%. As shown by the following iable,
T Below —£8 this yarn has betier dyelng properties than yarns
3.11 —-2310-30 @¢ spun from polvhexamethylene adipsmide alone.
Tasrn XX
Dye sbsorbed Dys absorbed by—
3 Taterpotp. |Dye sbsorbed
Concantra. | o1 1BLErDOIY- | Dy6 81500
- merization { by polyhexa-
Dye color index No. u%‘ gg g}ye product and %emylme
polyhexa- edipamide { Rayon Sitk
methylene
edipamide
Per connd Per eent Per cent Per eent | Per cent
Noutral dyeing acid having C. X. No. 114..... 2 7% 28 75
Moeutral dyeing acid baving C. I. No. - 2 0
Diraot dio hnvin;;g O, ¥. No. 818... - 2 80
Vat ¢ye having €. I. No. 1118.... - 5 €0
Vat dye having C. L. No, Pr. 124, - 1 [£4]
Vat dye having O, Jo N@o 110)eneenenoancaann 8 80
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Suitable water -~ soluble polytriglycolamides
other than those varieties which have been dis-
closed hereinabove, include polytriglycol N,N’-
piperazinediacetamide®, polytriglycol N-methyl-
iminodiacetamide®, polytriglycol 5-hydroxy-1,9-
nonanedicarbonamide, polytrigiycol diglycolam-
ide*, and the interpolymerization producis of:
triglycoldiammonium adipate (85 parts), hexa-
methylenediammoenium adipate (14 parts), and
triglycoldiammonium 4¢-ketopimelate (1 part):
or triglycoldiammonium adipate (85 parts}, hex-
amethylenediemmonium adipate (16 parts), and
triglycoldlammonium 4-ketopimelate (5 parts) *;
or triglycoldiammonium adipate and 6-amino-
caproic acid containing at least 75% of the for-
mer; or triglycoldiammonium digiycolate (50
parts) and hexamethlylenediammonium glycol-
ate (50 paris)*; or triglycoldiammenium digly-
colate (70 parts) and hexamethylenediammoni-
um adipate (30 parts) *; or triglycoidiammonium
adipate and decamethylenediammonium seba-
cate containing at least 90% of the former; or
triglycoldiammonium adipate and hexamethyl-
enediammonium sebacate containing at least 85%
of the former; or triglycoldiammonium adipate

and hexamethylenediammoniuvm adipate con-.

taining at least 85% of the former.

Of the water-soluble polyamides just listed,
those marked with an asterisk ordinarily are to
be preferred, since they are soluble at least to
the extent of 50% by weight In water at 25° C
The remaining polymers in the list are satisfac-
tory in many instances, however, since they are
at least 20% soluble by weight, In water at 25°
C. The significance of the stated 20% or, pref-
erably, 50% solubilities arises from the fact that
the extent of unique characteristics possessed by,
or producible in, the products of the invention
corresponds generally {o the degree of inherent
solubility of the more soluble polyamide of the
mizture in water, or whatever other swelling
agent may be employved in place thereof.

Additional examples of water-soluble poly-
amides suitable for use in the practice of the
invention include polydiglycol digiycolamide,
polyethylene N-methyliminodiacetamide, polydi-
glycol N-methyliminodiacetamide, and poly-4,7-
dioxadecamethylene adipamide,

Mixtures of two or more water-soluble poly-

amides of course may be employed 83 the water-

soluble component. It is to be remarked, fur-
thermore, that the suitable water-soluble poly-
amides are not limited $o fiber-forming poly-
amides, although it is desirable that these poly-
amides have infrinsic viscosities of at least 0.2.

As the water-insoluble component, any fiber-
forming polyamide or interpolyamide, or & mix-
ture of two or more of them, advantageously may
neused. In addition t5the water-insoluble poly-
mers mentioned in the foregoing examples, the
following are suitable: polytetramethylene adip-
amide, polyletramethylene suberamidse, polytet~
ramethylene sebacamide, polysctamethylene
adipamide, polydecamethylene p-phenylenediac-
etamide, poly-p-xylene sebscamide, polypenta-
methylene adipamide, polypentamethylene seba-~
camide, and $-aminononancic acid polymer.
Since it is"frequently desired to achieve a high
melting point in the product, water-insoluble
polyamides having melting points above gbout
235° C, are preferred. The first six of the poly-
amides just listed are exampies of such preferred
ingredients.

As is evident from Examples IV and V, the
properties of the polyamide mixtures which are
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responsive to the hot water or steam treatments
in accordance with the invention, depend on the
proportions of water-soluble and water-insoluble
Ingredients. The optimum qualities are achieved
by the use of water-soluble polyamide in the pre-
ferred proportions of 15% to 50%. Since the
highly water-soluble polyamides are more effec-
tive than their less soluble analogs, however,
when used in the same proportions, it has been
found desirable to use higher proportions, pref-
erably at least 15% or higher, of the water-sol-
uble component, if it is soluble in water to the
extent of less than 50% by welght.

The melt-blends of this invention are not iden-
tical with simple mixtures or with the corre-
sponding interpolyamides, as demonstrated by
the following facts: (1) The major proportion
of the soluble component (s) of the melt-blends
is not exiractable, while non-meit-blended mix-
tures (including heterogeneous melts) such as
are obtained by mixing the components in & mu-
tual soivent which is subsequently evaporated,
can easily be separated infto thHe-original com-
ponent polyamides by treatment with a selec-
tive solvent; (2) as indicated in Example IV, the
melt-blends have significantly higher melting
points than the corresponding interpolyamides.
A plausible explanation for these facts is that
the process of melt-blending involves some chem-<
ical reaction, presumsably amidé interchange,
which unites the molecules of the constituents to
a slight degree; but in postulating this explana-
tion the applicants do not intend to be in any
way bound thereby or limited thereto.

Although the water-soluble plus water-insol-
uble polyamide mixtures in most instances are
preferred, in view especially of the relatively
low cost of water as compared with cther swell-
ing agents and its use in dyeing and finishing
operations, there are several counter-balancing
advantages in the use of mild organic swelling
agents, rather than water, which advantages on
occasion may outweigh those inherent in the use
of water. In such case the water-soluble poly-

5 amide component can be replaced with a com-

ponent soluble per se in the said organic swell-
ing agent, as hereinabove explained. The said
relative advantages of the organic swelling agent
may include ease of removability, as in the case
of low boiling alcohols, increased activity at lower
temperatures as compared with water, and de-
creased tendency to corrode equipment and con-
sequently to contaminate the mixed-polyamide
article undergoing treatment.

The mild swelling agent which may be em-
ployed in the practice of the invention generally
are hydroxylated organic substances, which in-
clude not only the low molecular weight aliphatic
alcohols such as methanol, ethanol, isopropanol,
and butanol, but also ethylene chlorohydrin and
benzyl alcohol.

Typical alcohol-soluble polyamides suitable for
melt-blending with alcohol-insoluble polyamides,
such as polyhexamethylene adipamide, in the
practice of the invention, include poly (N-methyl-
triglycol adipamide) and the interpolymerization
product of hexamethylenediammonium adipate
(40 parts), hexamethylenediammonium sebacate
(30 parts), and epsilon-caprolactam (30 parts).
Polyamides soluble in alcohol-water or alcohol-
chloroform mixtures can also be used as the sol-
uble components. An example of this type is the
polyamide derived from hexamethylenediammon-
ium adipate (preferably 40 to 60 parts) and 6-
aminocaproic acid (preferably 60 to 40 parts).
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Polyester-amides such as those derived from di-
amine, dibasic acid and glyccl, also are useful,
provided a swelling agent is chosen which, though
a solvent for them per se, is & non-solvent for the
polyamide with which they are to be melt-blend-
ed. As g rule, the solubility of the ester-amide
polymers increases as the percentage of ester con-
tent increases.

One of the foremost advantages of the mixed-
polyamide products of the invention is their elas-
ticity in the form of fabrics and foils. The elastic
fabrics obtained by finishing trestments such as
described in Examples I, IT and III are suited for
the types of garments which require a greater
extensibility than can be attained with natural
fibers. Fabrics possessing untisually high recov-
ery from creasing, such as that of Example II,
are, like wool, in great demand for textile uses,
e. g. for garments in which impermanence of ac-
cidental creasing is highly desirable. Such fab-
rics are distinctly superior in this respect to the
more crease-retentive synthetic fabrics of the
prior art. _

In connection with the superior dyeing char-
acteristics of the mixed polyamide products of the
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invention, illustrated in Tables XIi-V, VIII, and °

X1, hereinabove, it ‘may be remarked that the
products have especially good receptivity for dyes
in printing. A wide variety of dyes can be used
in the printing pastes. Useful dyes include vat
colors, e. g. those of color indices 1095, 1101, 1133,
1151, 1184, and 1212, acid colors, €. g., those of
color indices 27, 234, 561, 581, 801, and 1053; di-
rect colors, e. g. those of color indices 561, 581,
and 814; basic colors, e. g. those of color indices
815 and 922; chrome colors, ¢. g. ¢olor having in-
dex number 720; oxidation colors, e. g. oxy black
base (p-amino diphenyl amine) ; Celanthrene col-
ors, e. g. 1-methyl amino anthraguinone; and
acetamide colors, e. g. dispersible dyestuff from
aniline azo alpha naphthylamine azo pherol. A
few typical examples follow.

EXAMPLE VIIT

The printing paste used consisted of 20 parts
of vat color having Color Index No. 1184 and 80
parts of a composition prepared by incorporating
15% potassium carbonate, 15% sodium sulfoxyl-
ate formaldehyde and 5% glycerine in a suitable
thickening gum such as starch, British gum, trag-
acanth or karaye. The paste is printed on poly»
hexamethylene adipamide fabric and on a fabric
made with melt-blended polyamide of the type
described in Example III. After printing the
fabrics are partially dried, aged for 5 minutes in
vat color ager, oxidized, rinsed, soaped, rinsed,
and dried to give a blue pattern in the imprinted
areas., 'The blue pattern is brighter on the fab-
ric made from modified polyamide than on the
polyhexsmethylene adipamide fabric.

Discharge prints can be made with the above
paste printed on grounds dyed with dye of Color
Index No. 487 (Scarlet) or Acetamide Blue GFA.

EXAMPLE IX

A printing paste consisting of 2 parts of 1-
methyl amino anthraquinone, 28 parts of water,
and 70 parts of textile gum is printed on fabric
made of melt-blend polyamide made by the proc-
ess of this invention. After drying, the fabric is
aged for 10 minutes in a vat color ager, soaped,
rinsed, and dried. A brilliant scarlet print is ob-
tained. -~

For discharge printing the above printing paste
can be mixed with 10% of stannous chloride or
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titanous chioride and printed on a ground dyed
with p-amino acetanilide azo para cresol to give
a scarlet illumination design on a yellow ground.

The mono nucleus anthraquinone bodies used
as dyestuffs may be mono- or poly-amino anthra-
quinones which may bhe substituted in the nucleus
or in the amino group or in both.

The resilient pellicles made of the blends of
this invention are especially useful as self-sup-
porting films for wrapping purposes and the like.

Since many apparently widely different em-
bodiments of this invention may be made without
departing from the spirit and scope thereof, it is
to be understood that we do not limit ourselves to
the specific embodiments thereof except as de-
fined in the appended claims.

We claim:

1. A process for obtaining an improved poly-
amide composition having g relstively high melt-
ing point and enhanced affinity for dyestuffs
which comprises heating at amide-forming tem-
peratures below that at which destructive decom-
position occurs, & molten mixture of at least two
preformed synthetic linear polyamides, at least
one of said polyamides being water soluble at
least to the extent of 20% by weight at 25° C.
and at least another of said polyamidesbeingwa-
ter insoluble, said soluble to insoluble polyamides
being by weight in the range 5:95 to 80:20, each
of said preformed polyamides being one which
on hydrolysis with hydrochloric acid yields sub-
stances of the class consisting of (a) monoamino-
monocarboxylic acid hydrochlorides and . (b)
mixtures of diamine dihydrochloride and dibasic
carboxylic acid, continuing the heating at said
amide-forming temperatures until the molten
polyamides form a single phase without disconti-
nuity snd until a substantislly homogeneous
product is obtained on solidification from which
not more than 10% of said soluble polyamide can
be selectively extracted by water, then solidifying
said polyamide composition.

2. A process for obtaining an improved poly-
amide composition having & relatively high melt.-
ing point and enhanced afbnity for dyestuffs
which comprises heating at amide-forming tem-
peratures between 250° to 300° C., & molten mix-
ture of at least two preformed synthetic linear
polyamides, at least one of said polyamides being
soluble at least to the extent of 20% by weight
at 25° C. in a solvent selected from the group
consisting of water, aliphatic alcohols of less
than five carbon atoms and mixtures of water
and said alcohols, and at least another of said
polyamides being insoluble in said solvent, said
soluble to insoluble polyamides being by weight
in the range 15:85 to 50:50, each of said pre-
formed polyamides being one which on hydrol-
ysis with hydrochloric acid yields substances of
the class consisting of (@) monoaminomonocar-
boxylic acid hydrochlorides and (b) mixtures of
diamine dihydrochloride and dibasic carboxylic
acid, continuing the heating at said amide-form-
ing temperatures until the molten polyamides
form a single phase without discontinuity and
until a substantislly homogeneous product is ob-
tained on solidification from which not more
than 10% of said soluble polyamide can be selec-~
tively extracted by said solvent, then solidifying
sald polyamide composition.

3. An improved polyamide composition having
a relatively high melting point and enhanced af-
finity for dyestuffs comprising the reaction prod-
uct obtained by heating at amide-forming tem-
peratures below that at which destructive decom.
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' 'posltion occum. & molten xmxture of at least two -

_.preformed synthetic linear polyamides, at least

“-one of sald polyamides being water soluble a.t
‘least. to the extent of 20% by weight at 25° C

and: atleast another of sajd: polyamides being'
‘water insoluble, said ‘sciuble to’insolible poly-

: _ K )
improved polyamlde composttion obtained by

_heating at amide-formlng temperatures below:

that at which destructive decomposition occurs, &

" molten mixture of at least two preformed syn-

amides béing by weight in the range 5:95 to -

. 80:20, esch of said preformed polyamides being

one which on hydrolysis with hydroshioric acid: »

‘ylelds substances of the class consisting of (a):
mohoaminomonocarboxylic acid . .hydrochlorides

10.

_thetic linear polyamides, at least one of said poly-
‘amides being water soluble at: least to the extent
‘of 20% by weight at:25° C. and at least another

of ‘said - polyamides being " water insoluble, said
soluble -fo inscluble: polyamides ‘being. by weight
in the range 5:95.to 80: 20, each of said -pre-

" formed polyamides. being one which on hydrolysis

. and (b)Y mixtures of diamine diliydrochloride and: -
-=.class ‘consisting -of '(4) ‘monoaminémonocarbox-
I"ylic. acid hydrochlorides and (B mixtures of di-

-dibasic carboxylic acid, continuing the heating at_
said ‘amide-forming temperatures until the mol-
“ten poiyamides form & single phase without dis-
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.continuity and until a substantially homogene- -

ous product is obtalned on soclidification from
which not more than 10% of said soluble poly-
amide can be selectively extracted by water, then
solidifying sald poiyamide composition,

4. An improved polyamide composition having
a relatively high melting polnt and enhanced af-
finity for dyestufls comprising the reaction prod-
uct obtained by heating at amide-forming tem-
perafures between 250° {o 300° C., & molten mix-
ture of at least two preformed synthetic linear
polyamides, at least one of said polyamides be-
ing soluble at least fo the extent of 20% by
welght at 25° C. In & solvent selected from ' the
group consisting of water, aliphatic alcohols of
less than five carbon atoms and mixtures of wa-
ter and said alcohols, and ¢ least another. of
said’ polyamides. beirig insoluble in said solvent,

said soluble to insocluble polyamides  being by
weight in the range 15:85 to 50:50, each of sald:

preformed polyamides ‘being one which on hy-
drolysis with hydrochioric acld yields substances
of the class consistihg ¢f (z) monoaminomono-
carboxylic acid hydrochlicrides and (b) mixtures
of .diamine dihydrochioride and dibasic carbox-
ylic acld, continuing the heating at said amide-~
forming temperatures umtil the molten poly-
amides form a single phase without discontinuity
and until o substantislly homogencous product is
obtained on solidification from which. not more
than 10% of sald soluble polyamide can be selec-
tively extracted by said solvent, then solidifying
said polyamide composition.

B. The product of claim 3 wherein the soluble
polyamide is polytrigiveo! adipamide.

. 8. The product of claim 3 wherein the insolu-
bie: polyamide is polyhexamethylene adipamide.
.m. An article of manufacture comprising an
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with ‘hydrochloric acid yields substances of the

amine dihydrochloride and ‘dibasic carboxylic
acid, continuing the heating at said amide-form-
ing temperatures until the molten polyamides

‘form a single phase without discontinuity and

until a substantially homogencous product is ch-
tained on solidification from which not more
than 10% of said soluble polyamide can be selec-
tively extracted by water, then solidifying said
polyamide composition and incorporating therein

. @& swelling agent.

8. A dyed article of manufacture comprising
an improved polyamide composition obtained by
heating at amide-forming temperatures below

-that at which destructive decompostiion occurs,

" & molten mixture of at least two preformed syn-

thetic linear polyamides, at least one of said
polyamides being ‘water soluble at least to the

. extent of 20% by weight a%.25° C. and at least
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another of sald polyamides being water insolu-
ble,. said soluble to-insoluble polyamides being by
weight in the range:5:95 to 80:20, each of said
preformed  polyamides being one which on hy-
drolysis with hydrochloric acid yields substances

-of the class consisting of (a): monoaminomono-

- ¢arboxylic gcid hydrochlorides ‘and- (b) mixtures
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‘of diamine dihydrochloride and dibasic ¢arbox-

ylic ‘acid, continuing the heating at sald amide-
forming = temperatures ‘until ‘the molten poly-
amides form a single phase without discontinuity
and until & substantially homogeneous product is
obtained on sclidification from which not more
than 10% of sald soluble polyamide can be selec-
tively extracteéd by water, then solidifying said

. polyamide composition and incorporating there-
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in a dye composition..
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