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1. 

This invention relates to a method of modify 
iing acrylonitrile polymeric structures. More 
Specifically the invention relates to a method of 
in proving the dye absorption capacity of fibers, 
films, or other structures, fabricated from high 
acrylonitrile polymers, 

Polyacrylonitriie and copolymers of 80 or more 
percent by Weight of acrylonitrile and up to 20 
percent of a comonomer are conventionally fabri 
cated into fibers and films by dissolving the poly 
mer in suitable solvents and extruding the viscous 
Solution through suitable dies or spinnerets. The 
extruded Solution is passed into a medium which 
i'erroves the Solvent and causes the polyner to 
be precipitated in a solid continuous form. If 
the medium into which the solution is extruded 
is Water, or other licuid in which the Solvent is 
fiscible, the process is known as a “wet' method. 
The 'dry' in ethod, where coagulation is effected 
in air or other gaseous attanosphere, produces fier 
of better knot strength, higher bulk density, and 
Softness than Spinning into water. Moreover, 
solvent recovery is simpler when the “dry' method 
is uSed. Although the methods hereinafter de 
Scribed may be utilized in treating filins, rods or 
other extruded shages, the most important appli 
Cation is in the treatment of threads, yarns and 
fabrics, categorically referred to in the following 
specification as 'fibers.' 
The fiber forming acrylonitrile polymers are 

polyacrylonitrile and copolymers of 80 percent or 
more by weight of acrylonitrile and up to 20 per 
cent of methacrylonitrile, vinyl acetate, vinyl 
dine chloride, methyl acrylate or other alkyl ac 
rylate, methyl methacrylate or other alkyl meth 
acrylate, ethyl fumarate, ethyl maleate, or other 
alkyl esters of fun aric and maleic acids, styrene, 
vinyl chloride, or other olefinic mononers capable 
of foriting copolymers With acrylonitrile. Such 
polyAnei's are in Soluble in all common. Solvents, 
have good tensile Strengths, low moisture absorp 
tion, high elasticity and other properties which 
are desirable in Synthetic fibers. 
Although acrylonitriie polymer fibers which are 

wet spun can be dyed without serious difficulty, 
the dry spun fibers are difficult or impossible to 
dye by conventional procedures. This inherent 
deficiency greatly restricts the utility of fibers, 
and the fabrics made therefron. Accordingly, 
the fundamental purpose of this application is to 
provide a means of improving the dye affinity of 
the acrylonitrile poiymers. A further purpose is 
to provide a useful general purpose fiber from a 
dry spun acrylonitrile polymer. - 

It has been found that dry spun fibers of acrylo 
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nitrile polymers, which have very little or no dye 
a finity, may be converted into dye susceptible 
fibers by contacting them with aqueous Solutions 
of zinc chloride. Since it is known that concen 
trated Zinc chloride solutions Will completely dis 
Solve the fiber, at elevated temperatures, it is 
necessary to adjust the CO) centration of Zinc 
chloride, the temperature of the solution, and the 
period of contact. So as to avoid undue deprecia 
tion of the desired fiber properties. The nature 
of the action involved is not fully understood, 
since contact under comparable conditions with 
other known solvents, for example aqueous 
lithiuri bromide, will not produce the same effect. 
Although the effect is probably a surface action, 
it is not a permanent, alteration. A fiber, after 
sufficient contact With zinc chloride Solutions to 
improve the dye accepting characteristics, will 
retain these characteristics after all of the Zinc 
chloride is Washed out, as long as the fiber re 
mains moist. However, if the fiber is dried the 
Surface regains its original condition and is no 
longer dye receptive. Accordingly, no permanent 
easily recognized physical change of the fiber 
Surface takes place. 
A Wide range of operating conditions are prac 

ticable, for example concentrations from 45 per 
*cent zinc chloride to saturation (81% at 25 C.; 
86% at 100° C), temperatures from 5° C. to 
100° C., and periods of time ranging from a few 
seconds to 60 minutes or more. The effect of 
varying these conditions Inay readily be deter 
mined by one skilled in the dyeing art. Sirmilarly, 
One skilled in the prior art may select conditions 
to Suit the individual requirerinents of the article 
being dyed, the equipment to be used and the 
facilities available. Some concentrations of zinc 
chloride, for example in excess of sixty percent 
are undesirable at temperatures above 60° C., be 
'Cause of the short duration of time required for 
propér treatment, this being particularly true of 
fiber of Small denier, and fabrics prepared there 
from. The optimum conditions are 30 to 60° C., 
and zinc chloride concentrations of 50 to 70 per 
cent, whereby Substantial variations in color in 
tensity can be secured by variation of contact 
time Within ranges readily controlled, so as to 
inSure reproducibility of desirable results and 
to avoid fiber injury. 

Because of the unknown nature of the phe 
nomena, and the absence of a readily detectable 
change in the fibers it is sometimes difficult to 
determine the point at which the fiber treatment 
is adequate for the desired dye effect. In gen 
eral the treatment should be long enough to per 
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mit the desired dye operation, without the Sacri 
fice of physical properties. Through the use of 
a pre-determined zinc chloride concentration and 
a pre-determined temperature, within the above 
described optimum ranges, the period of time re 
quired for maximum dye effect without deteriora 
tion of fiber properties may readily be determined 
by an examination of the fiber or fabric. Once 
the optimum conditions are established continued 
operation under controlled conditions will insure 
excellent dyeing characteristics without loss of 
desirable physical properties. The optimum 
conditions will vary with the contour of the poly 
mer structure, the molecular weight of the poly 
mer and the chemical composition of the polymer, 
and accordingly, the operating conditions must 
be determined for each fiber or fabric to be 
treated. 
The modified surface after treatment with 

zinc chloride solutions is receptive to a wide 
variety of dyestuffs, including acid dyes, basic 
dyes, direct dyes, acetate dyes, and Sulfur dyes. 
Accordingly, a wide variety of colors and color 
shades may be obtained by conventional dyeing 
techniques. As described above, the dye opera 
tion must be performed while the fiber is still 
moist with the zinc chloride solution or with 
the wash water which has removed the zinc chlo 
ride solution. The zinc chloride treatment and 
the dyeing steps may be conducted as Separate 
operations with or without an intervening wash 
ing step. If desired the zinc chloride treatment 
may be effected in the dyeing bath, in which case 
it is necessary to use dyes which are sufficiently 
soluble in the concentrated zinc chloride solution. 
This latter method of simultaneously pre-treat 
ing and dyeing the fiber is particularly useful be 
cause of improved wash fastness of the resulting 
fibers or fabrics. It will be readily apparent that 
under these conditions conventional dye proce 
dures are readily adaptable to the dyeing of 
acrylonitrile fiber and fabrics prepared there 
from. 
Although this fiber treatment method is pri 

marily useful in developing dye affinity in dry 
spun acrylonitrile polymer fibers, it is also useful 
in improving the normal dye affinity of Wet Spun 
acrylonitrile polymer fibers. In the treatment 
of wet spun fibers less rigorous conditions of 
streatment are required. Accordingly, lower con 
centrations of zinc chloride, lower temperatures 
of treatment or shorter periods of time may be 
used to develop the same optimum dyeing chair 
acteristics. 

Further details of the practice of this inven 
tion are set forth with respect to the following 
Specific examples. 

Eacanple 1 

Cast films, five mils in thickness, of a copoly 
mer of 97 percent by weight of acrylonitrile and 
three percent vinyl acetate were prepared, and 
after treating the samples with various concen 
-trations of aqueous zinc chloride Solutions for 
.various periods of time at 60° C., the samples 
were dyed by immersion in a dye bath for one 
hour at 60° C., and thereafter washed with Water 
for one hour. The dye bath used in these ex 
periments was comprised of 1250 cc. of water, 
two grams of acetic acid, ten grams of Sodium 
chloride and one gram of a dye concentrate 
known and sold commercially as "Acid Green CC, 
Extra Conc.' (C. I. 666). The following table 
describes qualitatively the appearance of the 
films after dyeing and washing, describes the 
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4. 
variation in color intensity with the concentra 
tion of zinc chloride in the treating bath and 
the duration of time of contact with the treating 
bath. 

Intensity of Color 
Concentration 

Time, 
Minutes, 2 

Time, Time, 
Minutes, 5 Minutes, 60 

Light. 
60-------------------------- Dark------ Very Dark-------------- 

Eacample 2 
Three pieces of knitted fabric prepared from 

a dry spun fiber of a copolymer of 97 percent 
acrylonitrile and three percent vinyl acetate were 
immersed in a 60 percent zinc chloride solution 
at 30° C. for two seconds, fifteen minutes, and 
two minutes. The samples were immediately 
Washed in a stream of water for one hour and 
then immersed in a dye bath containing one 
gram of "Acid Green CC Extra Conc.,” two grams 
of acetic acid, ten grams of sodium chloride and 
1250 grams of water. An untreated piece of the 
same fabric was used as a control. All samples 
emained in the dye bath for One hour at, 60° C. 
After Washing the dyed samples for one hour it 
WaS found that the intensity of color increased 
progressively with the length of pretreatment, 
Whereas practically no dye pickup took place on 
the untreated fabric. 

Eacample 3 
Using the technique described in the preceding 

eXperiment, Samples of cloth were pre-treated 
for thirty Seconds and two minutes, except that 
"Xylene Fast Red P' was used as the dye. Ex 
cellent deep shades of red were obtained with 
the pre-treated samples, whereas an untreated 
piece of fabric used as a control absorbed prac 
tically no dye. 

Eacample 4 
The procedure of Example 2 was repeated ex 

cept that a dye bath of 450 grams of water, 3.5 
grams of Sodium chloride and 0.5 gram of “Tri 
Sulfon Brown B Conc.' (C. I. 561) was used. The 
treated fabrics took the dye well and resulted 
in deep brown colorations, whereas an untreated 
control Sample was substantially unaffected. 

Eacample 5 
The experiments of the preceding three exam 

ples were repeated using a conventional dye bath 
involving "Indo Carbon CLGS,' 'Victoria Green 
WB,' and "Nacelan Scarlet WB.' In each case 
bright intense shades of color were developed 
on the pretreated fabrics, whereas little or no 
color was absorbed on the untreated fabrics. 

Eacample 6 
A piece of knitted fabric of a dry spun fiber 

of a copolymer of 97 percent acrylonitrile and 
three percent vinyl acetate was simultaneously 
treated and dyed by immersion for two minutes 
at 30° C. in a dye bath containing 100 grams of 
60 percent Zinc chloride solution, one gram of 
"Acid Green CC Extra, Conc.,' two grams of 
acetic acid and ten grams of sodium chloride. 
After dyeing the fabric was washed thoroughly 
With Water. The resulting fabric developed in 
tense green color which had wash fastness supe 
rior to a similar Sample treated with zinc chlo 
ride Solution and dyed in separate operations. . 
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Eacample 7 
A ten filament, 168 denier yarn prepared by 

dry spinning a copolymer of 97 percent acrylo 
nitrile and three percent vinyl acetate Was treat 
ed by immersing it in a solution of 60 percent 
aqueous zinc chloride for two minutes at 30 C. 
The treated yarn was found to have a tenacity 
of 2.12 grams per denier, an elongation of 24 
percent, and boil shrinkage of 6.65 percent. Un 
treated pieces of the same yarn had a tenacity 
of 2.15 grams per denier, an elongation of 17 
percent, and boil shrinkage of 6.15 percent. The 
treated sample was found to dye readily in con 
ventional dye formulations, whereas the untreat 
ed fabric could not be dyed. 
The invention is defined by the following 

claims. 
We claim: 

... A method of dyeing a fiber of a polyner of 
a sororneric composition of Which at least 80% 
by Weight is acrylonitrile, which comprises treat 
ing the fiber with an aqueous solution of at least 
45% zinc chloride at 5° to 100° C. for a period of 
0.5 to 60 minutes, contacting the fiber to an aque 
gas de bath of an acid dyestuff, and drying the 
dyed fiber. 

2. A method of dyeing a fiber of a polymer of 
a monomeric composition of which acrylonitrile 
is at least 80% by weight of the polymerizable 
content, which comprises contacting the fiber 
with an aqueous solution of at least 45% zinc 
chloride at 5° to 100° C. for a period of 0.5 to 60 
minutes, Washing the treated fiber with Water, 
contacting the wet fiber with an aqueous dye bath 
of an acid dyestuff, and drying the dyed fiber. 

3. A method of dyeing a fiber of a polymer of 
a monomeric composition of which at least 80% 
by weight is acrylonitrile, which comprises con 
tacting the dry fiber with an aqueous Solution of 
at least 45% zinc chloride having dissolved there 
in an acid dyestuff at 5 to 100° C. for a period 
of 0.5 to 60 minutes, and drying the dyed fiber. 
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4. A method of dyeing a fiber of a monomeric 

composition of which acrylonitrile is at least 80% 
by weight of the polymerizable content, which 
comprises contacting the fiber With an aqueous 
solution of from 50 to 70% by weight of zinc 
chloride for a period of 0.5 to 60 minutes at a 
temperature between 20° C. and 90° C., washing 
the fiber with water, contacting the wet fiber with 
an aqueous dye bath of an acid dyestuff, and 
drying the dyed fiber. 

5. A method of dyeing a fiber of 80 to 99% by 
weight of acrylonitrile and one to 20% of vinyl 
acetate, which comprises contacting the fiber with 
an aqueous solution of at least 45% zinc chloride 
at 5° to 100° C. for a period of 0.5 to 60 minutes, 
Washing the fiber with water, contacting the wet 
fiber with an aqueous dye bath of an acid dye 
stuff, and drying the dyed fiber. 

6. A method of dyeing a fiber of 80 to 99% by 
Weight of acrylonitrile and one to 20% of vinyl 
acetate, which conprises contacting the fiber with 
an aqueous solution of from 50 to 70% by weight 
of zinc chloride at a temperature between 20° C. 
and 90° C. for a period of 0.5 to 60 minutes, Wash 
ing the fibe. With Water, contacting the Wet fiber 
With an aqueous dye bath of an acid dyestuff, and 
drying the dyed fiber. 

GEORGE L. WESP. 
GEORGE E. HAMI. 
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