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ABSTRACT OF THE DISCLQSURE 

Fibrous material of animal origin—e.g., wool ‘or mo 
hair—is exposed to a corona discharge zone into which 
is fed a mixture of air and chlorine gas, typically, a 
mixture of about 14 volumes of air and one volume of 
chlorine. By this contact of the ?bers ‘with ozone and 
other gases formed in the corona cell, the shrinkage 
properties of the ?bers are greatly improved. 

A non-exclusive, irrevocable, royalty-free license in the 
invention ‘herein described, throughout the world for all 
purposes of the United States Government, with the 
poWer to grant sublicenses for such purposes, is hereby 
granted to the Government of the United States of 
America. 

This invention relates to and has among its objects the 
provisions of novel processes for shrinkproo?ng protein 
ous animal ?bers, e.g., wool, mohair, and the like. Further 
objects of the invention will be evident from the follow 
ing description wherein parts and percentages are ‘by 
weight unless otherwise speci?ed. 
The single ?gure in annexed drawing illustrates ap 

paratus for carrying out a preferred modi?cation of the 
process of the invention. 

In my copending application Ser. No. 442,561, ?led 
Mar. 24, 1965, I have disclosed that wool and other 
animal ?bers may be shrinkproofed by placing the ?bers 
in a locus where ozone is generated. Typically, this is 
done by providing a high-voltage electrical discharge 
zone at normal atmospheric pressure and open to atmos 
pheric air, and placing the ?bers in said zone ‘for a short 
period of time. While in the zone, the ?bers are contacted 
with ozone and other gaseous substances produced by 
the electrical discharge, and as a result the shrinkage 
properties of the ?bers are substantially improved. It is 
further explained in the aforesaid application that the 
procedure has many advantages, for example, only a 
brief processing time of about 2 to 20 seconds is needed; 
continuous operation is feasible because of the short proc 
essing time; and the apparatus ‘for applying the process 
is simple and inexpensive-there is no need for separate 
ozone-generating and ?ber-treating devices as required in 
prior systems involving treatment of ?bers with pre 
formed ozone. 

In accordance with the present invention the procedure 
of the aforesaid application is employed with the modi? 
cation that chlorine, as well as air, is introduced into the 
electrical discharge zone. I ‘have ‘found that the addition 
of chlorine gas results in a surprising increase in the 
shrink-resistance of the product. For example, two runs 
on wool conducted under otherwise identical conditions 
but wherein air alone was used in one, and air plus chlo 
rine (14 vols. to one vol.) in the other, provided the 
following results: The product of the ?rst run (air alone) 
had a shrinkage of 22 minutes, whereas the product of 
the second (air-l-chlorine) had a shrinkage time of 92 
minutes. (Shrinkage was measured by the ball shrinkage 
test described in detail in the examples below.) 

In a typical practice of the invention the electrical dis 
charge system is provided with a gas inlet arrangement, 
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and a stream of air and chlorine is fed into the system via 
this inlet. For optimum results, the stream should con 
tain about 14 volumes of air per volume of chlorine. 
However, it has been observed that improved results~as 
compared with air alone-—are ‘obtained with proportions 
ranging from about 5 to about 50 volumes of air per 
volume of chlorine. 
The process of the invention not only provides the 

advantage of attaining a high degree of shrinkproo?ng 
but also retains the various advantages of the prior process 
of Ser. No. 442,561 to wit: 
A primary advantage is that the desired result is at 

tained very rapidly, for example, in a matter of l to 20 
seconds in contrast to the processing time of at least 1 
minute and preferably about 3 minutes required with 
known processes, for example, that disclosed in my 
Patent 3,149,906 wherein an ozone generator is provided 
and the gas issuing from this generator, together with 
admixed steam, is blown against the ?brous material for 
a period of 1 to 10 minutes to achieve the desired result. 

Since the process of the invention requires but a very 
brief processing time, it is especially adapted ‘for applica 
tion on a continuous basis as in treating long lengths of 
?brous materials. Because of the short treatment time 
such continuous processing will not interfere with the 
orderly flow of the ?brous material through the various 
steps required to convert the original raw ?bers into 
?nished textiles. 
The invention involves more e?icient use of ozone, i.e., 

less ozone is required per unit weight of ?brous ‘material 
treated. Since the ?bers are located in the zone where 
the ozone is formed, the ozone can immediately contact 
the ?bers and there is little opportunity for loss of ozone. 
This is in sharp ‘contrast to systems wherein a gas stream 
containing ozone is blown through a textile material; in 
such case much of the ozone will fail to contact the 
?bers and be lost. 
The apparatus used for applying the process of the 

invention is simple and inexpensive. Although some gas 
handling equipment is needed, it is not at all complicated, 
and, of course, there is no need ‘for providing apparatus 
for creating high pressure or vacuum, i.e., the system of 
the invention is operated at essentially normal (atmos 
pheric) pressure. 
The dyeing properties of the ?bers are essentially un 

altered by the process of the invention. This means that 
the products can be dyed ‘following conventional formula 
tions and schedules. Accordingly, the process of the in 
vention can be applied to a conventional textile process 
ing line without interference with the dyeing procedures 
normally employed in the plant. 
Another advantage of the process of the invention is 

that the intrinsic properties of the ?bers such as their 
acid solubility, alkali solubility, tensile strength, and 
abrasion resistance are not impaired. 
A ‘further item is that no pressure—resistant (nor 

vacuum-resistant) equipment is required; the entire pro 
cedure is carried out at normal atmospheric pressure. 
Another point is that wool yarns treated in accordance 

with the invention have an enhanced tensile strength as 
compared to the untreated yarns. 

I have also observed that especially good results are ob 
tained when the ?brous material is at least partially dried 
before introducing it into the discharge zone, and when 
the gas stream fed into the said zone contains moisture. 
In a practice of this modi?cation of the invention, the 
?brous material to be treated is subjected to a conven 
tional drying operation so that its moisture content is 
less than about 5%, prior to feeding it into the electrical 
discharge zone. As to the gas stream fed into the dis 
charge zone: Ordinary atmospheric air contains su?i 
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cient moisture to attain the desired effect. However, it is 
generally preferred to saturate the air with moisture for 
best results. This can be done in conventional manner, 
for example, by passing the air stream through water or 
through a chamber ?lled with crushed rock, Berl saddles, 
beads, or the like, and sprayed with water. Although 
optimum results are attained when the ?brous material 
is dried before treatment and the incoming gas is humidi 
?ed, the invention may be practiced without incorpora 
tion of these features, thus to still achieve the improved 
rcsults yielded by the basic procedure heretofore de 
scribed. 
One form of apparatus for applying the process of the 

invention is illustrated in the annexed drawing. This 
modi?cation of apparatus is adapted for continuous treat 
ment of long lengths of ?brous material, and includes the 
optional features of providing means for drying the 
?brous material before treatment and humidifying the 
incoming gas stream. The construction and operation of 
the apparatus are explained below. 

The discharge device, or corona cell, generally desig 
nated as 1 includes plates 2 and 3 of dielectric material 
such as glass, separated by a small distance—about 4 to 
10 mm. In contact with the respective plates 2 and 3 are 
electrodes 4 and 5, made of aluminum, copper, or other 
electrically-conductive metal. The electrodes are pro 
vided with tubes 6 and 7 for circulation of a heat ex 
change medium therethrough whereby the discharge de 
vice may be cooled (or heated) to maintain it at a desired 
temperature level. 

For energizing corona cell 1 there is provided a step-up 
transformer 8. The secondary winding 9 of the transformer 
is connected to electrodes 4 and 5. (Symbols x, x desig 
nate an electrical connection omitted from the ?gure to 
avoid confusion with the other parts.) The primary wind 
ing 10 is connected to an AC power source. The center 
tap 11 of the secondary winding is preferably grounded, 
as shown. The parameters of the energizing system and 
the power source are chosen to provide an EMF across 
electrodes 4 and 5 of about 10,0001 to 25,000 volts at a 
frequency of about 60-5000 c.p.s. Generally, better re 
sults are attained at the higher frequencies in this range. 
Energized as above set forth, a corona discharge takes 
place in the space between plates 2 and 3. Thus, the space 
emits a diffuse violet-colored glow which appears as a 
series of brush discharges. 
A stream of gas-air, chlorine, and water vapor (either 

adventitious or deliberately added)—is supplied by pipe 
18 to the space between plates 2 and 3. The corona dis 
charge acts upon these gaseous materials within the said 
space. As a result, in addition to the introduced sub 
stances-—oxygen, nitrogen, chlorine, and water vapor in 
their normal states—there is present the following: 

Monatomic oxygen (0). Monatomic chlorine (Cl). 
Monatomic oxygen in both negatively and positively 

charged states. Monatomic chlorine in both negatively 
and positively charged states. 

Molecular oxygen (02), vibrationally excited by the 
visible light. 

Molecular oxygen in both negatively and positively 
charged states. 

Ozone (03). Chlorine dioxide (C102). 
Ozone, vibrationally excited by the ultraviolet light. 
Ozone in both negatively and positively charged states. 
Oxides of nitrogen, including nitrogen pentaxide, nitrogen 

dioxide, and nitrous oxide. 
Hydrogen peroxide. Hydroxy free-radicals (OH-). 
From the above, it is apparent that various reactive 

forms of oxygen, nitrogen, and chlorine are present in the 
discharge area. Many of the highly reactive species—for 
example, the vibrationally excited and charged species 
decay rapidly and cannot be removed from the discharge 
area in a gas stream. Accordingly, direct exposure of 
?brous material to the discharge area in accordance with 
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which are different from those obtained when the gaseous 
products of the discharge area are removed therefrom and 
only then applied to a ?brous material. 

In operation, corona cell 1 is energized and the textile 
material from roll 13 is continuously drawn through the 
system by the sets of driven rollers 14 and 15. The ma 
terial ?rst passes through drier 16 wherein its moisture 
content is reduced to below 5%. Then, the material passes 
through the cell 1, and the treated material 17 may then 
be wound up on a reel and further processed as desired. 
The speed of rollers 14 and 15 is so adjusted that the 
?brous material remains in the discharge area for a 
period long enough to attain the desired shrinkproofing 
effect but not long enough to damage the ?bers. This 
time will generally range from about 2 to 20 seconds. 
Also during operation, the heat-exchange ?uid (for ex 
ample, a conventional silicone oil) is circulated through 
tubes 6 and 7 to maintain cell 1 at a temperature of about 
80 to 145° C., preferably about 90—100° C. Ordinarily, 
in operation of the system the heat-exchange ?uid serves 
to keep the temperature at the desired level by dissipat 
ing heat, i.e., heat produced by the corona cell in form 
ing the gaseous substances in the discharge area and heat 
produced as these substances react with the ?brous ma 
terial being treated. On the other hand, when the system 
is started up, it is cold and the ?uid is operated in a 
heating cycle to warm the cell to the desired temperature 
level. 

For introducing gases into corona cell 1, there is pro 
vided a conduit 18 made of polytetra?uoroethylene or 
other insulating, chlorine-resistant material. Pump 19, 
which may be of the metering type, receives atmospheric 
air from the open end 18a of the conduit and propels it 
through moisturizer 20' into cell 1. At the same time, 
chlorine gas from source 21 is bled into conduit 18 via 
feed tube 22. The appropriate ratio of air to chlorine is 
attained by adjustment of valve 23 in correlation with the 
feed rate of pump 19. Generally, the chlorine-air mixture 
is fed into the cell at such a rate that there is an excess 
over that amount actually needed for reaction with the 
?brous material; the excess obviously ?ows out of the 
discharge zone since this is open on all sides. Only a 
small amount of pressure is involved in the operation of 
pump 19, i.e., that required to overcome the resistance to 
?ow of the gases; the pressure in the discharge zone is 
atmospheric. Moisturizer 20 may take the form, for ex 
ample, of a chamber provided with sprays of water to 
humidity the air passing therethrough. 
The process of the invention is applicable to animal 

?brous materials such as wool, mohair, cashmere, alpaca, 
vicuna, camel hair, cattle hair, and other proteinous 
?bers derived from animal sources. The materials may be 
in any of various physical forms, e.g., slivers, roving, 
yarns, top, felts, woven or knitted textiles, etc. Usually, 
it is preferred to treat the ?brous material before it 
has been fabricated into a textile. Especially preferred 
is the treatment of thin webs of ?bers—for example, card 
webbing—following which the treated material is formed 
into yarns and then into textile products. Since the proc 
ess of the invention does not impair the desirable prop 
erties of the ?bers, materials treated in accordance with 
the invention may be employed in all the conventional 
applications of ?brous materials as in production of gar 
ments of all kinds. 
The invention is further demonstrated by the following 

illustrative examples: 
Example 1 

In these runs the corona cell 1 was as shown in the 
drawing. Dielectric plate 2 was of borosilicate (Pyrex) 
glass, l/s" thick, 10" wide, and 10” long. Dielectric 
plate 3 was of Micamat-mica ?akes bonded with a sili 
cone glass, 0.015" thick, 10” wide, and 10" long. The 
gap between the plates was 1A". The corona cell was 
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energized with a current at 18,200 volts, 415 c.p.s., and 
was maintained at 98° C. 
The flow of chlorine gas into the corona cell was main 

tained constant at 0.00484 cubic feet per minute at stand 
ard conditions (hereinafter designated as “s.c.f.m.”). The 
?ow of air (taken from the atmosphere and necessarily 
containing some moisture but with no additional mois 
turizing) was varied during the experiment, as designated 
below. 
Each run involved treatment of wood in its undried 

condition. Each sample of wool was 1 gram in weight, 
spread out into a thin web about 100 sq. inches in area. 
Time of each run was 5 seconds. In a control run, no 
chlorine was added; air alone was introduced into the 
corona cell. 
The treated wool samples and a sample of the untreated 

wool were tested for shrink resistance by the loose-?ber 
feltability (or shrinkage) test. In this test one gram of 
the material is put in a 120-ml. vessel with 50 ml. of pH 
1.0 HCl-KCl buffer and then the vessel is stoppered and 
placed on a Desaga shaker, whereby the vessels are shaken 
at a rate of 175 shakes per minute. The shaking is con 
tinued until the material forms a ball 25 mm. in diame 
ter. The time required to attain this effect indicates the 
shrinkage character of the ?bers. Thus, a longer time 
indicates that the ?bers felt and shrink to a lesser extent. 
In other words, a longer time for the ?bers to form a 
ball indicates an improvement in resistance to shrinkage. 
The results obtained are as follows: 

Air Ratio of air Time for wool 
Run flow, to chlorine, to form 25 mm. 
' s.c.f.rn. voL/vol. ball, min. 

0. 072 (1) 22 
0. 024 5/1 50 
0. 048 10/1 70 
0. 067 14/1 92 
0. 088 16/1 84 
0. 11 23/1 65 

6 0.15 31/1 45 
Blank (untreated wool) _____________________________ ._ 16 

1 Air alone. 

Example 2 

These runs were carried out as described in Example 1, 
with the following exceptions: The air/ chlorine ratio was 
held at 14/1. The wool before treatment was dried so 
that its moisture content was less than 5%. The current 
of gas (air and chlorine) was humidi?ed or dehumidi?ed 
to various levels as set forth below. The results obtained 
are as follows: 

Humidity of air-chlorine 
gas stream. Expressed in 

terms of- Time to form 
Run 25-min. ball, 

Pressure 01 Relative minutes 
water vapor, humidity, 
mm. Hg Percent 

18 82 80 
9 41 G2 
4 18 50 

4 . 01 0. 05 35 
Control (untreated wool) _____________________________ __ 15 

Example 3 

These runs were carried out as in Example 1 with 
the following exceptions: The gas stream supplied to the 
corona cell was varied to provide mixtures of chlorine 
and (1) air, (2) nitrogen, and (3) oxygen. In a fourth 
run, air only was used. In all cases, the chlorine flow 
rate was 0.022 s.c.f.'m. Flow rates of the other ‘gases were 
approximately seven times that of chlorine. The results 
are tabulated below: 

Time to form 
Run Gas mixture, ratio by vol. 254mm. ball, 

minutes 

1 _______________________ _. Air and chlorine, 7/1 _______ __ 70 

_.._ Nitrogen and chlorine, 7/1_._ 37 
__._ Oxygen and chlorine, 7/1___. 37 

4 _______________________ __ Air only ___________________ __ 18 

Blank (untreated wool) _______________________________ __ 14 
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6 
An unusual property of ?bers treated in accordance 

with the invention is that their resistance to shrinkage may 
be canceled and subsequently restored by application of 
certain procedures described below. The importance of 
this property is explained as follows: In the preparation 
of textiles from wool or other animal ?bers (both woven 
and knit goods) it is customary to apply a fulling treat 
ment-the fabric is mechanically worked in a warm 
aqueous bath containing any of various agents such as 
alkaline agents or acids, soap, etc. As the name implies, 
the treatment makes the fabric fuller. Usually, the fabric 
as it comes from the loom or knitting machine has a 
threadbare appearance. During the fulling operation the 
fabric shrinks to a controlled extent so that gaps between 
adjacent yarns are reduced and the fabric becomes denser 
and develops a desirable body, texture, and appearance. It 
is obvious, of course, that if a fiber is shrinkproof, a fabric 
made therefrom cannot be properly fulled. However, the 
products of the invention can be temporarily deprived of 
their shrinkproof quality by application of a cationic sur 
face-active agent such as quaternary ammonium salts con 
taining long-chain alkyl groups, methylol derivatives of 
long-chain fatty acids, and amides of fatty acids contain 
ing more than 8 carbon atoms. When so treated, the 
fibrous material may be fulled in an aqueous bath at pH 
below 7 to obtain a desired fulling effect. The fulling oper 
ation is most conveniently conducted in an aqueous bath 
containing a cationic detergent plus acid (hydrochloric 
or sulphuric, for example) to make the bath acidic. After 
the fulling operation is completed, the shrink-proof qual 
ity of the ?brous material is restored by removal of resid 
ual cationic detergent. This can be accomplished in vari 
ous ways, for example, by extracting the ?brous material 
with an organic solvent such as 1,1,l-trichloroethane, or 
with acetone-water solutions saturated with salt, or by 
washing it with an aqueous medium containing a conven 
tional anionic or non-ionic detergent. 

It may further be noted that although restoration of 
feltability may be accomplished as above described, it is 
not likely that this effect will take place unintentionally 
during normal usage of the treated ?brous material. This 
is the case because restoration of feltability requires both 
application of a cationic detergent plus acidic conditions 
whereas in normal usage—for example, in washing— 
alkaline conditions are universally applied, and, under 
these conditions, the shrink resistance of the treated ?bers 
is retained. 

This aspect of the invention is demonstrated by the fol 
lowing illustrative example: 

Example 4 
W001 yarns which had been exposed to the corona cell 

as previously described were woven into a fabric. The 
fabric was cut into several samples, each being treated as 
follows: 

Sample #1—Tcsted for shrinkage by the accelerotor 
method. In this test the sample is milled at 1780 r.p.m. for 
2 minutes at 40° C. in an accelerotor with 1% soap (so 
dium oleate), using a liquor-to-wool ratio of 50 to 1. 
After this washing operation the sample is dried in air 
and measured to determine its area, and the shrinkage cal 
culated from the original area of the piece. The accel 
erotor is described in the American Dyestuff Reporter, 
vol. 45, p. 685, Sept. 10, 1956. 
Sample #2—The sample was soaked for 15 minutes in 

an aqueous solution containing 1% of a long-chain alkyl 
quaternary amine surface-active agent (stearyl dimethyl 
benzyl ammonium chloride), held at above 60° C. After 
this treatment the wool was subjected to a fulling treat 
ment. This was conducted in the accelerotor as explained 
above except that in this instance the liquor used was 
water acidi?ed to pH 1 with hydrochloric acid. The shrink 
age was measured as an index of the emcacy of the fulling 
operation. 

Sample #3-A sample of wool which had been treated 
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to deprive it of its shrinkproof quality (as described in 
connection with sample #2) was washed with an aqueous 
solution containing .05 % of a conventional non-ionic de 
tergent, nonylpheuoxy poly(ethyleneoxy)ethanol, and 
0.2% of tetrasodium pyrophosphate to restore its shrink 
proof quality. It was then washed in the accelerotor as 
described above. 

Control: A sample of fabric prepared from untreated 
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wool was subjected to the shrinkage test described in con- , 
nection with sample #1. 
The results obtained are tabulated below: 

Area shrinkage 
Sample Treatment applied 1 after milling in 

Accelerotor, 
Percent 

1 _ A ...... _ _ _ . . 6 

2 _ _ . _ A+B _ 40 

3 _ A+B+C 10 
Control Nnne __ 36 

1Treatment A=exposure to corona cell; Treatment B=applieatlon 
of quaternary ammonium salt; Treatment C=removal of quaternary 
ammonium salt by washing with non-ionic detergent. ‘ 

Having thus described the invention, what is claimed is: 
l. A method for treating proteinous animal ?bers to 

increase their shrink resistance which comprises exposing 
the ?bers to a corona discharge zone into which is fed 
a mixture of air and chlorine. 

2. ' The method of claim 1 wherein the mixture contains 
air and chlorine in a ratio of about 14 to 1, by volume. 

3. The method of claim 1 wherein the corona dis 
charge zone is at essentially atmospheric pressure. 

4. The method of claim 1 wherein the ?bers are dried 
prior to exposure to the corona discharge zone. 

5. The method of claim 1 wherein the mixture of air 
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8 
and chlorine gas is humidi?ed before feeding to the corona 
discharge zone. 

6. The method of claim 1 wherein the corona discharge 
zone is maintained at about 90 to 100° C. 

7. The method of claim 1 wherein the ?bers are wool. 
8. The method of claim 1 wherein the time of exposure 

is about 1 to 20 seconds. 
9. The method of claim 1 wherein the corona discharge 

zone is open to the atmosphere. 
10. The method of claim 1 wherein the treated ?brous 

material is impregnated with an acidi?ed aqueous solution 
of a cationic surface-active agent to permit fulling, the so 
treated material is fulled in an acidi?ed aqueous medium, 
and shrink resistance is restored to the fulled material by 
removal of the cationic surface-active agent. 
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