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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. 

wool, mohair, and the like, with ozone 
in order to improve their properties. Further objects of 
the invention will be evident from the following descrip 
tion wherein parts and percentages are by weight unless 
otherwise speci?ed. 
As a general proposition, the treatment of wool with 

ozone has been described heretofore and has been sug 
gested as a means of improving the shrinkage properties 
of the textile and increasing its affinity for dyes. Various 
investigators have explored the situation and have advo 
cated different techniques for accomplishing their de 
sired ends. A typical procedure is that described in 
British Patent No. 242,027, November 5, 1925. In this 
process, wool is soaked in 5% ammonia solution for a 
few minutes, hydro-extracted (centrifuged) to remove 
excess liquid, then placed while damp in a chamber 
wherein it is exposed to air containing ozone in a concen 
tration of about 1 part per 1000. The process is ex~ 
ceedingly slow as evidenced by the fact that the patentees 
suggest removing samples of the wool “at intervals of 
a few hours” to test them for acidity. (if acid, the wool 
is again soaked in ammonia solution prior to further 
ozone treatment.) The procedure of the British patent, 
termed the “Zair” process, was further investigated by 
Brown (Journal of the Society of Dyers and Colourists, 
vol. 44, pp. 230—233, 1928), who illustrates the long 
duration of the procedure, i.e. 5 to 20 hours, and sug 
gests that ' ' ‘ 

ties is attained when 

15 hours. In addition to requiring long processing times, 
the various prior procedures have involved such disad 
vantages as erratic and non-uniform results, decrease in 
abrasion resistance of the treated wool, and even loss of 
material during processing by dissolving of a portion of 
the ?bers. As a net result the ozone treatment of wool 
has not met with commercial acceptance. 
The process of the invention surmounts the di?‘iculties 

above and leads to the following particular advantages: 
A primary item is that the process of the invention 

requires a brief period of time, that is, usually about 3 to 
6 minutes and at most about 10 minutes. Despite this 
short processing time, the treated ?bers display many 
improvements in their properties, namely: 
The resistance of the ?bers to felting and shrinking 

is markedly improved. 
The treated ?bers are 

treated) ?bers. 
The treated ?bers take up dyes more rapidly than the 

untreated ?bers. In addition, the fastness of the dyes to 
the ozone-treated wool is unchanged and fading resistance 
is equal to or better than with the dyed untreated wool. 
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The treated product displays increased ?ber 

forces; that is, the indivdual fibers cling 
more tenaciously than is the case with the untreated 
material. in turn provides these bene?ts: Yarns 
can be spun to a higher count, that is, to ?ner diameter 
or fewer ?bers per cr ss-section. Yarns can be fabri 
cated with less twist than from the untreated ?bers, yet 
without any loss in yarn tensile strength. (‘Yarns with 
less twist are especially desirable for fa‘ricating gar 
ments as the products have improved wrinkle recovery). 
Finer yarns can be spun from the treated ?bers and with 
greater efllciency, e.g., with fewer breaks. 

In addition to these advantages noted above, the treat 
ment accordance with the invention does not produce 
any degradative ellect so that there is no detriment in 
what may be termed the purely mechanical properties of 
the material. Thus, there is no loss in tensile strength or 
abrasion resistance. In addition, the material retains its 
original hand so that it is suitable for fabrication of 
garments of all kinds such as suits, skirts, shirts, etc. 

in essence, the process of the invention involves con 
tactiru7 the ?brous material with a current of steam and 
ozone. Various conventional types of textile-treating de~ 
VlCES can be adapted for achieving the desired contact 
between the material and the steam-ozone mixture. Typi 
cally, for batch operations one may provide a chamber 
supplied with perforated shelves, a gas inlet, exhaust 
vent, and a discharge outlet for condensed water. The 
?brous material to be treated is laid on these shelves 
and a stream of the steam-ozone mixture is directed into 
the chamber, preferably in such a manner that it actually 
passes through the material, or, more accurately, through 
the interstices between individual ?brous elements. For 
continuous treatment of long lengths of material such 
as yarns, slivers, top, cloth, etc., the material can be 
threaded over a series of perforated rollers supplied, 
through hollow shafts, with the steam-ozone mixture 
which then ?ows through the material as it passes over each roller. 

Generally, the ozone is produced in a conventional de 
vice wherein oxygen is passed through an electrical sys 
tem involving a high-voltage silent discharge. The efllu 
ent gas from this device contains, for example, about from 
10 to 100 mg. of ozone per liter, depending on the cir 
cuit adjustments of the device. (The portion of this 
gas stream which is not ozone is, of course, oxygen.) 
This gas stream is mixed with a stream of steam pro 
duced by a conventional steam generator. The relative 
proportions of steam and ozone are so adjusted that the 
steam-ozone mixture has an ozone concentration of about 
10 to 50 mg. per liter. The temperature at which the 
process of the invention is carried out may be varied from 
about 60 to 95° C. Temperature control of the treat 
ment is most readily achieved by adjustment of the tem 
perature of the steam-ozone stream. This in turn is 
readily controlled by adjustment of the proportions of 
steam and ozone which are combined. For example, 
by increasing the proportion of steam in relation to the 
proportion of ozone coming from the ozone generator, 
the temperature of the steam-ozone composite stream 
may be increased. 

The time of contact between the ?brous material and 
the steam-ozone mixture may be varied depending on 
such conditions as the reaction temperature, the concen 
tration of ozone in the steam-ozone mixture, the type 
of ?brous material being treated, and the degree of modi 
?cation of the ?brous material which is desired. 
example, an increase in reaction temperature or an in~ 

cohesive 
to one another 
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crease in ozone concentration will increase the speed of 
modi?cation, In any particular case, pilot trials may be 
conducted with the material to be treated, employing 
various conditions and testing the properties of the prod 
uct. From such tests the appropriate conditions may be 
easily derived. In such trials, the shrinkage character 
istics of the product may, for example, be used as the 
criterion and the conditions of reaction selected so that 
the area shrinkage of the product (tested by a standard 
method) is markedly improved, i.e. reduced to at least 
one-half, preferably at least one-tenth, of that displayed 
by the starting (untreated) material. it is, of course, 
obvious that the process should not be continued for such 
a long period as to cause degradation of the ?bers. As 
noted above, the process of the invention is rapid so 
that effective results are obtained in a matter of minutes, 
for example 2 to 6 minutes, and in no case is the time 
of reaction more than 1.0 minutes. 

Following the treatment with the steam-ozone mixture, 
the treated material may be acidi?ed, for example, by dip 
ping it into a bath of dilute hydrochloric or sulphuric 
acid. Typically, this step is accomplished by immersing 
the material in 0.1 N HCl for 1 to 3 minutes. This acidi 
?cation acts to restore softness of hand to the treated 
material and to restore its original resistance to abrasion. 
The acidi?cation procedure is, however, optional and need 
not be applied if subsequent dyeing is planned as the 
acid or salt used in the dyebath accomplishes the same 

purpose. The process of the invention is applicable to animal 
?brous materials such as wool and mohair and these 
materials may be in any of various physical forms, e.g. 
bulk ?bers, slivers, roving, top, yarns, felts, woven tex 
tiles, knitted textiles, or even garments or garment parts. 
The invention is further demonstrated by the following 

illustrative examples: Example 1 

Steam at 100° C. was mixed with a stream of ozone 
gas (50 mg. ozone per liter) issuing from an ozone gen 
erator. In the different runs the proportions of the two 
initial streams (steam and ozone) were varied to pro 
vide di?erent ozone concentrations in the composite 

stream. 
In each run, steam-ozone mixture was introduced at 

a ?ow rate of about 0.1 cu. ft./rnin. into a chamber 
wherein it was forced through a sample of wool cloth. 
In each case the time of treatment was 3 minutes. 

Following the treatment, the treated wool samples were 
tested for shrinkage by the following test: 

Standard shrinkage test.--The tests for shrinkage re 
ferred to below were conducted in the following way: 
The wool samples were milled at 1700 rpm. for 2 min 
utes at 40~42° C. in an Accelerotor with 0.5% sodium 
oleate solution, using a liquor-to-wool ratio of 50 to 1. 
After this washing operation the samples were meas 
ured to etermine their area and the shrinkage was cal 
culated from the original area. With this washing meth 
od, samples of control (untreated) wool gave an area 
shrinkage of 42%. The Accelerotor is described in the 
American Dyestuff Reporter, vol. 45, p. 685, Sept. 10, 
1956. 
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The results obtained are summarized below: 

Ozone con 
Ternper- centration Area 

Run ature of in steam- shrink 
treatment, ozone mix- age,* 

° C. ture, percent 
mgJliter 

‘Shrinkage of untreated wool was 42%. 
Example 11 

A sample of mohair top was treated as described 
above in Example I, run 4, Le. temperature 75° C., time 
3 minutes, ozone concentration 31.4 rug/liter. (The 
expression “top” is used in the trade to designate the 
?ber product which has been produced by scouring the 
raw ?eece, applying carding, combing and doubling to 
produce a thick strand, about 11/2” in diameter, of ?bers 
in more or less parallel arrangement, i.e. with no twist. 
Top is thus the refined material which is eventually treated 
by roving and spinning to make yarns.) 

In order to test the cohesive forces between the indi 
vidual ?bers in the treated top, the material was placed 
in a test instrument where it was clamped between jaws 
spaced 8” apart and subjected to elongation While meas 
uring the tensile force. Because of the wide spacing of 
the jaws, the results do not relate to tensile strength of 
individual ?bers but rather to the degree to which the 
fibers hold to another by cohesive forces. It was found 
that the treated top broke at 6.5 lbs. whereas untreated 
top broke at 1.5 lbs. 

Having thus described the invention, what is claimed is: 
1. A process for improving the properties of animal 

?bers selected from the group consisting of wool and 
mohair, in particular to improve their shrinkage resist 
ance, enhance their rate of dye absorption, and increase 
the cohesive forces between individual ?bers which com 
prises mixing a stream of steam with a stream of ozone 
to provide a composite steam-ozone stream having 'a tem 
perature about from 60 to 95° C. and an ozone con 
centration about from 10 to 50 mg./liter, blowing said 
composite stream through a mass of animal ?bers for a 
period in the range about from 1 to 10 minutes, suffi 
cient to attain said improvements but insufficient to cause 
degradation of the ?bers. 

2. The process of claim 1 wherein the animal ?bers 

are wool. 3. The process of claim 1 wherein the animal ?bers 

are mohair. 
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