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3,440,418 
METHOD AND APPARATUS FOR TREATING 
FIBROUS MATERIALS BY EXPOSURE TO AN 
ELECTRICAL DISCHARGE THROUGH A 
MOVING DIELECTRIC 

Carlo Piazza, Spartanburg, S.C'., as'ignor to Deering 
Milliken Research Corporation, Spartanburg, S.C., 
a corporation of Delaware 

Filed July 26, 1965, Ser. No. 474,878 
Int. Cl. H01j 37/26 

US. vCl. 250-495 10 Claims 

ABSTRACT OF THE DISCLOSURE 

A method and apparatus for treating ?brous materials 
comprising exposing the materials, while shielded by a 
relatively moving dielectric, to an electrical discharge of 
about 5 to 30 kilovolts at positive pressures. 

This invention relates to a process for treating ?brous 
materials for purposes of improving textile properties and 
more speci?cally an electrical process for treating ?brous 
materials in order to improve the coe?icient of friction 
of the ?brous materials. 

Subjecting ?brous materials to the action of a high volt 
age ionizing discharge for a predetermined period of time 
is a treatment which is known to the textile industry. High 
voltage textile treatments which have ‘been previously car 
ried out are textile treatments such as those set forth in 
US. Patent No. 1,557,730 which deals with the curing of 
a resinous impregnant contained within a textile yarn, 
by passing a resin impregnated yarn through an electric 
current of high tension. More recently, high voltage treat 
ments have been employed to produce bene?cial effects 
upon textile materails themselves rather than upon resin 
ous impregnants. US. Patent No. 2,997,475 deals with a 
process for improving the physical characteristics of a tex 
tile material by subjecting the textile material to the high 
ionizing discharge which takes place when a voltage in 
excess of a de?nite value is applied across the plates of a 
condenser placed in a rare atmosphere. More speci?cally, 
the conditions required for improving the physical char 
acteristics of the textile material are exposure to an elec 
tric discharge of from about 2 to 5 kilovolts at a frequency 
of from about 100 to about 1000 cycles per second at a 
gas pressure of not more than about 10 centimeters of 
mercury absolute. These conditions are presumed to pro 
duce a change in the surface characteristics of the treated 
?bers which thereby result in improved physical char 
acteristics in the ?nished textile product. Apparently, the 
foregoing conditions have been selected, that is to say 
vacuum conditions have been selected so as to allow the 
utilization of a low voltage glow discharge which results 
in a uniform discharge between the electrodes, high volt 
age corona discharges having =been heretofore considered 
as being unacceptable due to arcing or so-called point dis 
charge which results in severe burning of the ?brous 
materials. 

It is readily apparent that the elimination of vacuum 
conditions would result in a less expensive and more man 
ageable process as well as a process which would lend it 
self to continuous operation. Operating under atmospheric 
conditions, however, requires the use of higher voltages 
in order to produce an electric discharge, the high volt 
ages, of course, producing the previously mentioned co 
rona discharge and accompanying arcing which results in 
destruction of the ?ber. 

It is therefore an object of this invention to provide an 
electric ionizing discharge process for ?brous materials 
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which is carried out at atmospheric pressures utilizing a 
corona discharge without destructive arcing. 

It is an additional object of this invention to provide 
a continuous electric ionizing discharge process for ?brous 
materials which is carried out at atmospheric conditions 
utilizing a corona discharge without destructive arcing. 
Another object of this invention is to provide keratinous 

?ber materials having enhanced surface friction char 
acteristics. 

Still another object of this invention is to provide ap 
paratus for processing ?brous materials with corona dis 
charge. 

In accordance with this invention, it has now been dis 
covered that the textile characteristics of ?brous materials 
may be enhanced by subjecting the ?brous materials to a 
corona discharge at positive pressures, i.e., at or above 
atmospheric pressure, employing voltages in excess of 5 
kilovolts and frequencies of at least 20 cycles per second, 
thet?brous materials being contained within a composite 
dielectric envelope while being subjected to the corona 
discharge. The composite dielectric envelope serves to dis 
tribute the corona discharge and prevent localized arcing 
and accompanying burning of the ?brous material. Appa 
ratus for carrying out the process of this invention com 
prises spaced electrodes,‘ means for applying high-voltage 
alternating power across said electrodes, means for sup 
porting ?bre material between said electrodes, but spaced 
therefrom and dielectric means disposed ‘between said 
electrodes and said ?bre material. The dielectric means are 
preferably in motion. 
A better understanding of the invention may be had 

from a description of the drawings wherein: 
FIGURE 1 is a schematic illustration of apparatus suit 

able for carrying out the process of this invention. 
FIGURE 2 is a graph illustrating the improvements ob 

tained in pilling resistance of corona discharge treated 
wool as compared with non-treated wool. 

Turning to FIGURE 1, a current source 1 consisting 
of low voltage alternating current (120 volts, 60 cycles 
per second) is fed to an audio oscillator 2. The current 
emanating from audio oscillator 2 is preferably main 
tained in the range of from 40 to 150 volts at a frequency 
of 20 to 1000 cycles per second, the voltage being con— 
veniently measured by means of voltmeter 3. After feed 
ing the current from audio oscillator 2 into the secondary 
circuit of transformer 4», the voltage is increased to a range 
in excess of 5 kilovolts and preferably from 5 to 30 kilo 
volts at a frequency of 20 to 1000 cycles per second at an 
amperage of 1 to 20 milliam-ps (per 100 square inches), 
the voltage being conveniently measured by means of 
voltmeter 5 and the amperage being conveniently meas 
ured by means of ammeter ‘6. Upper electrode 7 and lower 
electrode 8 which are preferably stainless steel or anodized 
aluminium are placed in circuit with the high voltage 
current emanating from transformer 4. The top portion 
of continuous belt member 9 is then caused to pass be 
tween upper electrode member 7 and lower electrode 
member 8, continuous conveyer belt member 9 being 
supported by means of idler roll 10 and drive roll 11. A 
dielectric shield member 12 is disposed on either inner face 
of upper electrode member 7 and lower electrode member 
8 and positioned so as to cause the upper portion of con 
tinuous conveyer belt member 9 to pass intermediate the 
upper and lower segments of dielectric shield 12. It is 
preferred that dielectric shield member 12 continuously 
progress about the upper portion of continuous conveyer 
belt member 9. Top or roving (or yarn or fabric as the 
case may be) is then fed onto continuous conveyer belt 
member 9 and caused to be passed between dielectric 
shielded upper electrode member 7 and dielectric shielded 
lower electrode member 8, at which point the top or 
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roving is subjected to the corona discharge generated by 
the application of high voltage current to the electrode 
members. The residence time of the ?bre material in the 
corona discharge is from about 5 seconds to about 15 
minutes. Upon emerging from the corona discharge treat 
ing area, the top or roving is found to have enhanced 
surface friction characteristics which may be detected by 
improved pilling resistance in the ?nal product. It should 
be understood that the dielectric shield member 12 is a 
composite dielectric, the unitary structure being shown 
in the drawing for ease of illustration. The composite di 
electric is composed of two or more materials one of 
which is preferably an air layer. 

In order to evaluate the improvements obtained by the 
process of this invention, pilling tests were carried out, 
pilling being the tendency of ?bers to ball or roll up, es 
pecially where fabric is exposed to rubbing. Results of 
these tests are represented by FIGURE 2 of the drawing. 
FIGURE 2 presents results graphically by plotting 

vs. cycles. The ordinate gives the pilling ratio average be 
tween set a and b which are being matched against each 
other, a and b being de?ned in each case by appropriate 
legend in the graph. The abscissa describes the number 
of cycles which the samples have undergone. Each cycle 
represents a standard randomized amount of rubbing of 
a vs. 12 and includes the pills cutting operation. The ordi 
nate, actually, is the summation, E, of the pill weight aver— 
age ratio throughout the three or four cycles of the experi 
ment. In FIGURE 2, four different sets of conditions are 
being matched against each other. All the samples are 
100% wool, jersey stitch and the four conditions are: 
(1) Control 
(2) Corona discharge treated 
(3) Corona discharge treated and dry cleaned in tri 

chloroethylene at 140° F. for 1 hour 
(4) Corona discharge treated and washed in water con 

taining cold water wool detergent for three minutes at 
120° F. 
FIGURE 2 shows that 100% wool control samples pill 

at least three times more than 100% wool samples silent 
discharge treated, that the dry cleaning of the treated wool 
samples does not affect the corona discharge treatment 
and that the lukewarm water washing of the treated wool 
samples lowers the increase in the pilling resistance of 
the samples by one third. After the lukewarm water wash 
ing, the treated samples pill 21/2 times less, or better, than 
the 100% wool control samples. 
The process of this invention is, of course, suitable 

for obtaining improvements on a variety of ?brous textile 
materials. In addition to top or roving, yarn and fabric 
both woven and nonwoven may be treated. The following 
table designated as Table I is illustrative of the improve 
ments obtained when treating a wool cloth for 4 minutes 
with a 15 kilovolt corona discharge, the wool cloth being 
contained in a dielectric envelope when undergoing the 
corona discharge treatment. The fabric was a fabric hav 
ing a construction of 36 ends per inch and 27 picks per 
inch composed of warp yarns having 12.6 turns per inch 
of S twist and a woolen run count of 4.59 and ?ll yarns 
having 13.3 turns per inch of S twist and a woolen run 
count of 4.68. 

TABLE I 

Breaking7 Strength 
1 inch strip (lbs) 

Percent Elongation 

Warp 9 Fill Warp Fill 

Untreated ______________ __ 13. 7 I2. 9 32. 23 32. 88 
Treated ________________ __ 18. 5 17. l 36. 41 34. 64 

The procedure employed in the preparation of the fab 
ric used in securing the data for Table I was again re 
peated on yarns, the yarns being worsted 60% wool/40% 
acrylonitrile polymer grafted wool two ply 20’s and a 
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4 
100% wool worsted two ply 20’s yarn, the results being 
given in the following table designated as Table II: 

TABLE II 

100% Wool Yarn 

Breaking Percent 
Strength (grams) Elongation 

Untreated ____________________ __ 722 15. 7 
Treated ______________________ _ _ 767 18. 8 

60% Wool/40% Polymer Gratter Yarn 

Untreated ________ .. 710 10. 5 
Treated __________ _ _ 801 18. 2 

The terms “elongation” and “breaking strength” which 
are employed in designating certain physical characteris 
tics in the foregoing tables may be de?ned as follows: 

“Elongation” is deformation caused by a tensile force ex 
pressed in terms of the original length 

“Breaking strength” is the ability of yarns to resist rup 
ture by means of tension. 

The breaking strength is determined by using a single 
strand of each yarn being tested or a single one inch strip 
(warp cut and ?ll cut) of each fabric being tested in the 
jaws of an Instron machine. The Instron machine, which 
is a constant-rate-of-traverse machine, applies an increas 
ing load to the test strand until the breakage point is 
reached. The average single strand breaking load is an 
arithmetic mean of a plurality of breaking tests. 
The breaking elongation of the test strand is deter 

mined by measuring the specimen at zero load and at 
break and by applying the following formula: 

Breaking elongation, percent: 
(length at break-nominal gage length) X100 

nominal gage length 

The average breaking elongation percent is again an arith 
metic mean of a plurality of breaking tests. 

It should be understood that the use of a composite 
dielectric member is a critical feature of the apparatus 
of the process of this invention. If an attempt is made to 
carry out the process in the absence of a dielectric shield, 
severe arcing and burning of the ?brous materials results. 
The dielectric shield may be either an inorganic or an or 
ganic dielectric. Inorganic dielectric materials such as 
glass which are slightly conductive appear to have the 
greatest resistance to corona discharge. The majority of 
inorganic dielectrics will generally crack and fail, how 
ever, after being subjected to corona discharge for several 
hours. It is preferred that an organic dielectric be em 
ployed and still more preferably an organic dielectric se 
lected from the molecularly oriented ?lm category such 
as, for instance, polyethylene terephthalate and Te?on 
(?uoronated polymer marketed :by E. I. du Pont de 
Nemours and Company). Still more preferably, the dielec 
tric is composed of alternating layers of different types Of 
dielectric materials. If the dielectric material is a molecu 
larly oriented ?lm, it is prepared so as to be composed 
of a plurality of layers of ?lm having an intermediate air 
space of substantially lesser thickness than the ?lm thick 
ness. The preferred composite dielectric for purposes of 
this invention is composed of polyethylene terephthalate 
and Te?on ?lms arranged so as to produce a stack about 
50 mills high with a plurality of air spaces disposed be 
tween successive layers of ?lm. The inner face of each 
electrode then has a composite dielectric disposed thereon. 
It is also preferred that the composite dielectric have ex 
posed faces which are perfectly smooth and are in con 
tinuous motion so as to prevent the possibility of arcing 
due to a breakdown of the dielectric caused by local 
superheating. 

While the process of this invention is suitable for pro 
cessing a wide variety of ?brous textile material whether 
natural or synthetic, it should be understood that the 
process of this invention has its prime utility in the treat 
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ment of keratinous ?ber textile materials. Apparently the 
keratinous ?ber upon being subjected to a corona dis 
charge undergoes a change in either surface characteris 
tics or in crimp energy which thereby enhances the fric 
tional characteristics of the ?bers, a characteristic which 
is readily detected by improvements in pilling resistance 
of the ?nished fabrics produced from such ?bers. 

Having thus disclosed the invention, what is claimed is: 
1. A method of processing ?brous materials comprising 

exposing the materials to an electrical discharge of about 
5 to 30 kilovolts at positive pressures, while shielding the 
materials by dielectric moving relative to the ?brous ma 
terials and to the source of electrical discharge. 

2. The product produced by the process of claim 1. 
3. The process of claim 1 wherein said electrical dis 

charge is an alternating current discharge having a fre 
quency of from about 20 to 1,000 cycles per second. 

4. The process of claim 1 wherein said electrical dis 
charge has an amperage of from about 1 to 20 milliamps 
per 100 square inches. 

5. The method of claim 1 wherein said dielectric is a 
composite dielectric composed of at least two different 
materials. 

6. The method of claim 1 wherein said dielectric is a 
composite dielectric composed of air layers and layers 
of solid dielectric material. 

7. A method as de?ned in claim 1 including the step of 
continuously moving the ?brous materials relative to the 
source of electrical discharge, and wherein the dielectric 
is moved continuously and transversely to the direction of 
movement of the ?brous materials. 

8. Apparatus for processing ?brous material comprising 
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spaced electrodes, means for applying high voltage alter 
nating power across said electrodes, means for supporting 
and continuously moving ?brous material between said 
electrodes, dielectric means disposed between said elec 
trodes and said ?brous materials, 'and means for moving 
the dielectric means relative to the ?brous materials and to 
the electrodes during processing. 

9. Appratus as de?ned in claim 8 wherein said dielectric 
moving means includes means for continuously moving 
the dielectric means transversely to the direction of move 
ment of the ?brous material. 

10. Appratus as de?ned in claim 8 wherein said dielectric 
means comprises layers of solid dielectric material separ 
ated by intermediate air space. 
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